5 APR 2005 Bath and Method of Electroless Plating of Silver on Metal
Surfaces Description: The present invention relates to an el ectrol ess
silver plating bath and to a nmethod of electroless silver plating, |l @e
manuf acture of printed circuit boards and other circuit carriers, @PEQ t a
| ayer of copper is generally applied all over non-conductive surfaces of
the substrates in order to render these surfaces conductive with this

et hod. - gn QA MARIH Gt EXEIE it shiler HEVMASIHAES a7 e metal -coat ed.

Then, circuit structures are he surtaces t he substrate.

Vari ous nethods may be utilized for this purpose. A commonly used nethod
consists in first applying a mask generally formed with a photosensitive
film ontleSEMRi®r f aces, said mask excl usively covering those regions of the
surfaces in which no copper structures are to be formed, whereas those
regions on the surfaces that correspond to circuit structures are kept

bare. TheFhe peseatyigventibn cl@peto dnelataplss §ibadr plating betand egi methobyf means of an
el ectrolytic nmethod, the thickness of said copper |layer corresponding to
the t hi ciétredelestsiveePlali®kuit structure to be formed. Thereupon, anot her

| ayer of netal, a layer of tin for exanple, serving as an etch protection,
is applied electrolytically on the copper coating forned. Then, the nmask is
renoved Ihtienmingaciute bapested oidotitieaadsppd otieh alraticirias mt Fisst d 1hyar ef i n t he
regions that do not corresqond to circuit structures is etched away.

Fi nal | y, cORRerpgaeTaly applied allQyss pen-eandnghive wetagas o ther wheEtssdA ofdsr r enpved as

wel I, %F&&le%&é‘e%&a&% Hx?&ddﬁ@éwﬂﬁ ?hl§ leliRd: Tﬁg)n&pc&nlaﬁctgxre%%algt 0

electr|ca attach conponents, e. g., resistors, capacitors an
sem condun tlrmrsubslmpasmmfm}st,al eodteay é‘hem fcirsnl sterctwenst Sdrired aofheanrfaadels oy of tin

and | ead een plled 0 deoxidj.z pper surfaces u I|qU|d
sol der . ‘ﬂggh‘? Sé‘g ‘8&? We%h%@ﬁyg P"é?f‘ﬁ&%t YRR ESRe™ SUPFRE su Ad nore
speci f i C%At% od 6&%{8hﬁflr§?§%@§lp én@%ﬁ n&%ll}afd?ﬁ:[z\(lj r@i‘lt‘h tOinS@IiSEtI\JérH e) Th' S

met hod has been known un el1ng Metho
met hod) . ddguthe bnyrfacbheaﬂéﬁasktekdo&jvélg coaimgitleabe oegiomsf dfehe surfaotsder r e5| st mask

ConSt oL 10,0 S ROLYIEL 1) % D38 Been, anpll e om0 Lhe s faces of the

that correspond to circuit structures are kept bare. Then, a layer of copper is deposited

in these regions by means of an electrolytic method, the thickness of said copper layer
corresponding to the thickness of the circuit structure to be formed. Thereupon,

another layer of metal, a layer of tin for example, serving as an etch protection, is

applied electrolytically on the copper coating formed. Then, the mask is removed

from the surfaces and the copper that has been laid bare in the regions that do not

correspond to circuit structures is etched away. Finally, the layer of metal constituting

the etch protection is removed as well, so that circuit structuzes are formed.

Up to the present, to electrically attach components, e. g., resistors, capacitors and
semiconductor components, a layer of solder consisting of an alloy of tin and lead has

been applied onto deoxidized copper surfaces using liquid solder.

Then excess liquid solder is removed from the surfaces and more specifically from the
holes by means of a hot air jet (air knife). This method has been known under the
name of Hot Air Leveling Method (HAL method). Usually, the HAL method is
carried out after a solder resist mask consisting of a polymer film has been applied
onto the surfaces of the printed circuit boards with the exception of those regions in

which the electrical components are to be soldered. As a result thereof, liquid solder is



whi ch the electrical conmponents are to be soldered. As a result thereof,
liquid solder is 1 5 APR 2005 brought exclusively to those sites on the
printed circuit boards at which the conponents are to be el ectri dahRRy2003
contacted. After the tin/lead coating has been forned, the conponents can be
either surface nounted onto or contact |eads of the conmponents passed

through the printed circuit .board and be.soldered there onto. Since the
conponentkgo"éﬁ’ée}f) ‘fsé‘f??%{?dﬁ?sﬁf”ﬁ%‘&n g’&ﬂ”& écarcﬁlﬁgf’%rﬁ%ati@ﬁﬁh Hériod of time after
the circuompahédiciei®be NBMAchBERdn{pfcaed on printed circuit boards, the
copper surfaces oxidize so that the wettability thereof with [|iquid solder

is enornously reduced. As a result thereof, prior to soldering the circuit
first.b fromoxi de | ayers that have formed. By

structures, shoul . free

formng t erq&i Wd[}eé_ga?%%ﬁ’iaﬁgeeé’ O, e OFRONEHS 7 B qither Wi%c? atter are
prevent ednéundn bt 6 dinbidt RAds SRS cdhSorRARPRRBA S oRBYhE prifiltdiBat and sol der ed
| ater on without any problem Accordingly, the |ayers produced with the HAL

met hod alt®erdsamxhbe spidesd dhease pnigobiped the sampanants 4re oftepmognied snthg oxi dati on. As
aresult thereof . sol derability of areas that have been prepared with the
i ot ot e A ek e ob s e £hE 2R ShusuttEy R BE BoRPEATC:

boar ds r gsinkdd @chifl 8548 tRNEPPENRIf2EQTIXRAELOD REAEEISRDiliEURSOMPMON, 1N
carrying out the HAL nethod, the thickness of the tin/léad coating can be

equal i zediqmid soldenés enormeusly wduetidf As pessalishrpoti priordo svlidemng the ckagss on t he
surfaces of the printed,ci.rcuit boards is,still .cons, der.abl.e. ..On account of
the over SReRSBRNE B RE RES bpm R BedRrest Bt b SGUR. B PiPeatics fon o

aut omat i qiAssEEnkiMg 6h tHeh@rcnlt HFRANEA LR lagbr G bevehtbd &b ®&dikPEREd nMust have
surfaces as | evel as possible. This object cannot be achieved with the HAL

t echni quehatshesepmpoments way be mrtunead and seldargd lyer rewihews apeerdblgn.poi nts for the

conponent d i i 0 tjaon of | der bridges.
Al t er nat i%@%@?@%&é@@ﬁrs &’goﬁll‘,a g%dl Vﬁfgﬁ; ﬁ% m&%@ﬁa&é‘) %eg% eto RPIEFtS g? ? been

sear ched sayfa¢e® @ plogwdiehotibaim. Ak awbatkBeradly sdl@erabilityd@Tiread thadr i mary

obj ective consisted In precluding oxidation of the copper surfaces and in

concur r ey bepaduenaged wish the i scphodds gxgeHerto Mesaveb phasjurfacsid the

ever-inc rp?ﬁl%édr@rcuit boards resist oxidation and other corrosion processes.
Even though, in carrying out the HAL method, the thickness of the tin/lead coating
can be equalized with the air knife, differences in the coating thickness on the
surfaces of the printed circuit boards is still considerable. On account of the ever
increasing density of the circuits and due to introduction of automatic assembly of the
components, circuit structures formed must have surfaces as level as possible. This
object cannot be achieved with the HAL technique. Also, the ever-smaller spacing
between connecting points for the components (pads) leads to an increase in the
formation of solder bridges. Alternative methods for replacing the HAL method have
therefore been searched by means of which these drawbacks may be avoided. A
primary objective consisted in precluding oxidation of the copper surfaces and in
concurrently meeting the demands placed in connection with the ever-increasing

miniaturization and the automation of the assembly.

These problems have been mitigated by forming a combined layer of nickel and gold.
Since the circuit structures to be coated are generally electrically isolated with respect
to one another, the two layers of metal are applied onto the copper surfaces by means

of an electroless method. If an electroless plating method is utilized, regions of the



m niaturization and the automati on of the assenbly. These probl ens have been
mtigated by formng a conbined | ayer of nickel and gold. Since the circuit
structures to be coated are generally electrically isolated wth re$oggt 0% o
one another, the two |ayers of metal are applied onto the copper surfaces by
means of an electroless nethod. If an electroless plating nmethod is
utilized, reqio of 1he PR .20 opper. surfaces to be coated need not be
ol ect 11 i PpAORAEE Rl o oat Rario oy onREd o a8 sRERERPYSTA T i oh i <
parti cul agguycesui ted for applications that place highest demands on quality.
This finish is not only sol derable but al so bondabl e and provi des excel | ent
protection fromcorrosion. It may noreover be utilized to establish

el ectrical cqnfacgt .. areas, .like in it ches .and ont acts far exanple.

ovever . SHECURI ArhER TGS “ded MralBouBR Wil Ml cPBhS hnhn L her eor

i's restrigt @ity Thishrghighbt onlE kdl8&abIS bul disd Sordable afd bfcatick ekcdller end (mass)

application. Another hi gh-(iual Ity finish is fornmed by el ectrol ess plating of
f

pal | adi unpreifeaoTEbppERToSon flbmes moreayepbuilia skeabyieh clsetrialdoatscum yi el d
best solderabj.lity. .Noreove t to a,l cont act, resi stance of this
aver - pattaal byt Rl Bhue chBRRdS cxute, bR AR EEATEE: cas' on
printed céxpentive faaitdBe ap'iailiaaﬁmtth@fe@ﬁh@@tmﬁedqalﬂi%aﬂwmy Sirdbit@Mt is dok  cannot  be
utilized in mass production though. Formation of an organic protective
coati ng ofuited kgrlowend fpaiskapphicatiiiky|  benzi ni dazol es on the copper areas is
much nore advantageous than a coating with a conbined | ayer of nickel and
gold or with palladium These protective coatings provide efficient

prot ect i oAndth@Migtagilisnfifigh dhlerhed Bxéldatdlas phiting b€ pAREARLH oftdlchpseas -
Mor eover these coati n%s. are very thin so that disadvantages arising from an
i rregul arsurfagrst Ak umithich e of pafladigu Yieds best 6plderalpibty. Mifeer.do not occur .

[t s hougyar L SROYARLAIEMSCE BRI N6 OFARRIG, ALALECKL YRo ORI OS menti oned
are not unrestrictedly suited to bon oused Sem conductor conponents
that are glablisidcontict aelid on wited pikduittedrdsi $iacd the peiag dfSpallativnsisiiyteover not
possi ble to sol der__on&e nore a P,ri nted circuit board that has al ready been
subni t t edit £804t eytiized pymasgeediction though e

Formation of an organic protective coating of alkyl imidazoles or alkyl
benzimidazoles on the copper areas is much more advantageous than a coating with a
combined layer of nickel and gold or with palladium. These protective coatings
provide efficieﬁt protection from tarnishing due to oxidation of the copper surfaces.
Moreover these coatings are very thin so that disadvantages arising from an irregular

coating thickness distribution as with HAL layers do not occur.

It is however disadvantageous that the organic protective coatings mentioned are not
unrestrictedly suited to bond unhoused semiconductor components that are placed
directly onto printed circuit boards. It is moreover not possible to solder once more a
printed circuit board that has already been submitted to a soldering process, since the
protective coating is destroyed during the first soldering procedure. Also, the
advantage of a combined layer of nickel/geld and of a layer of palladium comprising
the capability of forming electrical contact areas on the printed circuit boards cannot

be realized with organic protective coatings.

In another alternative method the copper surfaces of the circuit structures are

electroless tin plated by way of charge exchange reaction with copper. But like the




protective coating is destroyed during the first soldering procedure. Al so,
the advantage of a conbined | ayer of nickel/gold and of a | ayer of

pal I adi um conprising the capability of formng electrical contact Rpppggen
the printed circuit boards cannot be realized with organic protective
coatings. In another alternative nethod the copper surfaces of the circuit

w £ h coppurgarTs hERS e MR 3bB8 o e R BRI EER Prgs - he
| ayers of talrighi®) FMrtRErBioke] ehed QI na herinfiCinaMiTadti@id mbRpM SRttieh sukfaedsher nor e,
t hey do not. permt panufacturing nultiple function surfaces as it is not
possi bl e ot BIOhPessible elcsi@blishcaifctiienh catads with hinspHacesrkayesf tiigyer s of tin

are sol d?oﬁﬁ%g%‘?e Qs;théyzﬁﬁégfge%\f&tg&iq%rfp@g?atrgjéir 8%‘:%‘5&'&"%; %mﬁﬁ@@%ldkﬁ ver

mul ti pl e sorderin an-only under “certain mting

condi t i ongeps|dan olyfbergeffefhat endaptertapPiisitile&ohditioRk & is ithReholeaper s for
swi tches and E}I[tug contacts. Known nethods are utilized in accordance with

t he requi Pessiblete make santagttlaxgis for sywHchegapdiPIEECORRHS | ow- end printed circuit
boards, a finishing layer forned is nerely qualified for sol dering
applications for exanple. For this purpose, the HAL nethod wll do. In the
event hi gRnewRincthodp tienititide Cinractidrdarive arithsharequirembsts rabwihactigi.gd which are
to be suited for bondi n% applications and_are to be provided with el ectrical
contact HpwHactydngeprendpradidsircan bamdra indehivg fayer oMt isa0g3ely| adi um fi ni sh

copper s dliiotdtBldbiote RpiERIGHR BunifRP ARl tilile, AN bl | 170 0
vol . 16, wibds IBthe&9em higiaqedityprintedisiradfieatds ard@dtteandmifachoediwhight i ght | y

adherent and | evel | ayers of silver on copper surfaces. The baths contain
armoni a, (s Sted forhonding 2elisafians AgEa forhs oV withsbsaiicplpomtack ont ai ni ng

silver br%@é A8 weHOH Latbinbd BRULT I LHREE oS LA MUY BERA litg was al so

t est ed. e SI ayver’s depols?dt1 e% Hggm tlﬁesg %%’l{ﬁs are i|gn I tled to rapidly
tarnish and turn dark. U S. Patent No. 3,294,578 discloses a method of
el ectrol elispllﬂlal?ttylort]gleaiodg Io% Xl?l}rlufggthgng layers of silver on copper surfaces have been

published:

J. Electrochem. Soc. India (1967), vol. 16, pages 85-89 compares various aqueous
baths for forming tightly adherent and level layers of silver on copper surfaces. The
baths contain ammonia, silver nitrate and sodium thiosulfate. An aqueous bath
containing silver bromide, sodium thiosulfate and sodium hypophosphite was also
tested. The layers deposited from these baths are indicated to rapidly tarnish and turn

dark.

U. S. Patent No. 3,294,578 discloses a method of electroless plating of silver onto
non-noble metals, such as aluminum for example, in which a solution of a silver
complex is employed the solution comprising nitrogen containing compounds acting
as complexing agents. Among others, the complexing agents suggested are
pyrrolidones, e. g. N-methyl pyrrolidone, amides, e. g. dimethyl formamide, anilines

and amines.

EP 0 081 183 B1 furthermore discloses a method of ELECTROLESS plating of layers
of silver or gold onto surfaces of non-noble metals. In this method, a non-noble metal

is contacted with a coating bath. The bath contains a metal complex that is obtainable




non-nobl e netal s, such as alum num for exanple, in which a solution of a
silver conplex is enployed the solution conprising nitrogen containing
conpounds acting as conplexing agents. Anpbng others, the conpl exi ngAPRIGNNS S
suggested are pyrrolidones, e. g. N—nethyl pyrrolidone am des, e. g.

di met hyl formam de, anilines and am nes. 0 081 183 BL furthernore

cur  aces B RUIR RDBREREE S V?ﬁ?%%%’ﬂ@“ﬂ%?% h B hiandl il fl, 7 ¢ O

cont act edhadictsibdarkeah Oﬂaalﬂ:ﬂ}: dbining A@oRPldy EEBPSr @oliELR| cofpraximx t hat i's
obtai nable 4 5 APR 2005 by reaction of a nonovalent silver or gold chloride

with hydrwhﬂsml@at@;bmqreasmmﬁmlh age apEOnEnsabls : anmices, eabcidsormides.ni ng a
Compl ex it add thY Sl Ol aohdicol I GRTRLENI DG, SEMNSAGGRL ed more

speC|f|ca11“F§/a urea and the

deri vat i v@sngoigdseRfwelNistHydeRarbbas, %ﬁl@g&&k&ﬂlydﬂidﬁﬁﬂdn@ e ldhespaREMS conpounds as
wel | as hydrocarbons, hal ogenated hydrocarbons, al cohols, ethers, ketones,

esters, cknianssyesices, arbexwlictacid Iugﬂwdsﬁulfmmonm@ﬁpdm M@Oﬂmﬁhﬁigcmé_r s copper
s i nd' Ca%‘blgdlca?lf:d t§{ %g%%frat%t § a'gﬁve? 1c§n 40u?ce Sﬁg‘?f c%?c#{d%e\;vr?g g(\)/Seelil chloride was

chosen. s are organic's Specifically

aprotic seppofiide Wlvéls ardloeganiteolvenist ﬂﬁofee%aélﬁcﬂgz dphéticCRnRXiiieh r eact i on,
i ke for ei;(arrpl e carbon tetrachloride and particul ar I[g acetone. WD 96/ 17974

Al di scl oxeines with seerdde thegiomplexing ispqtipey Lkl pragnipln cahen iesldeddof a

met al , nQﬁ%I%Rﬁﬁhgg%@éhX of coating the copper areas on the hole walls in
print ed circurt ‘copper being less electropositive than silver. For s

this purpose, the netal surfaces are contacted with an aqueous sol ution.
The solution contains silver ions and a nultidentate coaneX|ng agent and
has a ph M® ?@4&7%7&@130116@0&6.8arwezh%oflfgnmngﬁéﬂ&@rﬁﬁﬁ@a onythageriecs ddggest ed are

mor e Spech e ﬂ'lolré/ i 6t &Rl the ldBFpei R ECk LA HrPOX Y] T ¢ aci ds,
li ke for exanhp Wit r{:&?lof 1: acelﬁgc eac?%ﬁ,? et Ey?ene gé)a?r]il ne” t Ze[ raacetic acid,
di et hyl engrciiti bamdm,e:opmﬂ:amgdésseleaubpbsitiwhlyzﬂrsjbvyet‘ﬁbyihimdwdmenﬁe di am ne
tetraacetic aci d and JV N -tetrakis- z r oxy g 3 et hyl ene

metal surfaces are contacte with an aqueous solutlon The olutior ontal ilver

ions and a multidentate complexing agent and has a ph in the range of from 2 to 12.

the complexing agents suggested are more specifically amino acids and the salts

thereof, polycarboxylic acids, like for example nitrilotriacetic acid, ethylene diamine

tetraacetic acid, diethylene triamine pentaacetic acid, n-hydroxyethyl-ethylene

diamine tetraacetic acid and N, N, N°, N’-tetrakis- (2-hydroxypropyl)-ethylene

diamine, furthermore tartrates, citrates, gluconates and lactates, as well as compounds,

like crown ethers and cryptands. silver is deposited from these solutions by charge

exchange reaction. substantially, the solutions of preference do not contain halide

ions.

WO 96/17975 discloses a method of silver plating copper surfaces on printed circuit
boards, the method comprising first etching the copper surfaces, a lustrous, smooth
surface being formed in the method, and then coating the surfaces with the help of a
solution containing silver tons. The silver ions can be utilized in the form of the
nitrate, acetate, sulfate, lactate or formiate salts thereof. Silver nitrate is preferably
used. If need be, the plating solutions may additionally contain complexing agents,
such as e. g. amino acids and the salts thereof, polycarboxylic acids, e. g.
nitrilotriacetic acid, ethylene diamine tetraacetic acid, diethylene triamine pentaacetic |

acid, n-hydroxyethyl-ethylene diamine tetraacetic acid and N, N, N’, N’-tetrakis-(2-



diam ne, furthernore tartrates, citrates, gluconates and |actates, as well
as conpounds, Ilike crown ethers and cryptands. silver is depositeg f

t hese solutions by charge exchange reaction. substantially, the s “ﬁ%ﬂ@%s
of preference do not contain halide ions. W 96/17975 discl oses a nethod of
silver plating copper surfaces on printed circuit boards, the nethod

conpri si first chi the co surface a lustrous, snopth surface
being_foQ&SH“WB“?ﬁﬁﬁﬂBﬂﬁ%d@mﬁﬁﬁqﬁﬁ%ﬂ“@S%?ﬁﬁﬁﬁtﬂBﬂ§ﬁﬁ¥%€B@ﬁ§PE the help of a
sol uti on 1§QtRLOKWED as byIR comPBSnds I GbwH ethelsQE cE@adds. Utilized in the form

of the nitrate, acetate, sg?fate, |actate or formate salts thereof. Silver
nitrate is preferably wused. If need be, the plating solutions may

addi tion LR .conpl exin gent.s, . such q:.0. .am no acids and the
2ol ts endrebiSP ROl RN T e f e MRovig Mo BB i ot BB 201 o ot hyl ene
di am ne tsgifi@RCRpéGalBCdfPrinthdalifaiit BoEdS, Hhemmed p@ﬂf)ﬁﬁﬁ%ﬁmﬁzinﬁfﬁil@er

n- hydr oxyet hyl - et hyl ene diam ne tetraacetic acid and N, N, ,

N -t et r alof si{(e2 toths spbrees bp shargel peshppcopydtion @riny foeseddegingnT rday4roft her nor e

ke or onv @i EPER oy ShHGRRE R TBR o BT pifig Bl ERaF b 5007 "

i mpr ovi ngilvramsdizerRcakiplext Yheodilvepippeburcs priaels usebReivaldiyatef print ed
circuit boards, the method conprising applying a |ayer of silver to the
surfaces by charge exchange reaction prior to soldering. The |layer of

st ver | ol AR AR SORETHdNIuddA RS MDAl bl Bbldigheo! uti on
that contains a silver imdazole conpl®ex. e SilTverion source preferably
used i s sify@ingridercapger poivaed wiah siNes theasdtBobdndprkaDHrindhiihd nictdlat i ng to
JP- A- 06240463 di scl oses_a nethod of coating fine copper powder with silver
t he nmet hdgWEsBE miigt with A RfepophBlatiag splutigiiiaferontaifss Slyst ¢RBPlgk t h an

aqueous Rt figaBell fa0iRAY AOUAASY AN Slcbl Bl G AXtor Sk, o7 med by the

reaction of a sil e with a conplexing age r.

Addi t i onalddytjorialiy shisablutipn prefieretile cadithins a qulfiidd m3ing as uisfabileepastwelbasas a
stabilizer as we|l as a pH adjusting neans. JP 05/287542 A2 di scl oses an
electrolé§§i§@P$%%rﬁW§Fing bath that contains a silver ion

JP 05/287542 A2 discloses an electroless silver plating bath that contains a silver ton
complex as well as a reducing agent, such as e. g. hydrazine. As a consequence silver
is not formed by a simple charge exchange reaction with a less noble metal but by
reduction with the reducing agent. The silver ion complex used is a complex
consisting of a silver halide compound and a complexing agent. The complexing
agents used are for example anions of thiosulfate and of sulfite. The pH of the bath is

adjusted by means of phosphate.

JP (09/302476 A2 discloses an electroless bath for depositing a tin/silver alloy that
contains, in addition to non-cyanide compounds of silver ions, non-cyanide tin (II)

compounds. Among others bromides and iodides are utilized to stabilize silver ions.

Derwent Abstracts 1976-84390X relating to SU-A-501116 discloses a solution for
depositing silver onto copper surfaces, said solution containing silver chloride,
potassium ferrocyanide, potassium thiocyanate, sodium thiosulfate and ammonium
hydroxide. The solution has a pH in the range of from 8 to 10. The solution is

employed to coat finest circuit traces of copper on inorganic dielectric substrates.



conplex as well as a reducing agent, such as e. g. hydrazine. As a
consequence silver is not fornmed by a sinple charge exchange reaction with
a |l ess noble netal but by reduction with the reducing agent. THeAmM $gggr ion
conplex used is a conplex consisting of a silver halide conpound and a
conpl exi ng agent. The conpl exing agents used are for exanple anions of

t hi osul f gt,e_an f . sulfit T of ..th i j.ust ed by neans of
p_hosp_hate.hefltlgjc @%%?ﬁ%%luﬁg%ﬁ‘gﬂ%%erg{agﬂggﬂﬁg{}‘;ﬁtﬁlgg@%ﬁ%cﬁ?sﬁw epositing a
tin/silveyamhé et PRting 6ANE AlalGontdif acld didaW arldPrRApE%ATY Henggspounds of
silver ions, non-cyanide tin (I1) conmpounds. Anong others brom des and

i odi des atlgeriony. The solpdonstseiyee (¢ geat §njoy Hp alleyss AnDwg\odlers mirgtesact s 1976- 84390X

relating tp.SU- A 501116 discl qses._a, sol ution for . depositi silver onto
copper " suP Rigeetoadss Pt igARES AR ARG & e Bred B R HgBiaaet um
ferrocyaqﬁ@@mpﬁgf SebMrkdpeasypnat e, sodi um thiosul fate and ammoni um

hydr oxi de. The solution has a pHin the range of from8 to 10. The sol ution

is enployed to coat finest circuit traces of copper on inorganic dielectric
substrates. 6 5.APR 200 ical Abstracts Plus 1998: 314996 relating to
3P 1013088y f Bl RA deRE Bno N G el o e r O RS eSEnt ol i o
radi cal s (aBe4rfic€ SALEblaWEpIacA 6f fiREr oRb biffer.l DBfeat dlifbeF O el ONS serve to
coat tin or tin alloys. Anbong others nitrates, sulfites, chlorides,

br oni des complixingsaganid deseribedinte apedy hiodegradapla andpeeordinelicard to beifatedl s or
conpl exi ng bEGRELS tmpdce gl:?fr}e'eié%cYmnén@. IR dﬂre {tﬂél.eoaﬁ‘r“st&%%neﬂ SREploAR;  known
guaran

conpl exi ng "age Ver ions are use €€ serviceabl e

deposi ti ag3®1 @nlavesipromnid ergedippsiventdagll FathendfoRRareieds fohhode@npl exi ng agents
descri bed are poorly biodegradabl e and accordingly are to be rated as

havi ng arfmg§ 8n t he environnment. Furthernore the baths described in EP 0
081 183 Bl contain aprotic organic solvents and are therefore useless for
nodem nmanufacturing. For the production of bul k goods |ike for exanple
printed ok eiel produeana of bilk gbedsdikedot dxatpld fratted elaay-toarddsieis¥sadntialy sol uti ons
are to last w thout deconposing for several nonths,

that ready-to-use plating solutions are to last without decomposing for several months,

at least for several weeks. In many cases however, silver plating solutions proved not

to be stable over a sufficiently long period of time. The plating solutions were

observed to gradually darken due to silver deposition. Such solutions need to be

replaced after a relatively short period of time in order to guarantee stable

manufacturing conditions.

Therefore a main object of the present invention is to avoid the drawbacks of the
known methods and silver plating solutions and more specifically to find a method
and a bath of depositing silver by charge exchange reaction onto copper surfaces in
particular, the method and bath being ecological and posing no safety hazards for the
persons working with these baths. Most of all, the bath is to be stable without
decomposing over a longer period of time. Another essential object consists in being
capable of producing layers with good solderability on copper for example, the
demands placed on solderability corresponding to those placed for their use in the

printed circuit board technique.

The bath and the method in accordance with the invention serve to electroless plate
silver by charge exchange reaction onto surfaces made of metals less noble than

silver, more specifically to electroless plate silver by charge exchange reaction onto




at least for several weeks. In many cases however, silver plating solutions
proved not to be stable over a sufficiently Iong period of tinme. The

pl ati ng sol uti ons were observed to gradually darken due to silve
deposition. Such solutions need to be replaced after a relativegﬁp%ﬂ®5t
period of tinme in order to guarantee stable manufacturing conditions.

Therefore a main objgct .of..th resent invention is to.avoid.the drawbacks
of the  KRBIH HEEFSUESHEMERY b PPy B P A et o THPE a8 1 cal Ty to
find a mejBedin dRGas, Btk idxcHRROE driaNkastichMB1y Bducel By d@h@gehange reaction
onto copper surfaces in particular, the nethod and bath being ecol ogi cal

and posi rigchimgs afactign with dieasetpldp belseatehdrhssvenionkeontpingdiin theedls bat hs. Most

of all, the.bath.is . be stabl e ,without .dec Qs qver |.onger period
of 11 me. FRsTRLr B IRioRS R b BHEHL uE, RRR r EoRE b oabct ng
| ayers widohcgeady seldéenabididiby (08 @aePa) atPdisraih ehe prbcss.daernds pl aced on
sol derability corresponding to those placed for their use in the printed

circuit boeiakburfeehinibgeeated irecoreret walic leye ofsilyrsaniihthe sibvor geaiing omi t h t he

ont o sur e EF sl g R EhaE. Byl pd e o0 of U SR ENREE ATCE1 1 T o

el ectrol gagalduethée: Bite\Bitedis NBLEE cOXNENBNFR N KBAGTIHE0QARitGhe/reBoAPR 2005
copper surfaces. This signifies that the bath preferably does not contain

any redudk#fiionggdmt. In this case, silver is exclusively or at least mainly
reduced by a charge exchange reaction with the netal to be coated. The
silver ions contained in the bath, preferably silver (1) ions, are reduced

to met al I'Tie héthe®iccoidig tehainvémionangt pheidulady RgrveCIToHA bRy diiye oxi di zed
according to equation (1) and dissolved in the process. The netal surface
to be codoadngsdl sibves OB GORRCE FURER R SYistrale; ¢APeciplhy FAPPEHRIGLISr coating on

t he net al f . i .S state is
achi oved, P GG BDRSET) SRR oD B P e proch, AR e B Th st ver
i ons so tdraip, cheprigao®x soldeag! procese ndsndibherocetd) araas-doredhnigud mdtane i nventi on
nore particularly serves to fo&r&%rotective -

electrical contacts forming method. The mvention more specifically relates to the

manufacturing of pure layers of silver.

The bath according to the invention contains at least one silver halide complex and
does not contain any reduocing agent for silver (I) ions (AG+). The silver halide
complexes contained in the silver plating bath according to the invention are silver
complexes of the type AG, XM wherein n and m represent intergers and X is CL, Br

and . In generaln =1 and m = 2,3 or 4.

The method is perfectly suited to coat copper surfaces with a tightly adherent, lustrous
layer of silver. The layer preferably has a thickness of approximately 0.2 URN.
However, among others this value depends on the surface structure of the copper
surfaces and on the composition of the bath in accordance with the invention. The
rougher the copper surfaces, the thicker the layers of silver that can be formed. The
layer has neither gaps nor pores and, as a result thereof, it is made certain that printed
circuit boards treated in this way may be soldered and bonded without any problem
and that the connecting leads of electrical components can be readily mechanically
pressed into the holes in the printed circuit boards that have been contacted through.
Additionally, printed circuit boards that have once been contacted with liquid solder

can be soldered once more, for example in repairing the boards.



coatings of silver on copper surfaces on a substrate, especially copper
surfaces on printed circuit boards, to subsequently carry out at |east one
process selected fromthe group, conprising a soldering process, a bonding
process, a press-in technique and an electrical contacts form né ARBt

The invention nore specifically relates to the manufacturing of pure |ayers
of silver. The bath according to the invention contains at |east one silver
hal i de conpl ex and does not contain any reducing agent for silver (1) ions
(AGt+). The silver halide conplexes contained in the silver plating bath
accor di ngltisohdah®y prowided woinsuathdaysird efedilvecionpérmces meét dhtbe regqoe&its XM wher ei n
n and mr%present intergers.and . Xis CL, Br and |I. In general n =1 and m=
2,3 or 4.t ff‘k?éeﬁ‘égf‘?%yﬂ%mb%‘?‘i‘@é‘f“llé’oé‘mtle%lH“‘ﬂ‘E?'coat copper surfaces with a
tightly adherent, lustrous |ayer of silver. The |layer preferably has a

t hi ckness of approximately 0.2 URN. However, anong others this val ue
depends ohhdinexpeusivaess ctoostiigsvathodilvehis comppeble te thiat at gs tmnthgon t he
conmposition of the bath in accordance with fhe invention. Th ougher the
copper  SURPSRE<h SEE TR dRRTE4RNp et abpacyithsrss Mok peinds plcrd M. The

| ayer has, Rgiit%hi8RRIaRe bvoE @éatﬁag%icﬁ%séis Gl Mo_tr@ﬁfe%ﬂi‘caﬂﬂ;/,tsibllfér made

;
certain that printed” circuit boards treated in this way nma e sol dered and

bonded wi tdatings canyotbe abdceimsobkiadng hgtlictthenseohnked tftorpnderdppbatioheat r i cal
conponent s g}n pe readl[II% nmechani cal lX .ﬁ[essed ilﬂto the holes in the
printed CY_V?I !“ft B dhesh Ly e AlePioidad st ayery gme F%@‘ﬁ.’fesmﬁﬁ_i’&i:f‘? onal |y,
printed CiphGHif mRPAKEBe hﬂ%dﬁ@ﬁnﬁﬁ@%ﬂﬁ%ﬁh%@ﬁh&q AVebi@bbd @i sol der  can
be sol dered orice ore, for exanple I'n repairing the boards. 8 5 APR 2005 The

boar ds prasswaelbswi t h such | ayers of silver furthernore neet all the
requi renents that are customary in printed circuit board techni que. The
i nexpensi veness of coatings with silver is conparable to that of the tinning

process. PheShbed oif&e?bﬁhn%QM$'bﬁegppemsq)agamﬁahe@bfcmqhaﬁg%te%cmgy demands
pl aced on a nodern finishing |ayer even if coating thickness is small. Mre

speci f i catehgtiongictording teeprtipgd):cannot be used in sol dering applications only
but for bondi ng applications as

Cu+2Ag"— Cu™ +2Ag ()

The layer of silver can have a thickness of approximately 0.2 um. It protects copper
from oxidation. The silver surface moreover permits multiple soldering steps. The
layers are level and are also suited for press-in technique by which connecting leads
of electrical components are mechanically pressed into the holes of the printed circuit
board so that electrical contact with circuit structures is established. Even after having
submitted a printed circuit board provided with silver surfaces to vapour and heat for
ageing the board, solderability results are comparable to those obtained with a

classical HAL surface.

Furthermore demands relating to sufficient solder wetting are met with, even after
ageing was carried out under various conditions (see Table 1). Moreover, the silver
layers permit to generate electrical contact areas to manufacture switches and plug
contacts. It is furthermore not necessary to utilize hard (poorly biodegradable)
complexing agents for copper ions in order to avoid the drawbacks arising from an
enrichment in CU*' IONS and conSisting in that the layers of silver turn red in this

case and very rapidly oxidize under the influence of heat and humidity.



wel | . Furthernore, these layers are provided with a very small contact
resistance so that they may also be utilized for formng plug contacts at
printed circuit boards and at switches. The method of depositind &R 08F on
copper is based on the so-called charge exchange reaction according to
equation (l): Cu+2Ag' -.Cu2'+2Ag (I) The layer of silver can have a

thi Cknes%lffbaﬁpﬂra%éér%cglthholh%u{"\'?ent]Il(% R BEAVEE] SRl LA Agh 2t on. The

silver surtiace noreover Iayers ar e

| evel anCt;e&rc%d&io'ﬁﬂtlﬁlglrdi@dcdlﬁpr1@ﬁ§§1&atensdlﬁmhmk(£$uﬁatb)ﬁnﬂ\fde@s}‘atleéu’wfeCti ng | eads
of el ectrl cal conmpagnents are nechani call% pressed into the holes of the
print ed ?S@@fﬂtons %@rﬁ‘éc’@éh@clpﬁéh isgxgemelychiblc orlesemposiion 9 theldl ma¥be uct ures s

establ 1 SNl R 21d8pchaY bPme HATLLLC VAT hBhAY 16l Seble. RARG Provi ded

with sil vapour ai for ageing th sol derability
resul ts daretngcreplpegdaWierdas khédvws bathbtapidie desvimiposaio ialtaligifaal a siMer sur f ace.
Furthernore demands relating.to suffjcient solder wetti ng%are met with, even

after g@ilﬁtji afjd subssavgubly ParrPiidfRptallicsilgers the s aremding deteTapl e 1)
Mor eover, %&%oﬁ'a}evﬁremkgyﬁz{ e. A%E Thil &909&{?5‘{ Fﬁrﬁwﬂ] it g)t?éla&& areas to

manuf act ure SWi t ches - an cont act ren necessary to
utilize hhatdhc(ypdmompoimmdegpani&tmllg)ay nghtrplcemdngl;agmpmb]femofcopper ions in

order to avoid the dr acks aris from% enri rrent in CU2+ | ONS and
consi sti rf%ci’lﬁp?slﬁ%qn Gon 9@F"sn o I(\?éﬂeﬁiﬁ HHPBEH'?? ¥ pregentagdhe 5ng very

rapi dl'y oxhifig& Heidekpbdas, difhbt orGRt toaars%ahl%é#t t thednfludeR 2005 The

f
bath in accordance vm{)h the I nve ﬁ’pre f'erably does 'not contain any anion
sel ect ed dfilight. fHosvegern this isaotyeadiy pcgssmietwhﬁlﬂ}sn@ﬁoﬁwemmnallplmﬁmfdrat e and
derivati ves of th se nbon Thereforﬁlgbhe bath is extrenely stable to
toaai:

deconposi f524Re B%mF ey Brevenyipn ol fight Gpasirg woskyng8Y Fedtof time, over
ks or yGR VIRYEfp Qe RRcAon iU 0P EhAP ARl AREHotr WiEieas known

bat hs rapi deconpose to initially forma silver
Asa result thereof, this measure does not represent an adequate solution to the
problem arising here. The shelf life of the baths is only considerably prolonged by the
fact that the plating bath according to the present invention contains neither nitrate,
sulfite, thiosulfate nor derivatives of these compounds, like for example the acids and

hemiacids of these compounds, such as bisulfite, and organic derivatives, like nitro

compounds.

The bath solutions in accordance with the invention are furthermore stable to oxygen

originating from the air for example.

The bath according to the present invention is preferably aqueous. It may however
also contain other solvents than water, like organic solvents for example. However,
these solvents are to be avoided on account of their inflammability/ignition point and

on account of the problems arising in connection with waste disposal.

The bath contains complex compounds of silver chloride, silver bromide and/or silver
iodide acting as silver halide complexes. At least one silver bromide complex is
preferably contained. These complexes are formed by the complexing of the
corresponding silver (I) ions and halide ions by mixing a silver (I) salt in a solution

with a halide salt for example. Depending on the molarity of the silver (I) ions
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coll oid and subsequently precipitate netallic silver, the baths according to
the invention are extrenely stable. The analysis of baths with gﬂ?ﬁ?
conposition yielded that they deconpose nore specifically by Ii R 2000
Accordingly, the problemof deconposition could have been avoi ded or at

| east be mtigated by preventing the bath from being exposed, either

conpl et el r I e i pf ce. i.ght. However,
this is nc})[)fn%P %‘gdﬁé%y&fg%eg%ﬁﬁg?é&\?ﬁ@“@é‘i’fﬁé‘%’é%ﬁ@‘é%ﬁ“ﬁg{gmgﬁ‘%ﬁ% %H%PB treating
printed qim:cuit boards. Prevention of |ight exposure would in any event
require very conplicated constructional neasures for encapsul ating the bath
liquid. %8 a result thereof, this neasure does not represent an adequate
solution to the problemarising here. The shelf life of the baths is only
considerably prolonged by the fact that the plating bath according to the
present invention contains neigghen Xi-trad,.," sul fite, thiosulfaflp nor
derivatives of these conpounds, |ike for exanple the acids and hem acids of
t hese conpounds, such as bisulfite, and organic derivatives, like nitro
conpound J: i it i t] .are
furthern%pg;gﬁggﬁ%ngﬁg%¥§ggﬂﬁmggﬁgfﬁgkgﬁg&gg%%1 ﬁ%bgﬁpﬁ%%%(gggﬁp e. The bath
accor di ngoinpldxbe thr @eqiéx amvahit@refemblyrfofre na yClagind ouwCl;*), in they however

al so contain o@?er solvents than water, |ike organic solvents for exanple.

However , caseRfdhe kg ¢ the gprapley agions (haf preferahly Srmain e epbApbrs

inflammability/ignition point and on account of the problens arising in
connection with waste disposal. The bath contains conpl ex conpounds of
si |l ver cHlogprvdiee thd halide clamplekeke sitwed hoatats,i silversulfatedir dévea otdthige as si | ver

hal i de conpl exes. At |east .one silver. brom de conplex i.s . preferably
ot ai ned RS ctAMIERuY bR AP TYE Fifal BO b cgieren |
cor r espong|ifdoskitly & halobeh Bfa@0dinnAlorde: ét&@l%of%trf&r%iﬂi@g:. & BlbieAg (1) salt in
a solution wth a halide salt for exanple. Depending on"the nolarity of the
si | ver (Ifpr Z-3meolaOhabidgiHR aR@Q8cows selotiond camglcfantone theadby derncogothnd,  conpl ex
anions f %rrtgp:egs(? cras%l a%ﬂ)nts 8re e(::}'?aj‘t?ltylaf)sr(]) for(n%' é‘v)u'an the two species combined are not '
mixed in a stoichiometric ratio. The halide ion source is preferably utilized in excess.
In most applications, concentration of silver ions in the bath is adjusted to

approximately 1 g/l. The concentration of silver may range of from 0.1 to 20 g/1.

Stable silver plating baths in water are formed by employing silver halide complex
compounds that are dissolved in excess alkali halide. In such a bath, the quantity of
free silver ions (Ag") is driven back to such an extent that the charge exchange
reaction between copper metal and silver ions causes stable, tightly adherent layers of
silver to form. The baths are stable to acids so that the silver layers can be deposited
even though the bath has been given a strongly acid pH. As a result thereof it is
probable that transport of the copper ions away from the surface of the board is
substantially facilitated so that only very weak complexing agents for copper are

needed.

The pH of the bath is adjusted to a value in the range of from 0 to 6, preferably of
from 2 to 3.0, using acids or bases as pH adjusting means, such as for example the
halogen hydracids that correspond to the complex anions, viz. hydrochloric acid,

hydrobromic acid and hydriodic acid. To shift the pH to a higher value it has to be

made sure as far as possible that no base with a complexing constant for silver (1) ions
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e.g. AgX + n X' -* AgXn+1l" (1l) wherein the conplex stability increases in
the series O < Br <1. In the case of halide conplexes, the conplex anions
that preferably formare AgClZ and AgCl32-, in the case of the hrom des,
the conpl ex anions that preferably formare AgBr2 and AgBr32. Todpt8di®e t he
hal i de conpl exes, silver acetate, silver sulfate or silver nethane

sul f onat : 4@({@[ i M kal | .J r the

al kal i nefiségér?lh?ﬂ a |§§%¥er&!\ﬁnﬁﬂmﬁﬁgﬁll\%}e® %@ﬁ?i%ﬁ%sﬁitﬁggb%glﬁgect

st oi chi or@tespondial istvdreomplexds fonnevidgthesef @mplexBngmieas. Oatréspopding an aqueous
sol ution, conplex anions there formng in the process, These anions

pr ef erabl‘S’i‘f“&F CPE‘P}ﬁxmgéi?nﬁtﬁ%tS? i¥eets g@l@&?ﬂﬂ{l%@@ﬂ%ﬁtaﬁﬁw mxed in a

St oi chi Oglykffs! i RonEA i Sod ARSOErME1SPIRRh B4 AR! New okt &5 1 N
excess. nsr?osstﬁ}ap'pl(fbcgﬁ\ldbns, c%ncentratrlﬁgrn ’o]fj sllﬁf]ve‘%p’i%%‘g@:on the bath is
adj ust ed Itomdomppr oxi mately 1 gll. The concentration of silver nmay range of
from0.1 to 20 g(1. Stable silver plating baths in water are fornmed by

enpl oying silver halide conplex conpounds that are dissolved in excess

alkal | “hablid orloh iPatkdhich BInatb R HARIS! the Bhih thySBnBid YREr dcRBSs(A0%) 1S
driven back to such an extent that the charge exchange reaction between
copper neval. [apancgple \edlr knogmaninand esdsimlidrergdnigitidsyasadiileasemixturesyer s  of
silver to, for The, bat hs are stable to aci,ds so.that the silver layers can
be. deposi BT s SHEPROUUR hars BRI S Aspa0H: Deding cLvBRgrsMlEla ph s a
resul t thamefinbiuliage ofefRaR)8 hdddfs. transport of the copper ions away from
the surface of the board is substantially facilitated so that only very

weak conpl exi ng agents for copper are needed. The pH of the bath is

adj usted to al int range of fromO to 6 ref er abl . from2 to
30- et Suler EmBfe sl ol ceuRrdsdng e BEAES S Y livgipr e ¢ he
hal ogen Ryieh Bqilid SoltidratitieRt fHefB Melphifing BE1SABIILE Xhefive ayerY tZbe Nydrochl oric
acid, hydrobromc acid and hydriodic acid. To shift the pHto a higher

val ue it fharedmugde agfeeokenps apdpdray asepspibles sipeeeotherstiserimetsagle with a

conpl exi rl%ld%ﬁfl‘gs ﬁ%@édufrg fottd aYr%gdy( éallsej e fithisto 6QUR bare sites of the
copper surfaces. In this case, solder wettability of the entire surface would be
considerably impaired. Therefore, the silver layers deposited must usually be

relatively thick in order to meet the requirements mentioned.

To guarantee as far as possible that even a layer of silver with a reduced thickness
does not present any pores, the bath may contain at least one copper inhibitor in
addition to the silver complex compounds. By selecting appropriate inhibitors, pores
that still exist during the deposition of silver and that open toward the copper surface
are closed. During charge exchange reaction, the redox process at pores may be
facilitated by the fact that layers of inhibitors possibly selectively form on the
remaining copper surfaces. As a result thereof, deposition takes place preferably at
these sites. By employing such inhibitors, silver deposits on the copper surfaces can
already very well resist oxidation by oxygen when the silver layers formed are not

thick yet. As a result thereof, the required multiple solderability is readily achieved.

In an alternative and even preferred embodiment of the present invention the substrate
is contacted with a post-treatment bath containing at least one copper inhibitor. Such a
post-treatment bath can be applied after the substrate has been contacted with the

silver plating bath. Under these conditions interference of the inhibitor with the silver
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is utilized which is greater than that of the silver (1) halides since in
that case the corresponding silver conplexes formw th these conpl exing
agents. Corresponding values for conplexing constants for silver 53(PR 2005
indicated in: Critical Stability Constants, publ. Robert M Smth and2
Arthur E. Martel, Plenum Press, New York and London. Instead of or in

addi tion pﬁﬁlnﬁgﬁo{é@é B3r{be E%ﬂréﬁkh% uthdr Hin Pl g\nlpnf,a%l)/l&e(?ﬂlgqé DerRbVagle. aci ds as

well. In'pri own mneral aci anic acids as well as

m xt ures potssﬁblb@hlfce #tedinbibltbabilibloold thb siidfe exd@ptonohe Bﬁsatﬂilﬂsle;uﬁ@tdjs t he ani ons
of which are nitrate, sulfite, thi gsul fate or derivatives thereof. |In order
to nake ceEhi eEpesed tt%@e;ﬁ’Pi“’trifeéHn@t ailhiia PYaY gyl SRk Aed EIEHNEY sever al

times ichdiulibfthfhe oG BRU b REK ehnd [ABLLAGLIRY depigbl | 11y, Lhe

silver layers to or e ree o and pores as possi bl e,
si nce ot heldstabditpmall be nguireamabé\&araftagthasmadmrlﬁsbmﬂgrblctelrafdecaﬂky cause oxide
films to formon the bare sites of the copper surfaces. In this case,

sol der wettability of the entire surface mould be considerably i npai r ed.

Ther ef or erhetcﬁﬁlﬁ'lﬁﬁ{ﬁﬁork PhichSn Hﬁgt H%Uﬁ’édtii’n Be sitb&! tin ely thick in

order to neet e requirements nenti one uar ant ee as S possible
t hat - everbath dratg @rcooiposért wethe posthraatmen |bakhdir¢ puie Eelcabd s Sele(dﬁbﬁ‘omclhc present any

pores, the bath contain at |east one co i nhi bi tor addition to
the sil V&O%%mesg%ﬂﬁa@ﬁaéetmégﬂ%é Piiga %Bw%@l?sagsn%qm% le3ds,  pores

that stilgy %h%m%éﬂgygd}%xgggg%hhgge@f silver and that open toward the

copper surface are closed. During charge exchange reaction, the redox
process at pores nay be facilitated by the fact that |ayers of inhibitors

possi ny el ect the. remaj.nin opper surfaces. . As a result

t her eof , ‘5‘8%‘?1 1 yﬁﬂ&ﬁ%@ﬂ%ﬁ’ tgpg?ﬂmlijggﬁleg&fé%p%afa@ge oHle enpl oyi ng
such 'nh'stil’fﬁ&rlﬁz le§élin\g$ﬁe RPRAFIchSpe? that Hé‘d S&BQ%gh%h'éJ BE@S cfchihg al ready very
wel | resist oxidation by oxygen when the silver |ayers forned are not thick

yet. As aartp@ssmﬂnsmwnés)fo deph@t hustoerisdextraef silvex. By@dﬂmgrsablomelry |s readily
achi eved., aé?er nat ve g)ﬂ}gvez pref.erred nbodltrrent resent

i nvent i oﬁ léorgﬁ(b SlYe E}?g GHE A SR REPYRCA0 PSS Pagi- e eB%Ela}‘ler ont ai ni ng
at | east @RBy&ORNEKe lafdit Midvvery SH6MsAderMiEly. ThRahNBAHetbRhiRe€BN be applied

after the substrate has been contacted with the
means of a solder balance test.

In another preferred embodiment of the invention, the bath according to the invention
additionally contains at least one complexing agent for copper (IT) (Cu™") ions, like for
example ethylene diamine, alanine diacetic acid, amino trimethyl phosphonic acid and

1-hydroxyethylene-1, 1-diphosphonic acid.

By using copper complexing agents, formation of gaps and pores in the silver layer is
reduced. The charge exchange teaction is probably impeded by the fact that
particularly pores in the silver layer enrich with reaction products of copper
dissolution due to charge exchange reaction. The copper complexing agent obviously
serves 1o better solubilize Cu®* ions so that charge exchange reaction may proceed

more easily.
The bath in accordance with the invention may additionally contain at least one

surface-active agent, such as a polyglycolic ether or an alkyl amine polyglycolic ether

for example.

13



silver plating bath. Under these conditions interference of the inhibitor
with the silver 12 5 APR 2005 plating process is prevented. On the ot her
hand nultiple soldering is achievable, possible since the inhibiggpg

bl ock the surface regions on the base netal surface which are expose to
the post-treatnment bath via pores and gaps As a consequence oxi dati on of

t he base tals in these [re 1.ong ke o]
sol der ablfTE rypare Ffe WeioRt" Séiv‘@g%ma tlongfnn %‘Bgltgrsgetpéhﬁaggorbeen sol dered

once. Themgﬁ@pﬂmlmﬂhhﬁmﬁors mhlch may be used both as a conponent in the
silver plating bath or as a conponent in the post-treatnment bath are
preferably selected fromthe group, conprising triazoles, tetrazol es,

| dazol 65, #d Y LAFRLES B RHEL 3761 30t R BLEL RO @ ey  for

exanpl e beu 1Zzé& ors a perm to positively

i nfl uence\ctéleaenbﬁﬁaftme@ tief coldpex k. atherebfyerlaa\aﬁ&amgha@@nd ayRfue@fs copper
that had been roughened by the etching process. This permts to deposit

| ust r ous halgesn §Y@iﬁ01§|SP]\F§Pn amgyadderhyv i Srng| Abﬁlqﬁg,sﬂvqr,hqh@t} deposits o t he SI I ver
plating )QIE)L.“Thilssdc l)sﬁphcﬁ%%f k&S ag{llggggl% ‘g’gﬁf&{ntfnﬁ%’{ o b%%décﬁ)’l%r S

silver. ayers show very goo can be deternlned
by  meanscoaplex @ @hidhas @(ﬂﬁlﬂeﬁlesqueoﬁﬁoﬂinﬂﬁlhﬁﬁmhfgehembﬁd enbodi ment of the
invention, the bath according to the invention additionally contains at

| east one conpl exi ng agent for copper (Il1) (Cu2+) ions, like for exanple

ethyl ene sqlv%F{i.g)%sus%ﬁéHpg s%%ig&%tffoqn Bl &s%%&(ﬁ'&ﬁné i Hﬁﬁﬂyéntl%gﬁ&lﬂg@l ¢ acid and

1- hydr oxyet hy phoni ¢ aci ng copper conplexing agents,
f or mat i onemperg@ps lawet thar HEG Th¢ ﬂ@osﬂiloneaite qu;eads os thertetipeanre diitee char ge

exchange reaction is. probably the fact that rt| cularly pores
in the s.havb?ndioava?s%‘%ﬂwww %% 6’ﬁefﬁF16%|If8{P§f36‘Ffedwg§‘f I¥i ssol ution due

to Chargead@iéf‘e@ﬁ??%ﬁ@%ﬁh’e?& emeroﬁ.p%%rso@grrpl exi ng agent obviously serves

to better ize Cu2+ | ns so that charge exchange reaction may proceed
nore easily. The bath in accordance with the invention rmay additionally

contain alt"heI tlel%ls(}les(s) Pe%uired for the silver layer is reached in a very short time. A 0.1 to 0.6
um thick silver layer is deposited within 1 to 5 minutes. For this reason, the bath
according to the present invention is perfectly suited for horizontal production of
printed circuit boards. The choice of the acid and of the pH also determine deposition

speed.

To carry out the method in accordance with the invention an electroless silver plating
bath containing at least one silver halide complex and not containing any reducing
agent for Ag" ions is prepared and thereafter a substrate comprising metal surfaces to
be coated are contacted with the electroless silver plating bath according to the
invention. Usually, printed circuit boards are vertically hung and immersed into
containers provided for this purpose the containers containing the processing fluid
(dipping method). Alternatively, processing plants can be utilized in which the boards
are held in a horizontal position and through which they are conveyed in a horizontal
direction (horizontal technique). In this event, the processing fluid is delivered by
nozzles (spray nozzles, injection nozzles, flow nozzles) to one or either side of the
surfaces of the boards that are conveyed through the processing stations and guided
by means of appropriate conveying elements (rolls, clamps). In horizontal plants, the
boards may alternatively be conveyed in a vertical position along a horizontat

transportation path.
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surface-active agent, such as a polyglycolic ether or an al kyl am ne

pol yglycolic ether for exanple. 13 5 APR 2005 To prepare the bath in
accordance with the invention, the followi ng steps may for exanph &Pb&llh
performed: First a silver salt is dissolved in water. Then the resulting
solution is heated to accelerate formation of the conpl ex anion. Thereafter
an al kali halide and an aqueous hal ogen hydracid solution are added with
stirring. At first, silver halide deposits thereby. This deposit however

di ssol vesPragab Boamgtthecdpptd hefacantitigiBer, tie dppadaeticestdiecleasaphek ani on,

whi ch is sol ubl e in _aqueous solution, formng thereby. Silver deposits on
copper suiopghesed i s tadmprove ddbsstonrdithigiver Japes i e sebsiateaPdnasdy at

{eMper at U fikioh ARG HADS ARG oA leRdal kpxtAeLanRENIPRn e {emperat ure

of the ver 1 ofr concentration. g tenperature
i s pref erihik ¥ noadpsohiteld nt@ssary elough ifnhd beirdsange nof subjeeiodbafpeorfatde The

t hi ckness required for the silver layer is reached in a very short tine. A
0.1to 0.]@ndb!*§?%‘?rék5%‘qu\?%4nqgayer is deposited within 1 to 5 minutes. For
this reason, the bath according to the present invention is perfectly
suited for horizontal production of printed circuit boards. The choice of
t he aci d Hndedle, tHedhoptds atessubsteuentiy mesed epeaicve cemnaBipeddicahsing fluidy out t he
met hod in_accordance with the invention an electroless silver plating bath
cont ai ni n§OB{hq RBET YHACSSi | ver hal i de conpl ex and not contai ni ng any
reducing agent for Ag' ions is prepared and thereafter a substrate
conprising netal surfaces to be coated are contacted with the el ectrol ess
si | ver pl Biennthe wapper actaesangoighetdibby mpansmif b chemidaletth sglutpmi. Rered ci rcui t

boar ds artﬁ. vertical | punﬁ &nﬂ i mrersed .int.0 cont.a'hners Br.ovi ded for this
pur pose t @P&‘&}?ﬂs%i%@%’_‘ﬁ‘(?f A ?rﬁﬁuftﬂ@a%’rlB@EEEeﬁﬁgc‘fllt ?"Hf” PMapT BgY net hod) .
Al t er nat i y&lifize®1HKE ESxRBp R AR ébﬂihnpﬁerklkédié.ﬂﬁ% dolutidioz A chipygc boards are
held in a horizontal pOSIPIOﬂ and through which they are conveyed in a

hor i zont athloritlereédy sobriioghdftérAegatra¢nt wadiihé efgk polution,tthe boaed srinsed dicepr ocessi ng

fluid s I(Ijlgll’ﬁlp\{’l%li' ?odco%Yact with the silver bath.

Upon completion of silver coating the board is rinsed once more and then either post-
treated with the post-treatment bath, afterwards rinsed and finally dried or directly

dried without post-treatment.

The following examples serve to explain more explicitely the invention: Preparation

of parent solutions of silver halide complexes according to the invention:

Example A:

(.23 g silver acetate (solid) were added to a solution of 25 g sodium chloride and 3 ml
5 n hydrochloric acid in water. The volume of the solution obtained amounted to
approximately 30 ml. Then, the solution was heated to 60°C. A deposit that first
formed dissolved again. The concentration of the solution relating to Ag ions

amounted to 5 G/L.

Example B:

15



nozzl es (spray nozzles, injection nozzles, flow nozzles) to one or either
side of the surfaces of the boards that are conveyed through the processing
stations and guided by nmeans of appropriate conveying el enents (roﬁhpRA%S
clanps). In horizontal plants, the boards may alternatively be conveye n
a vertical position along a horizontal transportation path. 14 5 APR 2005
Prior to coating the copper surfaces with silver, the copper surfaces are

cl eansed @glg s RMEDEARMC WerOdigRIvedn I P EDRLRENE SeBbyfealeD o SOdcyver layers to
the substrate. An acid solution containing a surfacé-active agent may for

exanpl e b&hers édSfemilver sadliatsi (Ayid) werd ardded wildtstiameg IOnce the depesishagdr y t hough i f

t he boards. wer e pot bject to in opriate  handling prior to silver
coating. ﬁﬁsgo\ﬁ‘éeéidﬁ]ﬁé?ﬁ}ﬁﬂ Wt%(s)glrlxggﬁg?@ﬁﬁgé@ygﬁ%@onﬁaﬁé@d to renmove remmants

of cleansing fluid fromthe copper surfaces. Then, the copper surfaces are
roughened by neans of a chem cal etch solution. For this Eurpose, etch
sol ut i onsFingRY. the wleipsrwditlediug with wateguatil 200im! woareachese B¢ que may  be

utilized, L] ' i ' ate solution or a
cupric c¢ I%%ﬁgégépgﬁ%ggﬁﬁ@?gﬁaﬁgﬂ?2§gfgg%@ﬁ@%?8ﬁ#$ﬁbbﬁe etch solution, the
board is rinsed once nore prior to contact with the silver bath. Upon
conpletion _of silver coating the board is rinsed once nore and then either

post -t r edthed i bhdepesitesos execllent avahty fiem ithe hips Bienaied sateniioldioand final |y
dried or gﬁtB%?évkéﬁgwéaﬁgeﬂo@ﬁ%}éy%agt%ﬁ&fof bt BEYobic] Brafs0! | oW ng _exanpl es

serve to explain e exp e 1nvention: Preparation of parent
solutions of silver halide conplexes according to the invention: Exanple A
0.23 g silver i’:\cet ate (solid) were added to a solution of 25 g sodium
chloride EX#mBlenYs 5 n hydrochloric acid in water. The vol une of the

sol ution obtained ambunted to approximately 30 m. Then, the solution was
heated to 60C. A deposit that first fornmed dissolved again. The

concent r a2(bmi of a tdwtrabswllutianan siledrdmlidgednapléxesiconiaining 5 g/l of silver were

added to a solution of 208 g sodium bromide in 800 ml of water. The clear solution

was heated to 50°C and was mixed with 10 ml 5 n hydrochloric acid.

A printed circuit board etched with an acid sodium peroxodisulfate solution was
immersed for 3 min in this silver bath. A tightly adherent layer of silver with a coating

thickness of 0.5 um deposited onto the bare copper areas.

The silver plated copper areas were subsequently submitted to a solderability test.

Solderability was excellent.

Example 2:

30 ml/l methane sulfonic acid was additionally admixed to a silver bath with a volume
of 16 I prepared according to example 1. The bath was filled into a sprayer and the
temperature of the bath was adjusted to 35°C.

Printed circuit boards with etched copper circuit traces were treated in the sprayer.
Within one minute treatment time a 0.5 um thick layer of silver was deposited onto

the copper surfaces.

The tightly adherent layer of bright metallic silver showed excellent solderability.
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anounted to 5 G L. Exanple B: 15 5 APR 2005 128 g sodi um bronm de were

di ssolved in 150 m water and thereby heated to 60C. Then, 1.45 g s 4%3’905
sulfate (solid) were added with stirring. Once the deposit had disso

the solution was m xed with 10 m 5 n hydrochloric acid. Finally, the
solution was filled up with water until 200 m were reached. The
concentration of the solution relating to Ag+ ions anmounted to 5 G L. Silver
can be deposited in excellent quality fromthe thus prepared parent

sol uti onsEvanrmer uhe@mhmds:iryulcbmmSadbemmpamtaaﬂe@an agediOproodsbésr 4 ess nobl e

met al s. nple 1: 200 of . a neutral solution of silver halide conpl exes
cont ai ni H@j)“!‘ﬁ» &Fﬂ“@\“tysqfIW@FW%‘%W&%H&;EF}%CB a solution of 208 g sodi um broni de
in 800 mM of water. The clear solution was heated to 50C and was m xed with
10 M 5 n hydrochloric acid. A printed circuit board etched with an acid
sodi um peExmmpledul fate solution was immersed for 3 mn in this silver bath.
A tightly adherent |ayer of silver with a coating thickness of 0.5 um
deposited onto the bare copper areas. The silver plated copper areas were

subsequeng iy rail tﬁ@h% fg%nf @W Iﬁ,l?f g%leyldoh theDtwas a Iﬁ‘gﬁ&%f( fa/fldt %()Oeefaals

excel l ent. Exanple 2: on| c acid was ad nal Iy adm xed
to a sil mhvemntkng/baulhplapamcﬂ acverdind tollxampde par ed according to exanple 1. The
bath was filled into a sprayer and the tenperature of the bath was adjusted
to 38C. Printed circuit boards with etched copper circuit traces were

treated ig F}é%mgrmany et)éﬂédmog% rp@at@mygi@vetr gﬁa@édriﬁ@!ndtvamefoﬁz Bhip atyn t hi ck

| ayer of silver was dep05|ted t he copp surfaces. The tightly
adher ent tempemtusf ofo35° @h'fhﬂrrbyaldfﬁdvmwassémghheﬂmlf extlbtrarst sol derability. 16

Even after 4 hours of ageing at 155°C and after 4 hours of vapor treatment, the layer

showed exceptional solderability.
Example 4:

0.03 mol/1 ethylene dtamine (copper complexing agent) was admixed to a silver bath

prepared according to Example 2. The pH was adjusted to a value of 4.0.

During the deposition of silver, copper was continuously dissolved so that the

concentration of Cu®' in the bath continuously increased.

Even with a concentration of Cu”" of 1.0 g/l, the silver layers did not show any flaws.
Such flaws, which consist in that the silver layers turned red and very rapidly oxidized
under the influence of heat and humidity, usually occur when no complexing agent for
Cu®* is used. The bright silvery layers showed good solderability.

Examplé 3:

0.05 mol/1 1-hydroxyethylene-1, 1-diphosphonic acid were admixed to a silver bath
prepared according to Example 2. The pH was adjusted to a value of 3.0.
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5 APR 2005 Even after the printed circuit board had been submitted to an
agei ng process for 4 hours, the quality of solderability was not reduced.
Exanpl e 3: A surface-active agent (alkyl am ne polyglycolic ether) EﬁﬁPRFMS
adm xed (100 MZ 1) to a silver plating bath prepared according to anpl e
1. Apreviously normally etched copper plate was silver plated in said bath
for 2 mn at a tenperature of 35C. The | ayer of silver was bright, silvery

and | ust rpdsu Eﬁﬁ&u@«flﬁgﬁ cﬁnc@ﬁt‘r'zit%nQTf @febingo gh tié@iﬁ;feaweﬁsfcﬁ@hmﬂshb&urs of
vapor treatnent the layer showed exceptional solderability. Exanple 4:

0. 03 nnl/@n@ﬂ$wﬂene di am ne (copper conpl exing agent) was adm xed to a
silver bath prepared according to Exanple 2. The pH was adjusted to a val ue
of 4.0. During the deposition of silver, copper was continuously dissol ved

so that then feNEAMY BHeh @ﬁbrﬁftte@@@dn aghﬁ%h;ﬂob@& th @1@ Rhpdruséoprdineioceased. Even
with a concentration of 2+ of 1. the silver |layers did not show any

flans. SHEEh6G-R-2L4 h\@|93Wﬂ@%§)sthe|SHVQIH@3t6f stilb skawedegoofl a9ldergbiliflt.ned red and
very rapidly oxidized under the influence of heat and hum dity, usually
occur when no conpl exi ng agent for Cu2+ is used. The bright silvery |ayers
showed gopghmpleder ability. Exanple 5: 0.05 noll 1-hydroxyethyl ene-1

1- di phosphonic acid were adm xed to a silver bath prepared according to
Exanpl e 2. The pH was adj usted to a value of 3.0. 17 5 APR 2005 Even upon

achi evi ngl ?gg EZ%EH%%IC (?({)}J I}gﬂ)ﬂ% JIS a%ngx%{to d Shhgl' t?alﬂjl r%éare@yer s did not

show any aVI I’l een submtte el ng process in

t he vaporadcesiingao Bxaaiple. Upon kE@r@&t&gZﬂ’pﬁﬂteh c@lﬁﬁﬁbahﬂlﬁ@m thike silver |ayer
still showed ?ood sol der abi | i tIy r’r?l e 6:
electrolyte at 35°C for 2 min, solderability tests were performed with and without

ageing.

All of the known tests (vapor test according to IEC 68-2-20 (4 h @ 98°C- 100°C), dry
heat according to IEC 68-2-2 (72 h @ 70°C, 96 h @ 100°C), humidity according to
IEC 68-2-3 (4 d (days), 10 d, 21 d, 56 d @ 40°C/93 % relative humidity) and heat
according to IEC 68-2-67 (168 h @ 85°C/85% relative humidity, alternatively
40°C/90% relative humidity) as well as migration tests according to IPC-TM-650 No.
2.6.14) were performed. Furthermore, solderability tests that are relevant for practical
application were performed with a solder balance, by means of which the wetting
force in the solder is measured, and assays for ascertaining the soldering behavior
with reflow soldering and wave soldering were completed. The results were positive

and met with all of the requirements of printed circuit board industry.
Example 7:

A mixture of 0.6 g/l benzotriazole and of 0.4 g/] tolylbenzotriazole was admixed to a
silver bath prepared according to Example 5. The pH was adjusted to a value of 2.0.

The layers of silver that deposited from said bath at 35°C during a coating time of 2
min were very homogeneous and yielded excellent values in all of the solderability

tests.

Example 8:
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1.0 g/l benzotriazole (copper inhibitor) was adm xed to a silver bath
prepared according to Exanple 5. Upon silver plating of printed circuit
boards fromthis electrolyte at 35C for 2 min, solderability test§ARBri805
performed with and without ageing. Al of the known tests (vapor test
according to I EC 68-2-20 (4 h @98C-100C), dry heat according to JEC 68-2-2
(72 h @70C, 96 h @100C), humdity according to |EC 68-2-3 (4 d (days), 10
d, 21 d, 56 d @40C/ 93 %relative humdity) and heat according to | EC

68-2- 67 (3p6% dodiEh8BGChBE& ARt MethBrsRidbdaye atahtagionat d gﬂ@.}aYent L90% rel ative
hum dity) as well as migration tests according to I|PC-TM 650 No. 2.6.14)
were per ff%sg e drsefplvﬁﬁbmwg todenmy bt abt Flﬂlf)ﬁoivé'@tls'f hepld obthe splatiey ¥t f or

practi calad tb%@tqyolﬂe;}?ﬁ ngmdjqné/\ﬁcti@ a sol der bal ance, by neans of

whi ch t hé e ting orce |n e SO I'S ‘measured, and assays for
ascertaining the soldering behavior wth refIOM/soIderlng and wave

sol dering were conpleted. The results were positive and met with all of the
requi r emehPERISH cpeyibkeagd plertgsgied laaéﬁoadqnﬁwstﬂqﬁlgﬁ condHinns 8IVER N i xture of 0.6

g/l benz f I 0 a silver
bat h pr egéa){ é;%grgg%ﬁegiwghéx Ptﬂ%gya 'ré?ﬁc@f;%’:{_{d\ﬁgé&a jusfaegﬁj%Tl h)é%gi/a}al ue of 2.0.
The | ayerwitlothe afdremaéntionad smeppmtmgdolﬁﬂmmtsaeﬁipmmlﬂe aft S(BECGodRkiiNg a coating

time of 2 mn were very honpgeneous and yi el ded excellent values in all of
the sol debhgdiopyd yas therstigsed ER‘égrﬁ?‘g 8: 18 5 APR 2005 320 g sodi um broni de and
silver methanesul fonate at an amount equivalent to 1 g Ag' were dissolved

in water to form1 1 of a clear solution. The pH of the solution was

adj ust ed A dgRilpadigringsiher biyenetdibnacd Uit onickneacofthe éilmilaybedras:i rcuit board

pre-tr ea din ccor gﬁggé‘é eﬁ t he coggl tions gi ve:i;-]7 Exanpl e 1 was coat ed
with sil Fe"a‘Hl [HEmg UQIERCPIRE “890% &4yt he board with the
aforenentioned silver plating solution at a tenperature of 50C for 2 mn.

Thereafter the printed circuit board coated with the silver layer was subjected to a

soldering test on a wave soldering plant in order to examine solderability of the pads

and of the through holes of the board. All pads proved to be wetted with molted solder

perfectly. The through holes were wetted and filled with solder completely (100 %).

Thereafter the bath solution was put aside and not used for 3 months. During this time
period the solution was exposed to light including sun light. After this time the bath
solution still proved to be a clear solution without any precipitation. The silver

concentration in the solution was still found to be 1 g/l.

A further printed circuit board was then prepared under the pre-treatment conditions
given in Example 1. Then the board was silver coated in the aged plating solution
using the same conditions as before. Thereafter the printed circuit board was rinsed
and then dipped into a post-treatment solution containing a copper inhibitor and
having a pH in the range of from 4.0 to 5. 0. The board was treated in this solution at

a bath temperature of 20 to 30°C for 1 min.

Thereafter the board was rinsed and dried. The board was finally subjected to wave
soldering. The same result was obtained as before: The thickness of the silver layer
was the same as before and the same held true for the functioning of the silvering
bath.
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The board was then rinsed and dried. A tightly adhering silver
fornmed. The thickness of the silver

fl uoresc

ence) .

coated with the silver

sol derin

t hrough hol es of the board. Al

g pl ant

| ayer was
It anpbunted to 0.27 um Thereafter the printed cir
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in order to exam ne solderability of the pads
pads proved to be wetted with nolted sol der

det er

| ayer was
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i ncl udi ng
cl ear
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then pr epakedidgndélie pro@npin@eitiodadisvhntd baoii i iRbHorged/gntoibd dschnpd € 1. Then

the board was silver coated in the aged plating sol ution
condi t i on@ thi§ apRlicatien asiedh-eafter the printed circuit board was rinsed

usi ng the sane

and

t hen di pped into a post-treatnent solution containing a copper inhibitor and
having a pHin the range of from4.0 to 5.0. The board was treated in this

was t he

silverin
i nventio
skill ed

t he appe
accordin
di scl ose

sol uti on "BiblesAgdhdcdraitpes &d detendhe &0ddrabiBOC for 1 mn. Thereafter the board
was rinsed and dried. The board was finally subjected to wave sol dering.
The sane result was obtained as before: The thickness of the silver |ayer
san hebpreTandpiEsane el dErgEadey the Tufg: mg—of the
g Egﬁﬁé ?8 5 APR 9%%??&].hough pFe eP?%h en odlnen?gﬂbf t he
n ar etahdsdr i begd herein in detail, it will Dbe understood by those
in the art thatl variations may be rmrié: thereto within the scope of
ndbdeeplahesting Thi s i 981 Bdes thht any ednbi natli on of 4tthe features
(o] tqc&ﬂﬁmﬂ&esent i nvention disclosed herein|is incorporated as to be
d in this appliication as wel Tabl e: Ageing conditions to
determ ne sdEd=8&bL2lity. dry heat 70°C, 100°C 72h,96 h
IEC 68-2-3 high humidity 40°C, 93% relative | 4d,10d,21d, 56
humidity d
IEC 68-2-20 vapor test 98-100°C 4h
IEC 68-2-67 high temperature, | 85°C, 85% relative 24 h
high humidity humidity
IPCTM 650 Surface insulating | 85°C, 85% relative 168 h
No. 2.6.3.3 resistance humidity

45-50 volt d. c.
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I nt er nati onal Descri ptionCondi ti onsDuration standard Internal Testingdry

heat 155C4 h Conditions | EC 68-2-2dry heat 70C, 100C72 h, 96 h I EC 6842xpRhjggh
hum di t y40C, 93% relatived4 d, 10 d, 21 d, 56 hum dityd | EC 68-2-20vapor

test 98- 100C4 h | EC 68-2-67hi gh tenperature, 85C, 85%relative24 h high

hum di tyhum dity | PCTM 650Surface insul ati ng85C, 85%rel ativel68 h No.

2.6. 3. 3re‘s.4i| shtngncehun‘i dity 45-50 volt d. c. 20 5 APR 2005 Cainms: 1. A bath
for el ectrol 885 plating of silver onto netal surfaces being | ess noble than
silver by way of charge exchange reaction, the bath containing at |east one

silver halide conplex, the conpl exing agents thereof being halide, and not
cont ai ni n& any bathdige plagiredgs matingof gigver gRte metal spefacesheredesdiobleng to cl ai m
1, wherei ' ' I3 [ Holyy| : 3. The
pat h acoordy i 5V 4RY cEfud e e AL B e back o AN G LHBRR hath i
adj ust ed halide combleg, tha coinplexmggegeint tHercolibéing halfde, dnd ddteotainingaror ding to
any of the previous clains, wherein the bath does not contain any anion

sel ect ed ¥edBbeing peenyfgdME i%8bnprising nitrate, sulfite, thiosulfate and
derivatives of these anions. 5. The bath according to any of the previous

clainms, wherein the bath additionally contains at |east one copper
i nhi bi tor2. The bath according to claim 1, wherein the silver halide complex is a silver

bromide complex.

3. The bath according to any of the previous claims, wherein the pH of the bath

is adjusted to a valtue in the range of from 0 to 6.

4. The bath according to any of the previous claims, wherein the bath does not
contain any anion selected from the group, comprising nitrate, sulfite, thiosulfate and

derivatives of these anions.

5. The bath according to any of the previous claims, wherein the bath

additionally contains at least one copper inhibitor.

6. The bath according to claim 5, wherein the at least one copper inhibitor is

selected from the group, comprising triazoles, tetrazoles, imidazoles and pyrazoles.

7. The bath according to any of the previous claims, wherein the bath

additionally contains at least one complexing agent for Cu”* ions.
8. The bath according to claim 7, wherein the at least one complexing agent for
Cuvions is selected from the group, comprising ethylene diamine, alanine diacetic

acid, amino trimethyl phosphonic acid and 1-hydroxyethylene- 1,1-diphosphonic acid.

9. The bath according to any of the previous claims, wherein the bath

additionally contains at least one surface-active agent.
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6. The bath according to claim5, wherein the at | east one copper inhibitor
is selected fromthe group, conprising triazoles, tetrazoles, in‘idasc\ﬁe

and pyrazoles. 7. The bath according to any of the previous clains, §r@p5r1
the bath additionally contains at |east one conpl exing agent for Cu2+ ions.
8. The bath according to claim7, wherein the at | east one conpl exi ng agent

for Cuvigns ig n%ﬁ{é)g. ek b0 hivh f%g r Sﬁg?fsﬁgﬁﬂ.aﬂd?ﬂic@st@y\gfﬁggf Ghaf0 Ne.

al ani ne di acetic i amno trimeth oni ¢ acl
1- hydr oxyeatimnpe neetidn the diapdl of dteonétel sacfiacks bBingTess noblchhacsibeditieg t 0 any of

the previous clains, erejn.the hath additionally contains at |east one
surf ace- dE?tﬁ?fgc%ﬂgﬁqgm@if‘giow ’?@g‘?df@PS'A met hod of el ectrol ess plating of

silver onto netal surfaces by way of charge exchange reaction the netal of
the metal surfaces being | ess noble than silver, the nethod conprising the
fol | owi ng net hod stpegmring an peepaeissgvarplalngdiattotamsdnisg lat/least phat i ng bat h

containing at least .qone ilver halide conplex, the c exing agents
t her eof being SH&?@HB,& ‘é%aﬁ’&ttﬁe CORRIEHIAG ﬂ%er;’gsn@e’iﬁg %?%ga%eﬂ’td ‘g)br Ag ions;
and b. cont actdRQidnSHRSLAREE: NeBMiodad ivhd h said nmetal surfaces with the
el ectroless silver plating bath. 11. The nethod according to claim10,

wherei n the sidnder halide conplex is a silver bronide conplex. 12. The
met hod according to any of clains 10 and 11, wherein the pH of the
el ectroless silver plating bath is adjusted to a value in the range of from

0 to 6. 13. The nmetdpdc@eCos@ide bRvalky vath Glembm] ke s teherein the
el ectroless silver plating bath does not contain any anion selected from

t he group, corgacirelesysilyet platieg batkul fite, thiosul fate and derivatives of
t hese conpounds. 14. The method according to any of clainms 10 to 13, wherein
the nethod further conprises the nethod step of contacting the substrate

with a pogt- tTiRakéRO adedidihg to claim 10, wherein the silver halide complex is a

silver bromide complex.

12. The method according to any of claims 10 and 11, wherein the pH of the

electroless silver plating bath is adjusted to a value in the range of from 0 to 6.

13.  The method according to any of claims 10 to 12, wherein the electroless silver
plating bath does not contain any anion selected from the group, comprising nitrate,

sulfite, thiosulfate and derivatives of these compounds.

14.  The method according to any of claims 10 to 13, wherein the method further
comprises the method step of contacting the substrate with a post- treatment bath

containing at least one copper inhibitor.

15.  The method according to claim 14, wherein the at least one copper inhibitor is

selected from the group, comprising triazoles, tetrazoles, imidazoles and pyrazoles.

16.  The method according to any of claims 10 to 15, wherein the electroless silver

plating bath additionally contains at least one complexing agent for Cu*" jons.

17.  The method according to claim 16, wherein the at least one complexing agent

for Cu® ions is selected from the group, comprising ethylenc diamine, alanine
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containing at | east one copper inhibitor. 15. The nethod according to claim
14, wherein the at | east one copper inhibitor is selected fron1th§Aﬂéﬂmg,
conprising triazoles, tetrazoles, imdazoles and pyrazoles. 16. Tht d
according to any of clainms 10 to 15, wherein the electroless silver plating
bath additionally contains at |east one conpl exing agent for Cu2+ ions. 17.
The net hod. agcor.ding to. i 6., Wherein th t least o conpl exi ng agent
for Cu2+ dlclj%:ﬁgc ii%g’sae Ié%ﬁ élﬁétﬁlgﬂ r?%%%hé)mﬁraggfpa,ndclé%ﬁﬁ?@feﬁg?eeqeh;lj’ﬁ'ene di am ne,

al ani ne %%ﬂ@ﬂﬁﬁﬁkaﬂﬂﬁ di acetic acid, amno trinmethyl phosphonic acid and

1- hydr oxyet hyl ene- 1, 1- di phosphonic acid. 18. The nethod according to any
of clainms 10 to 17, wherein the electroless silver plating bath

addi ti onalgl y i ’ - a6t ] . t hod
accordingsto gﬁe%%¥ﬂ%%%%%@ﬁ%ggfgyﬁgag%kgﬁgpﬁgthﬁgﬁgﬁggggﬂ%ﬁg%gggmggnprise

st ruct ur ggatimedatlf ddditiopePppedntaizOat IddR3eonubfack-aaendemng to any of clains 10 to
18, wherein electroless plating of silver on the netal surfaces conprises
form ng protective coatings of silver on copper surfaces on printed circuit
poar i 2, Whaielofa gl 0P EPGRRR RALAS Sl bR HIR) sGrQue, compri sing
a sol deri'ng procéess, a ondﬁng ocess, a preés-lnlﬁec nique and an

el ectri cabmpeisd @nicturésahindefgoriedbpped, |s subsequently carried out on the

substrate. 23
20.  The method according to any of claims 10 to 18, wherein electroless plating of
silver on the metal surfaces comprises forming protective coatings of silver on copper
surfaces on printed circuit boards and wherein at least one process selected from the
group, comprising a soldering process, a bonding process, a press-in technique and an

electrical contacts forming method, is subsequently carried out on the substrate.
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