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1 _ SI LVER PLATI NG I n the production
of a printedWO268d9% board (PCB), in 5 a first (nul ti-step) perapeseesioar e
board" is prepared and in a second (nulti-step) stage, various
conponents are nmount ed on the board. The present invention relates to
t he final steps in the manufacture of The bare board, in which

the bare board is coated with a protective |ayer prior to 10 passing to

t he second production stage. = There are currently two types of
conponents for . attachment to the bare boards in the second stage:

| egged conponents eg resistors, WC and, nore

recently, surface no evic [of0) nents are.1 ed.to
the board by passing é‘aﬁﬁ ?‘i‘écﬁ’%?fg%?h?o?gﬁ‘ & & g?ﬂ gh b dMand
subsequent | $ ensaufiingtt r(anllttiiesltepe stageaaotibare rhoa:s'y' ids fptépai'ed tamd

| der . Sur f d
oLy, 2 WM, BRASERS Niaioley iR Bkpshingh,

derlng W t at co fa or y ad on using an 20
adhesi ve. mounﬂ pnethﬁrma%cl-ag eapm eicsw.mtstpngra ates

| ayer, a COHdUthiﬁﬁlClst@bBt 1RAthe! BamiEhEnRl G thePbife boardtﬂdimrwhlch

vt na more.  haFHohPaken A g o coRuel V4R § preraltiit RS AR se..

i nsul ating10 ayep_assimq ey the secondr pgeduqtionsetwcng | ayer and one
conducting circuit - pherat hgln- currently t%e g%thESﬁ Shents o ed

formthe g0 abkaqhpegt Hp the BaFedseatns °”d2=§wpa%s IPRbE
attached in the colporoaros osqrpa'utsmsa,chm:\aﬂayts aratc and, more
recently, surface mount devices. Legged components are
15 attached to the board by passing each of the legs through
a hole in the board and suhsequently ensuring that the hole.
around the leg is filled with solder. Surface mount
devices are attached to the surface of the board by
soldering with a flat contact area or by adhesion using an
20 adhesive. : : :

In the first stage, a board conpr:.sing an insulating
layer, a conducting circuit pattern and conductive pads
and/or through-holes is produced. The board may be a
multi-layer board having more than one conducting circuit

25 pattern positioned between insulating layers or may
comprise one insulating layer and one conducting circuit
- pattern.

The through-holes may be plated through so that they

are electrically conducting and the pads which form the
30 areas to which the surface-mount components will be

attached in the subsequent component-attachment stage, are

also electrically conducting. |

The conductive areas of the circuit pattern, pads'and
through-holes may be formed from any conductive material or

35 mixtures of different conductive materials. They are
' generally however, formed from copper. Since over time,
copper tends to oxidise to form a copper oxide layer with



al so electrically conducting. - The conductive areas of the circuit
pattern, pads and t hr ough- hol es nmay be forrred from any conductive

mat eri al Orw@%gn7e7k Xt ures of different conductive materials. poriisiéndé®s
general I'y however, formed fg _rﬁ copper.. Since over ¢ copper tends
to oxidise to form a copper oxide layer with V\D 96/ 17974
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sol derability, prior to pass_l_ng to the second, .., -conponent-attachment
stage, a prot edwe shgaraby: edprioroyvte tn@sm &R/ dhe hiseggmdiol e
areas where i todipdiferit-afttachrdht! eé*@édjb soa dsfaééétwet PapepVaat cfo%@at I On

f ly 5 | der abl face |
Chere is more @ S°t8we 7 $00/5F e dughipte d2ea iheEs s gesified o

nost wi dely uses pebtmsselderabilityratongrehenbaterhaaudn of lanpoordy t he
"sol der k o y Holely qﬁﬁc‘h Such a board
3 é’ﬂderabl@aétﬁ' q%X)nde froregl asslq%a

general ly 10 conprises an epox er clad gon one or
both sides with corWhiElstycthexe is more than gne; Hay,&9rd Preparing the g

nul ti-layer bopafehboapdsyl onenase cnadm:tstvaudely | aged s p%bﬁbs@ﬁrfmdzse
Genor al 1 et kY 488 o&ke Hoaras B Fodyp a8 TRE Helonlital Bl Gver”
techni que, suchare ¢°aPB§ard3¥‘93§bt Alechnigwe.hol Suchra doarde generaly
boar ] JOTE s ool suksitank 14143 A e o
pl ating pr oces§°5\ﬁ|%‘€f‘k g#’[ §°§88853 ‘?ﬁ?%’?ﬁb}l t hgeﬁﬁrall!}x{ |€’é¥§’9ﬁrd( he
board: both onwib2 bepex Mti-slmfa:eboazld havingn aillternateugondioctive
surfaces. layers which comprise circuit pattern, and insulating
layers. The conductive material is generally metal foil
15 and most usually copper foil. In the SMOBC technique, such
a board is obtained and holes are drilled into the board -
material using a template or autonmated drilling machine.
The holes are then "plated through” using an electroless
copper plating process which deposits a copper layer on the
20 entirety of the board: both on the upper foil surfaces and
on the through-hole surfaces. .

The board material is then coated with a 1light
sensitive film (photo-resist), exposed to light in pre-~
selected areas and chemically developed to remove the

25 unexposed areas revealing the conductive areas which are
the plated through-holes and pads. Generally, in the next
step, the thickness of the metal foil in the exposed areas
is built up by a further copper electroplating step. A
protective layer of an etch resist, which is usually a tin-

30 lead alloy electroplate composition is applied over the
exposed and thickened copper areas.

The photo-resist is then removed exposing the copper
for removal and the exposed copper surface is etched away
using a copper etching composition to leave the copper in

35 the circuit pattern finally required.

In the next step, the tin-lead alloy resist is

stripped away.




The board material is then coated with a |ight sensitive film
(photo-resist), exposed to light in pre- sel ected areas and chem cal ly
devel oped t INOSMTING4t he 25 unexposed areas revealing the coPCUGBSN28Z6 eas
whi ch are the plated through-hol es and pads. Cenerally, in the next
step, the thickness of ‘the netal foil in th exposed areas I's built up
by a further copper electroplating step. A protective |ayer of an etch
resist, which is us e itiogn is
appl i ed over the Lg‘“ex%g%% an%g'.f% ‘Lﬁe@é%eéegéégg&a{:g ERHDQB PRRR
phot o-resi st i sCireplt &meéﬁoésngepﬁeabbxmly necessanme tovebatinthe he

exposed copper goideEcrds St€dEningyBhe comymsao%&p%eekg‘?gg ~hole

co 05|t|ontole ve fhe co the circuit pattern

r egE| red. 41 sgg?%' g?’épfg“’f fEaces-| Splder dﬁF’r’%éﬁsp‘FEeRre
stripped aviy. applz.ed\/llb dfhel HOALd to protect the areas where the solder
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in
conmponents w 11 ?1?)% ajf ac‘:‘h (e)qvfx%red, for ex§m81e u?‘“ﬁ ac?esg FeeRs
general ly only ne%e’s myprecesat oshephoto-%m fepchniqusi fiollowed by

conponents ove rd&{?emﬁnm hari®, Q:ptionai'l? Bﬁﬂiﬁéeasrlﬁlteﬁﬁséd" 2oppagcat

Sol der mask is heref o) r ot ect he ar
where the sol de aﬂrﬁé’q%% r'?&t t#‘%ﬁ é%frmr@% Pﬁg'ﬁféﬁeen
printing ptmceseootiqxnnotamd ntgengimmmae soldemmbanying subsequenptint

and, optionallyg iiéd; s e cq?e inflersion t?jﬂ hpl €31 ﬁgéhl S
then cl eaned andﬁﬁe ed for so d coat | rot ective

sol der-coati ng £®& nPyyhot ai’ép&ﬂ’@d ing, (@ghpf:e S?’PnﬂePs'PﬁﬁcFﬁ"ﬁ
sol der bat h, solder coating on those areas of copper not coated with

solder mask. The solder does not wet the solder mask so.
15 that no coating is formed on top of the solder-mask
protected areas. _

At this stage, the board comprises at least one
insulating layer and at least one c_onductivé léyer. The
conductive layer or layers comprise a circuit trace. The

20 board also comprises a pad or pads and/or throug_h-hole( s)
protected from tarnishing by layer of solder. A single
conductive layer may comprise either a circuit trace or
pad(s), or both. Any pads will be part of a conductive
-layer which is an outerlayer of a multi-layer board. The

25 circuit traces on the board are coated with solder mask.

Such a board is ready to proceed to the second stage
for attachment of the components. In this second stage,
generally attachment of the components is achieved using
solder: firstly a layer of solder paste (comprising solder

30 and flux) is applied onto the boards, generally by printing
and the components are positioned on the printed boards.
The board is then heated in an oven to produce fusion of
- the solder in the solder paste, which forms a contact
between the components and the board. This process is

35 known as reflow soldering. Alternatively a wave soldering
process is used in which the board is passed over a bath of



foll owed by hot air levelling (HAL) to forma protective sol der
coating on those areas of copper not coated with sol der mask. The
sol der doeswoss/17e7 t he sol der mask so 15 that no coati ng PCT/GBISO28Y60N
top of the sol der-mask protected areas. At this stage, the
board conprises at |east one I nsul ating | ayer and at | east one
conductive layer. The conductive layer or layers conprise a circuit

trace. The 20 board also conprises. a pad or or . throu h- hol e('s)
pr ot ect ed frorrF‘P&FﬁPsﬁ?LéeBy ni?e?‘ﬁ?egof’ﬁﬁ? aﬁagiﬁ %{' solder 1§  used
| ayer nmay conpewvee e&nhdhabowve cany |protiectriseoisolder pael(::lhg.or bot h. Any pads

Wi Dphart of @ cofdgidiEionay chilpficlBibhs! de UrAUANAEEER I ofheq

mul ti-layer board. races on coate
sol der mask. componentsand atb%aﬂ!rf-éc'r! epgynt odﬁvb@%%dan% the ‘special st age

for attachgent ra&utibemsﬁaaonms mdtfht!ihif R d siadde, closeld ens?aé

attachnent of the co s_achigv a pcSer 1rst | ayer

of sol der pastE"PBBHﬁ Hb‘vs%l H@F“gge 3‘%&% ape

boar ds, generabh;fhyeprpnmemgion cc&a‘hirldw&mntheerdmdm&ipe&ﬂetﬁedt@n t he

printed boar dSupich, tlE%ARRMrs LEED BEHEhAIRAT o Ee Hel¥IUTE {yo1 OF
Maer a

of t he so ast e,
t he conponent s‘&ﬁ&“?ﬁélbm tﬁ‘ﬁl sfipishsanptied by,dhe jdarer | B‘?@rd
sol deringio A mahoFactatgr does aotoldaveny pad withosn athdvern sagfaseVds ch

the board is p%ii%d;%?&aé‘gé‘t&eo risk of eY\chgiéZi7flailu%1 t&ﬁ §8|%§°
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either case adeisseptialsthat thesprotective caatingidass\not interferet iWe (

sol der coatingghe subsequent solder step, thereby preventing formation of
a good, conducting bond between the bare board and:
15 components. An extra step in which the protective coating

is removed would be undesirable.

As explained above, the conductive metal surfaces are
generally formed of copper and the protective surface must
be applied at the end of the first stage to prevent the

20 formation of non-solderable copper oxide on the copper
surfaces prior to the component attachment. This is
particularly important because generally speaking, the
first stage and the second, coiponent-attachment stage will
be carried out on completely different sites. There may

25 therefore be a considerable time delay between formation of
conducting pads and/or through holes and the component
attachment stage, during which time oxidation may occur.
Therefore, a protective coating is required which will
retain the solderability of conducting material and enable

30 a soldered joint to be made when the components are
attached to the bare boards. _ '

The most common protection coating presently used is
tin/lead solder, generally applied using the "HAL" (Hot air
levelling) process, an example of which is described in

35 detail above. :

HAL processes are limited because it is difficult to

apply the solder evenly and the thickness distribution



The addi tional conplications of attaching both | egged - conponents and
the surface nount devices and the special 5 +.wrequirements for nounting
many snal | wobeewhy spaced..., conmponents have resul ted i npd¢HeRssNRSH
dermands on the surf ace#pirotecti on coating for*tihe conductive netal to

whi ch the conponents will bg. attached, on the PCB's. It is essenti al
that the finish applied by the bare board 80 manuf act urer does not | eave
a pad with an uneven surface:as this increasessif:he risk of el ectrical

failure. It ipreduced by theune af HAl: PracegpescRakes toaAifficudsstaot
interfere in reljhBeySUBEedERNt tha! d9ery! eRmalller @A PGy spaceat i on

of . a good, conduc&i ng bond, bet ween the bare board and 15 conponents.
An extra step FRRRANEATELRCY REINT ¥R Qvating i s renoved woul d be
undesi rabl e. " Several cx¢p lacamerih direa tinen tso fderc thecHAR tadatding afes

ot e oS! el KSR LHERAGIER] VI A ey
non- sol der abl cenabper fexpakion of @ reliable elestrigadscpntast withthe
Gonceatl ShecEbdpShent: ey should e B MBIE R kckne <P to
domponent - at ¢ BHAEAPLET agRasT1pd Sepdl° 2B ekdSplE RS, denerined, aovPe: on
sites. There nthegé arehmeoefkoth egged anddsuxifacet hount ctogpinantis: for
formationygf  attaChREhE! LBOtREUSaRE hSaras’ ondehedé SN Jedifer@dTRoBaNt
attachnment stage duri ng m#gl?ftl' oxi d tdleg'rinmaé occgg. s Theréfore, a
protective coaffkgched, in A Ak g, Qperatinns Therafore,, of
conducti ng nmat eheaprotdctiwel co8fings masticalkso|be ndble te withstandn athe
brorect!on coateRgt,Bid SFfadiing "obaERL AL TBo hay the dEEadCEb BATTCN
appl i ed usi ng spddeped" ipipisefend opernabicn remrip BE@?}Q‘;‘*—&& duzing Ehef
which is ggscrighegei spd®atidfilai | above. "HAL processes are
mted because 11 ajsdrhbtivhh £8 the +AAdad i1y 481a8K bt ' eh2®
' HAL process which have been proposed include organic
protection, immersion " tin or tin/lead plating and
nickel/gold plating. In the nickel/gold process

20 electroless plating of the copper surfaces is carried out
in which a primer layer of nickel is applied onto the
copper followed by a layer of gold. This process is
inconvenient because. there are many process steps and in
addition, the use of gold results in an expensive process.

25 | Organic protection for the copper pads during storage
and assembly priot_ to soldering have also been effected
using flux lacquer. Its use is generally confined to
single~sided boards (ie. boards which have conductive pads
on only one side). The coating is generally applied by

30 dip, spray or roller coating. Unfortunately, it is
difficult to provide a consistent coating to the board
surfaces so. limited life expectancy, due to the porosity of
the coating and to its inconsistent coating thickness,
results. Flux lacquers. have also been found to have a

35 relatively short shelf life. A further problem is that in
the component-attachment stage, if reflow solderix{g is to
be used to attach the components, the components are held
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produced by the use of HAL processes nakes it difficult to reliably
attach the wergnssmml | and cl osely spaced conmponent s NOW Ry dmDs0387¢ -
Several replacenent treatnents for the HAL coating of 5 a sol der | ayer
are being introduced.- The coatings nust enable formation of a reliable
el ectrical contact with the conponent 6 They should al so be able to
stand up to mul ti pl e-sol dering steps. For exanple, as described above

t here are now itpglacsygadthedunderside nof rthe: doardsnvithoadhésivent t Iphnent

to the bare bqa[dlss Fiedd oG ¢ \Lx gfmf@é yiéaecmcx, aéﬁeaqmgﬁeahde%ast

two sol dering operations. Therefo & arot ectiyve coatin rrust aI SO
be able to w % BRPdthe °°‘W@&'ﬁ“tt Adresti¥, FRthe PLintrd boa
areas to be jinsteddcforths 2 DA Getwepnr theosdhestve ﬁwtmai g t he

15 firs operat rpat. h | der
used int %pro}% s\/\)ﬁeéhgﬁagg ie‘gﬁ %rggéogeh I'NC % b'garﬁ%%

pr ot ection, i fiaingrand | splcl#rinq rBtemcausing menpenents tonikecdiostol d
plating. |durifty colitdct! Adidn] the %@i&&r29ath§l ectrol ess plating of the

copper surfaces is carrle out .er of nlckel S

applied onto the One ‘b ?rfo?}ﬁmw ‘%W"e‘?e'H:;I‘i"goIl"lfy dprd't,sess S

i nconveni ent Qmssmtim/@mﬂnchairqn ptoeatment epasaddwpnn the addet iafn, the

use of ggldl reﬂl’i%fz dib@%ﬁ’%ﬁﬂdﬂ?eérﬁc%? hzéo r-c &uﬁ i on
r.n e

for the copper stora and asse q£r| Qr t ri ng
have al so beena%?fgeﬂ on the, rﬁj’ﬂﬂ%x qurface-.

confi ined to chesicglly shond koathe (s\n-fabearadm \ﬂrmﬂta\mwmﬂde pad‘
(r)gl logrycggtel ?llgbgé’ ?ﬁ?or‘%&%?aﬁ g‘?’%&“ Y aﬁ%%lt p?gw e srir'ay o
consi st ent coadisadvantageonsr hecause it tends to madequate for

15 withstanding successive soldering steps so that the high
temperatures reached in a first soldering step tend to
destroy the layer which cannot withstand a subsequent
soldering operation needed to mount further components.
One example of such a process is given in EP-A-0428383,

20 where a process is described for the surface treatment of
copper or copper alloys comprising immersing the surface of
copper or copper alloy in an agqueous solution containing a
benzimidazole compound having an alkyl group of at least 3
carbon atoms at the 2-position, and an organic acid.

25 Processes are also known which provide silver coatings
on copper substrates using aqueous compositions th.ch
comprise silver using electroless techniques.

Electroless silver coating processes, which can also
be used on non-metallic substrites; include a reducing

30 agent and silver jons and a complexing 'agent. In GB-A-
2201163 a thickened composition: containing silver ions,
complexing agent (in. approximately equal weights) and
reducing ageni: is applied to a metallic surface to provide
a thick silver coating.. - _ :

35 In Metal Finishing 81(1) 27-30 (1983) Russer et al
describe silver coating of copper powder by an immersion
process in which the copper powder 'is immersed in a




'surfaces so limted life. expectancy due to the por05|ty of. t he
coating and to its inconsistent céat i ng thi ck#ess, results. Flux

"l acquer s hawosdngerdbeen found to have a 35 rel ativel y shor PCTIGRIFNOIE76

A further problemis that in t he conponent -at.tachnent stage, if reflow

soldering is to be used 'to attach the conponents, the conponents are
hel d WO 96/ 17974 . . 7
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under si de of t&@lBbieROL%¥ ddtratq and a pplyethylene RALYAMING dn. . q;
is thick, the gdhesarerdeis of 1:2o0t bond the corrponent directly to the

printed board but St n esegVv t he
- lacquer 5 coati ng _&ée%tsﬁg{tﬁ;ﬁ gﬁigﬂfg %é% can dfo 63{#] ot %ﬁ.%@r

f1 uxi ng and sobdetsn@mwM| hydrehpomint £1 ohydreiedic ac rang, a
contact wi gh tp&tﬁ?ggﬂﬁr éﬁﬁiﬁnzng complefifigOtdfntd! apénaidede €o'r givel y

bei ng usedis assi vati Lon treatnent, based u h of
10 i mi dazol e@18FLEPLESE §§2 mﬁf’ﬁﬁsggﬁpg? BRI %;{em%\;e %e‘ig'i
formed on the gupptratesiacThe admms:tttmws contaiged highcmmicieﬂilv Dﬁnd to
the surface an r h ot N S2{93a

However this ?'82' géﬁmmg %J]_S@Qﬁ-_ vanta eous abw?kuse It tends to be in

i nadequat e for UE:'B"‘lﬂpﬁﬂﬂ't]-ar@PrTQ‘QGGééQgDve sol dering steps so that the

hi gh jlgenper at U m@wchmcm f compl el nte r syt etiss pforenelléctroless

oper ra?.yoﬁhﬁeéé‘é&i HEo BIEEATY,  Brosinddhnpld S SIbRRE  ammoRfd U8l |
process i s gi vashiiosuIPhate+2asee or0 cyanidezbpsedess is described for the
surface treatment Ofpne ambcHAR sytéfiPFe 2aiSNdvaERjddis bédatNe ithd t he
surface of ammonia-containing silver solutions are unstable and-
15 explosive azides may tend to form. Thiosulphate systems
are disadvantageous for use in the electronics industry
because sulphur compounds in the silver coatings formed
result in poor solderability so that in the subsequent
component-attachment step, a poor electrical contact may be
20 formed between the bare board and the component.
The cyanide~based systems are disadvantageous due to
the toxicity of the plating solutions.
In US-A-5318621 an electroless plating solution
‘containing amino acids as rate enhancers for depositing
25 silver or gold onto a nickel coating overlying copper on a
circuit board is disclosed. It is described that neither
gold nor silver electroless plating baths based on
thiosulphate/sulphate will piate directly onto copper
becatxse the copper rapidly dissolves without allowing a
30 silver or gold coating to form. In the introduction of
this reference, "Metal Finishing Guidebook & Directory"
(1993 edition) is discussed. Silver plating solutions
comprising silver nitrate, ammonia and a reducing agent
such as formaldehyde .are mentioned (ie electroless
35 plating). B ' : )
' US-A-4863766 also discloses electroless silver
plating, using a cyanide-based plating solution.




copper or copper alloy in an aqueous sol ution containing a

benzi m dazol e conpound having an al kyl group of at |east 3 car bon
atons at t hWOA63%Mt i on, and an organic acid. 25 Pr ocpeneBIsiigisal so
known whi ch provide silver coatings on copper substrates using aqueous
conposi ti ons which ~conprise silver using el ectrol ess techni ques.
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7 sol uti oﬁo 1en \]/.grom tpgt gxg.ﬁl sahle Ve ttﬁyl ene po ya‘%ztrg? Fo be,
nol ar ratio of p}-ogected and of rFQS—%MBM%FﬁPF‘:&éVGlB- sol uti ons of

Si |t ver s?l ts comtgtelmdﬂ@w&ﬁe@ﬁ% O'Méirrﬁmﬂgli‘ggg ing

ni trogen conta c

si | vegrJ coat i ngé9 Eg &?’éﬁﬁb gé‘%ﬁ‘ljﬁbeﬁ'eggl ﬁl]g%tfk@&?eé”ﬁ'?lb that
conposi ti 3As cedl¥erewihblgblamrky tdimpleicementnon agstobasechetdls buk
simlar procesgnpag Cin'iﬁa'r%&ﬁﬂ ilated L§£ {&Z%@‘lﬂaoggfy a%@l%ﬁé) ]ﬁoﬁ| ng

brocesses ar cLOMBRRBIR SiBERFES thatoynen elegteApiatiac hasscamsals
cyani de- based.with silver, it is necessary to deposit first a thin film
of silver on the work-piece from a high-cyanide strike bath.
15 to ensure good adhesion of the subsequent electroplated

silver layer. : .

The present invention aims to provxde an alternative
to the solder protection coating for the conducting
surfaces of bare boards which require proéection from

20 tarnishing between bare board manufacture and a component-
attachment stage. :

Surprisingly, in spite of the disclosure in
"F.A. Lowenhein", the present inventors have found a method
for plating by a displacement process which will provide

25 good adhesion. The present invention overcomes the
problems of the prior art silver protective coatings:
ammonia, resulting in explosive solutions is not required;
toxic cyanide ions can be dispensed with as no high cyanide
first step is required; and a silver coating with good

30 adhesion for PCB and solderability and prov:.dxng protection
against oxidation is formed.

In US-A-4777078 a method is disclosed for forming
copper wire patterns. The method uses an electroless
copper plating bath intermittently containing silver ions

35 which are used as a grain refiner to provide a reduction in
grain size of the copper adjacent to a silver rich layer.
The copper plating baths contain sodium iodide stabilising



The ammoni a systens are dlsadvantageous éE&;;;;EEEE;;;;rhnnDnla cont ai ni ng
silver solutions are unstable and 15 epr05|v@Eazumes nmayj tend to form
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I ndustry because sulphur conpounds in the S||ver coati ngs forned
result.in poor solderability:so that in the subsequent

conponent - att achnent step, .a poor el ectrical contact may be 20 forned
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silver or gold (?(95’% %t%%% ﬁ}ﬁg% %ﬁ‘@g ﬁ?f%%ui‘fl%n :(ﬁplacemetrﬁ. lating
reference, "Met siteRi n.mmquem aetalecsyrface withooanediagueahs s
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The present invention rS?‘QE az.n?c(i) aboye Fm the d[ispla Qeﬁgggég’ggZé of the

acene
si l.ver-pl ati ng [present iRVGF‘;*réPaeeherﬂ Gitianad ammonipgctwhich fmay def Adm an
el ectrol ess proqgges beeswse b€ ammonium hydroxide), cyanide ionms,

formaldehyde, thiosulphate or reducing sugars are required.-
15 The silver ions are present in the composition at a
concentration of from 0.06 to 32 g/l (based on silver’
. ions), preferably from 0.1 to 25 g/l1l, most pre‘férably from
0.5 to 15 g/1. : _ .
As sources of silver ions, any water soluble silver

20 salt may be used, for example nitrate, acetate, sulphate,

lactate or formate. Preferably silver nitrate is used.
The complexing _agent is preferably present in an

amount of from 0.1 to 250 g/1, preferably from 2 to 200 g/1

and most preferably from 10 to 100 g/l, especially around

25 50 g/l. . :

_The complexing agent should be either in
stoichiometric equivilent amounts or in a stoichiometric
excess so that all the silver ions may be complexed. By
stoichiometric we mean eguimolar. - Preferably the

- 30 complexing agent is present in a higher molar concentration
than the silver ions, the molar ratio preferably being (at
least 1.2):1, more preferably (at least 2.0') :l, more
preferably (at least 3):1. '

The complexing. agent may be any complexing agent for
35 silver ions which does not form a water insoluble
precipitate under the aqueous and pH conditions of the
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refiner to pr PH&%"?‘!&BEPYB thylene dipmipesdiacstichacidycdiamdnpent to
a silver 15i chcyelehexane tékeaacepic attai og h&hbieﬁengayOOSGﬂiﬂﬂ[(Ddl de

stabilising aminoethylether)~-N,N’-tetraacetic acid] and N,N,N’,N’-
tetrakis-(2-hydroxypropyl) ethylene diamine, citrates,
tartrates, N,N-di-(hydroxyethyl)glycine, gluconates,
lactates, citrates, tartrates; crown ethers and/or

20 cryptands. ' T

Particular]_.y preferred complexing agents are EDTA,
DTPA and N,N,N’,N’-tetrakis-(2-hydroxypropyl)ethylene
- diamine. The complexing agent .should form a soluble
complex with silver ions in aqueous solution under the pH

25 conditions of the plating solution. We have discovered
that for some compositions N-hydroxyethylethylene diamine
triacetic acid,  N,N-di(hydroxyethyl)glycine and
bis (hydroxyphenyl) ethylene diamine diacetic acid form an
insoluble complex.

30 The pH of the composition may be from 2 to 12, usually
3 to 10, but is preferably fronm 4 to 10. Thus, the
composition may be acidic, up to pH 7. Alternatively, the
composition may be alkaline, and have a pH of greater than
7, or even greater than 7.5. .

35 A buffering agent may be included to ensure that the
pH of the composition is maintained within the desired
range. As the bufferirig agent, any compatible acid or base
may be included. A compatible acid or base is an acid or
base which in the amounts required in the composition does



AT

<

agent, silver ions, EDTA, copper sul phate and sodium . hydroxi de and,

especially, a redum ng agent. - 'US: A 3294578 di scl oses the
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with an mxmmedpspcapemm-pla tagbkﬂ)mupﬂesnmchpdesso@um or

silver iong an t
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not contain any 9dFEds %&M e“lﬁlq"@dﬁ:iitrﬂ-"sﬂ

silver netal, aecid bg fméltfc caetudng ofBatdtesr, ophthalatées| swéms, '

e 2 ned X Hhunrdhats s %’?%ﬁcﬁ.\%ﬁﬂt Hﬂioﬁﬁgsbx?%fépeshmph% R b1t
anmoni um  hydriox peripitagiandet qmgtagf,salts and, preferably does not

thi osul phalge orifIBid Rthes tﬂ&t&n@r Tat¥lUi T%fl appropriate bli¥¥et Wial ibes
are present mé*hec 05|t ncentration of fromO. 06to 32

g/l (based on tg'ﬁsgesgrgflevgﬁf%gngr 0.1 to 25 g/l, nost
preferably from The) compositighl maglinclude optional ingredients such

as surfactants or wetting agents to improve the coating
uniformity. Where surfactants are included, preferably-
15 they are introduced into the composition in an amount such
' that in the plating bath, they will be present at a -
concentration of from 0.02 to 100 g/l. Preferably they
will be incorporated at a concentration of from 0.1 to 25
g/l and most preferably at a concentration of from 1 to 15
20 g/l. Any standard surfactant or wetting agent useful in a
plating bath may be used. Nonionic surfactants are
preferred. Particularly preferred surfactants are alkyl
phenol ' ethoxylates, alcohol ethoxylates and phenol
ethoxylates such as *Synperonic NP9 (ex ICI), *Synperonic
25 Al4 (ex ICI) and *Ethylan HB4 (ex Harcros) v respectively
(*denotes trade name).

- A further optional ingredient which can be included in
the plating baths of the present invention are grain
refiners. Grain refiners improve the appearance of the

30 silver coating by causing formation of smaller crystals of
silver having a more densely packed structure. Suitable
examples of grain refiners include lower alcohols such as
those having from 1 to 6 carbon atoms, for example
:.sopropanol and polyethylene glycols, for example PEG 1450

35 (Carbowax Union Carbide). Grain refiners may be
incorporated in the composition in amounts from 0.02 to 200
g/l. More preferably, if a grain refiner is included, it
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aci ds, usuel | ygali mmdacsistc mfh;;ats‘lmrfm 0.05niter |:|1(b gfl.acesuttalslel or,
usual Ty, al kyl §RRiBRLYRE! Bfe described in more detail in our co-pending
application filed today under our reference number (
64/2045/. They are inhibitors of silver tarnish. One
example of a suitable J.nhihitor is. an ethoxylated

15 alkyl'amine (tertiary amine) such as Crodamet 02, or
triazole derivatives, such as Reomet 42. The tarnish-
inhibitor should not be a reducing .agent for silver ions.

other non-active, non-interfering components may be
included such as defoamers especially for spray

20 applications (eg, A100 supplied by Dow), dyes etc.

The composition should be free of reducing agents
which would be capable of z_'educi_xﬁg_ silver ions to silver
metal. The bath is consequently stable. The composition
should also be substantially free of non-aqueous solvent,

25 although it may be necessary to use a non-agueous solvent
to introduce some components, such as some tarnish
inhibitors, into the compositi'on.. In such cases it may be
satisfactory for the non-agqueous solvent to remain in the
composition. _ -

30 The present inventors have found that the presence of
halide ions can poison the plating composition. The
composition is thus preferably substantially free of such
ions. : : -

The balance in the composition is water. Deionised

35 water or other purified water which has had interfering
ions removed, is used in the plating composition used in
the process of the invention.
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. to photo-reaction which results in precipitation of silver
jons out of solution, as a dark precipitate. '

Preferably the pH of the composition to which the

15 silver salt is added will be from pH 3 to 10, most
preferably from 4 to 8. | '

The components are mixed until they have substantially
dissolved. The use of heat is disadvantageous because
again, it may tend t-o cause the formation of a dark silver

20 precipitate.

' The metal suhstrate is any metal which is less electro
positive than silver. It may be zinc, iron, tin, nickel,
lead or, preferably copper.

Preferably, prior to contacting the metal surface with

25 the displacement coating composition in the plating step,
the metal surface is cleaned in the conventional way.
Generally cleaning will be using an acidic cleaning
composition, such as any cleaning composition well known in
the art. Examples are copper condi_.tioner PC 1144 _supplied

30 by Alpha Metals Limited.

Where there is a cleaning step using an acidic
cleaning solution, generally there will be a rinsing step
prior to contacting the metal surface with the plating
solution. |

35 optionally, there may also be a nicro-etching step
either combined with or after the cleaning step in which
the metal surface is contacted with, for example sodium




range. As the buffering agent, any conpatible acid or base may be

I ncl uded. A conpatible acid or base is an acid or base which in the
anounts reqwoeshem t he conposition does 15 20 PeTicBosin2shO
35

14

persulphate solution to remove any: surface copper oxide.

Where such a micro-etching step is carried out, preferably

there will be a subsequent acid rinse, using sulphuric acid

to remove traces of cleaning' -andfor microetching
5 composition. ' : - '

Contact of the metal surface with the plating
composition will generally be at temperatures of from 10 to
60°C. For example, the tempefature of contact with the
plating solution will be from 15 to 5o'c, most usually from

10 20 to 40°C. :

Contact can be by any method, usually dip, spray or
horizontal immersion coating. Spray coating is preferred.
Such contact may be part of a substantially continuous
coating process, that is in which excess solution is.

15 recovered and reused. S

The contact time of the plating composition with the -
metal surface is sufficient to form a silver surface over
the metal. Generally the contact time will be from 10
seconds to 10 minutes. A contact time of less than 10

20 seconds has generally being found to give insufficient
coverage with silver coating and although the contact time
may be longer than 10 minutes, no additional benefit has
been found from a contact time of longer than 10 minutes.

After the plating step' the silver plated surface is

25 preferably rinsed, using, for instance an aqueous rinse
solution, preferably water.

After the plating step or any subsequent rinse step
the board is dried. Drying may be by any means, but is
generally using warm air, for example treated metal may be

30 passed through a drying oven.

In a particularly preferred embodiment of the
invention, an oxidation inhibitor is contacted with the
pads and/or through-holes either _by incorporating a tarnish
inhibitor in the plating solution or, by contact with a

35 solution comprising tarnish inhibitor as a post-rinse step,
after the plating step, prior to attachment “of the
components. Where contact with the oxidation inhibitor is
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substantially pr@g:u;'rsoguchwhich iignsclearly undeszrable. ‘The plating’
15 compositions of the present invention are more stable than
plating compositions for use in electroless systems which )
include for example formaldehyde and which reduce silver
ions to form silver precipitate. 1In the plating solutions
of the present invention, metal atoms on the surface of the
20 metal are oxidised by the silver ions in the solution, so
that a 'layer of silver metal deposits on the surface of the
metal surface. The process is self-limiting because when
.silver metal covers all of the surface sites of metal
oxidisable by silver, no further reaction and therefore no
25 further silver deposition occurs. '

The present inventors have found that the rate of the
displacement process may be important when a strongly
adherent layer of silver is required. The presence of the
complexing agent is essential to ensure that the rate of

30 the displacement reaction is not too rapid.  When the rate
of the displacement reaction proceeds too quickly, the

" gilver layer formed on the metal surface may tend to be
porous, uneven and/or exhibit poor adhesion. In accordance

- with the present invention, the complexing agent' in the

35 plating solution ensures that the reaction proceeds at a
‘rate sufficient to form an adherent coating, "and in
addition one which has good adhesion and where the silver
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of reducing si descriibed above} vdn additionato thee gbedadivesiors sduich iy
stable. The cop@riiredNin this application, the invention is particularly
advantageous as it enables good solderability of the pads
15 and/or through holes of the PCB to be retained. Therefore,
in a preferred aspect of the invention, the metal surface’
comprises pads and/or through holes of a PCB precursor.
The conductive metal pads and/or_:- through-holes which are
contacted with the plating composition in the process of
20 the present invention may have been formed by any process
for forming pads and/or through-holes. :
The coating obtained using the method of the present
‘invention produces a surface which is considerably more
uniform and even than that obtained in the conventional HAL
25 processes and, compared with organic protection, the
coating is more resistant to soldering operations.
Furthermore, the process of this invention is less
expensive and simpler than use of the nickel/gold process.
In the subsequent component-attachment stage, the
30 components are soldered onto the bare board and the metal
of the pad(s) and/or through-holes (generally copper) and
silver and/or the silver becomes mixed with the solder may
tend to intermix, but the bond formed with the components
has good electrical conductivity and good bond strength.
35 The coating formed in the process of the invention is a
suitable base for any solder in common use in the PCB
industry, for example tin/lead, tin/silver and tin/bismuth.
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i ons out of SO'%&% aﬁa%iﬁar ka PYBEHBEYAIGE surface moBhef fedthire hendH of
t he conposition to I C

plated through holes of various diameter were coated with
the silver solution using the following procedure.

15 Boards were degreased with IPA, then microetched in an
aqueous solution of Na,S,0, (5% w/w), H,S0, 5% w/w for 1 -
minute. A tap water rinse for 1 minute was then employed
followed by an acid rinse in H,PO, 5% w/w, Synperonic NP9
0.1% for 1 minute. Boards were given a further water rinse

20 then immersed while still wet into the silver plating
composition for 3 minutes at room temperature (20°C). Upon
removal from the silver bath, boards were rinsed for 1
minute with water and warm air dried. The copper areas

- were coated with a thin even silver deposit.- _
25 Coated boards were subjected to three passes through
' a typical IR solder paste reflow profile - see figure 1
(which illustrates a suitable example of temperature
against time for a reflow pass), then wave soldered using
NR300, an Alpha Metals VOC free, no clean flux. 100%
30 filling of the plated—thrOugh holes with solder was

achieved.

Further boards were stored in a humidity cabinet at
40°C/93% RH for 24 ‘hours before being passed through 3 IR
reflow profiles. These boards showed a slight degree of

35 tarnishing on the silver coating. However 1003 hole
£filling was still achieved during subsequent wave soldering
with NR 300 flux. |



15 silver salt is added will be frompH 3 to 10, nost preferably
from4 to 8. The conponents are m xed until they have

subst ant i al W 9¢/17974di ssol ved. The use of heat is disadvant a?ﬂéﬁgmuse
again, it my tend to cause the formation of a dark silver

precipitate. - The netal substrate is any nmetal which is |ess
electro positive than silver. It maygde zinc, iron, tin, nickel,
| ead or, preferably copper. Preterably, prior to contacting the

nmetal surface pgdnipldb 2 the di spl acement coating conposition in the plating

, h d th { |
gaﬁgral ly cIt e:nrﬁ;a‘lvm ﬂ&%ﬂ?%sbﬁﬁﬁan {1% BFg Ef'gﬁ‘r:n vegls!goma s#99 0Rf such
as any cl eani My Nd¥ifpd¥i ri tetmakis+«(ydroxypropyld ethylehs altdrtineaandcopper
condi 1 oner Pq g e wﬁceacaa D gobloBM oot tael ntbdi Witker Wher e

there is a cl ea ste u5| an acid cleaning so utlgr? 1%@‘ﬁ'erally
there will® be %P Thg %Teﬁ ded" a p??%‘l‘t%%“ceﬁt g i silver nitrateudhace
with the platixagpem™ of sdionised witer.. Th@ppnoagl ltnist BoNatiBy ahs0 be a

which oo "Difikeaa o Gl oy RBATERGH' bF Hhoft,, Sheh inde B B 117 "
WO 96/ 17974 litre with deionised water. - " PCT/ GB95/ 02876
14 persul phatcbpyawbbﬁpohe [ SER\E S 9. h2a§ ¢ Qfgeéiﬂezdslﬁted
Where su etctl?%‘% hg?ﬂls%‘?cﬂar“ % lr‘efe wi |
be a sub que g ‘Tﬂﬁfr 'thﬂ g the, P@Eﬁ#ﬂﬁaéés of
cl eani ng and/ aesm dim eyadplecdnpoAnt adherent, thin silver coating
was produced. _ _ - (
Exanple 3 _
A hath was prepared by dissolving 50g of citric acid’
15 in 800cm’ of deionised water. To this solution was added
a solution of 1g silver nitrate in 100cm’ deionised water.
The pH was adjusted to 4.0 with sodium hydroxide, and the
bath made up to 1 litre with deionised water.
Copper coupons were silver plated using the procedure
20 described in example 1. A thin, adherent silver coating
was produced. -
Example 4 :
A silver plating bath was prepared by dissolving 60g
of tartaric acid in 800cm’ of deionised water. To this
25 solution was added a solution of 1g silver nitrate in 100
cm’ of deionised water. . The pPH ‘of the solution was
adjusted to pH 4 by addition of sodium hydroxide and the
volume made up to one litre with deionised water. Copper
coupons were silver plated using the procedure described in
30 example 1. A thin, adherent silver coating was produced.
Example S
A silver plating solution was prepared by forming a
solution comprising 50g EDTA, 20.49 ‘NaOH, 10g Synperonic
NP9 (ICI), 3g Crodamet 02 (Croda Chemicals) in 800mls
35 deionised water. To this solution was added a solution of
lg AgNO; in 100 mls deionised water. The pH was adjusted



Contact of the netal surface with the pI atlng o conposition wll
generally be at tenperatures of from“0:to - -x: 60[err]C. For exanple, the

t enper at ur e yb ofpfRpgct W th the pl ating solution wll bepdyonesisasico
50[err]C, nost usually from 10 20 to 40[err]C. ... Cont act can be

by any nethod, usually. dip, 'spray or hori zontal i mersion coating.
Spray coating is preferred. Such cont ggt may be part of a :
substantial ly continuous i coating procéss, thatiis in which excess

solution is 15 tor@/Cerd’dfﬁ%ﬂ eypedilute NaOH/HNOS diraciadé NEp Ofot lie
plating conposition w'th t rre tal surface is sufficient to forma

silver surface dji&re ‘"-tht ﬂ&lﬂﬁ%ﬁ? wakeherally the contact time will be
from 10 seconds poable suaaaebareAcoppeamoardﬁe wird comatedawith tbe

seconds has general g{sﬁghego{.%&f'n \bprddé%ﬁfrfe' Sheaéﬁcr%be&%re%ﬁ piet

silver coating he co tact onger _than 10
m nut es, noSaddilt oriaﬂo*oeﬁeﬂitnmd# P atqﬁ’em}i’d"!"r with,sdaer; ¥as,f

|0n]96r thanzéo @dmfh%d during wa‘\fd eBolhﬁrlitht iwiElst WR30be Sidweaftest ed
surface is e era usi gnce an aqueous rinse
sol uti on, prefe Mcuq *§r2 g??‘é p??\t"# ating step or any
subsequent ri nse st e[Boards tstorteabir ati $0ACY0a%RHY \fioxry afayhowrsy PTAOT ndans,

but is 20
passed thr Ougﬁ“irf}l agd TrdGul 3 ' ref fiv BrUEILes BRELEH AB!EVidEHED s

rt |
enbodi nent 16F t rr@rnis %Ml/éﬁfll EﬁmﬁﬁeBx‘l'%l]a& qu;iq%%gvgggg}g {ﬁ‘é s S4i t h

the pads angiving hioowhdl@ €i1diihlger by incorporating a tarnish
inhibitor in th | aty ng sol ution or, by contact with a 35 sol ution
conpri sing tarnim&tor as a post-rinse step, after the plating

step, prior to at t addoubie sided hare coppewRaands; wergcrceated: ueing,the ( ne
oxi dation inhi bi{ap | Somposition@n /prbeedure as described in example 1.

PCT/ GB9S/ 02876 Following removal of the boards from the silver plating
solution and rinsing, the boards were immersed in a
solution of 4g Reomet 42 an ‘alkyl substitute/triazole
tarnish inhibitor (Ciba-Geigy) in 1 litre deionised water
(pH 7) for 1 minute at room tempefature. The boards were

20 then rinsed in 'tap water and warm air dried. A bright even
silver coating was produced. '

The coated boards were stored at. 40°C/93% RH for 24
hours then passed through 3 IR paste reflow profiles. The
boards showed no evidence of tarnishing, and soldered well

25 = when wave soldered using NR. 300 flux.
Example 7

Coupons of copper str:.p {5cm x 1lcm) were coated with
the various silver coatings as described in examples 1, S
and 6. In addition, further samples were ‘coated with a

30 commercially available immersion Sn coating and two
competitors’ solderability preservative coatings based on
substituted benzimidazole tarnish inhibitor chemistry ie
containing a copper tarnish inhibitor, but no silver ions.
The coupons were subjected to a variety of pre-treatments -

35 reflow passes and storage at 40°C/93% RH - then soldered

" using a meniscograph with NR 300 flux.



15 I n a subsequent post-rinse step by contact with a solution

conprising tarnish inhibitor, there may be internedi ate rinse and/ or
dryi ng st epwWo¢/1894cri bed above. The use of such an t arpoéBIsmRs7ei t or
i s advantageous as it inhibits 5 tarnish formation on the protective

pl ati mg. The-di spl acenent plating process is an inmrersion

di spl acenent process and not a true el eckpol ess plating process. The
coating is thus fornmed just on the |ess el ectro positive netal surface

and not on non- et §hiei ¢ M@nisgeguapbf t kesboar aethodh amohiitors casthe

protected by %lﬁrablh'ﬁsﬁw %iél‘é% ?gﬁtﬁﬂi eﬁét Sf5¥§£ Bl:éi{;ggbse% gg! tions

coat silver onto non-jretdllic SUI’

potential to SREcIgan, and #RldaKK pfF Fe(ﬂ"éd‘—i&\géas“tﬁ assezsed byyrthersor,
whi ch is cl earlengthiesi tihécto releh Bb&ﬁuﬂﬂriﬁn wePrDNY ifidrieS ahdt fRe

present invent co 05| Lons for_use in

el ectrol es%s syd % ad’te eeq%tﬁqlh‘%%m "P&Figga%grg for YB¥e 98°%hi ch

reduce sil ver res\llﬁsoné-nt owave msfldexingr cai pshort. wetting plaati nyigh

sol utions ecifi ]tilﬁmhe&aatm@vga-¢@rhrgrq;ﬁf 5 on the surface of the
er ions in.the solution, that a

20 netal are oxidjse
| ayer of silver &éﬂ gag%gl °§'°8’ns pus the éf?é“ﬁt“gt Edmes in ﬁéF&F“Eu@'F%ce
The process | wettliing forcesfiteradssecérds immersionein mivitragycunies! of

the surf s@de:s ﬁ&i@?ﬁabog or %gé epof?#y silver, no f_urther reacti on

and there ore no 25 rth ver I'on occurs. ~ The
present inventors have found that the rate of the di spl acenent proces
may be inportant when a strongly TREEE et | ayer of silver is required:
The presence of the conpl exi ng agent is essential to ensure that the
rate of 30 ho A Nl aconpnt- O N not -t 00 '.,.,,,,,“",,'- te
of the displ af emhggeact ion pro.ﬁe.e‘%oo qui ckl dyer
formed on"thejnmetal surfpce maytendto be -
exhi bit poor gdhesTom—ftr—accordarce - e —t t he
conpl exi A agqnExswplehk B5 ©  pl i PR;PSBQQJt I on ensureQ-Q hat th@ B2act fon
proceeds at a} Example 1 3 reflow passes 0.7 0.26
Example 1 | 18hrs 40°C/93% RH O reflows | 0.65 0.30
Example 1 18hrs 40°C/93 3 reflows 0.95 0.17
Example 5 ' as prepared 0.6 0.31
20 Example 5 3 reflows : 0.7 0.31
Example 5 16hrs 40/93 3 reflows | 0.7 0.28
Example 5 17 days 40°C/93% RH 1.7 0.12
Example 5 17 days 40/93 3 reflows 1.9 0.04
Example 6 as prepared 0.7 0.29
25 Example 6 3 reflows 0.7 0.25
Example 6 10 days 40/93 3 reflows 0.9 : 0.28
Sn as prepared 0.95 0.34
Sn 3 reflows : .> S8 - 0.24
sn 18 hrs 40/93 O reflows | > - 0.2
30 sn 18 hrs 40/93 3 reflows >S - 0.42
| Benzimid A 3 reflows 0.9 0.19
Bengimid B | as prepared 0.8 0.28
i Benzimid B 1 reflow - 0.95 0.26
_ __ - B »J
35 As can be seen from above, the silver coatings have

shorter wetting times and higher wetting forces than the Sn
and benzimidazole alternative and retain t:hese properties
more readily after humidity and heat treatment.



rate sufficient to forman adherent coatl ng, and in ad;ditidn one whi ch

has good adhesion and where the sitver "0 96/ 17974 _

PCT/ GB95/ 028¥é 96117974 16 | ayRCT/GBIS/N2876
protective |ayer, gives good protection over the netal surface to
prevent the formation of oxides or ot her tarnish. The coating

t hi ckness of the silver coati ng form@d according to the present
invention will generally be 5 no greater than 2féir]mand is aI nost

al ways | ess thgzatpiecsr]m - usual |y about O.1[err]m -

Al though the inventijong e ggeﬁ hfassS agégctg' p@gﬁ,iﬁ getal s
for other applicati ons sucﬁ g—i%%q' pomgfziﬁt he | r¥\c/) |on as been

found to be 10 SOlp'&riﬂ“cGPHPFysaﬁgaﬁﬁa% erel"ﬁr Bmé“ﬁrQﬁ i9 ver
layer on PCBs, fjdf rQBL@gennabutorlwe éﬂfmsnthyladesn4bemdns/e
I n addltlon to t he sLon o . I So
applicati or ﬁ"ﬁg:é‘ﬁ'ﬁ)dn ?Sg #m%ﬁ}"aéﬁ 02 aﬂ )%d'eaol%ueg]ag It enaebl es
good sol der abl Idampanind HEnosias cnemcade/)onnt aegmgﬁ ﬂ%l@%léﬁdt%t% t®P be
ret ?| ned. Ther ghiif soluti wﬁsfﬁ&&tﬂﬁrfds@ﬁmh X anf thige sinvept hotratéeinet al
sur f ace rises p or rough hol e a r sar
The conductlvelx‘l 8 §E§°§ﬁ g wateTugh- Hh&sP EFgSB s‘ﬁ“%&ﬁf‘ac‘(ﬁ
with the plati @Wltbos.snmheucmm of aﬁlutehuam!essnitutimmmt on
may have heen formed. b C (g4 n
h-hAGs B mitFic aYciafrhe CQ $8%ume wad%n déx? ﬂgdw %1 Q%Qi'? using

t hr oug oatrng obtained using t e met ho t he
present i deionigsed waker/s a surface whi ch is considerably nore

uni form and even thagnihpd died Bagel Bobbérm iwdid ddaltedSusingotmeses

o ol et o Abave Friution W1RY tRY prodSaure aff Waddiined TR Exkifia’ 2"
1. 100% filling of the plated through holes was achieved’

15 during wave-soldering of the coated boards,using Alpha
Metals NR300 flux after passage through 3 I.R. reflow
profiles showed no evidence of tarnishing, and soldered

well during wave-soldering trials giving 100% hole-fill.




Furthernore, the pro mm"l !" g!!’ ﬂntlon I's |less expensi ve and

sinpler than use of t e Kl c In the subsequent
conponent - awoashverat st age, the 30 cdﬁﬁ&ﬁéﬂtsq@ '\ﬁ | der ecpeeppBosioRgIghar e
g

board and the netal of the pad(sf_ and¥EBkacsnr ou hol es (generally
copper) and silver and/or the silver xed with the sol der may
tend to intermx, but the bond fornmed w t3e t he conponents has good
el ectrical conductivity and good bond strength. 35 The coating forned in
t he process ofCHREMS nvention is a suitabl e base for any solder in

comon use in ¢ he I A X t] Lin/silyer and
combn Hse ! fhe RCB V\grg&eld %ﬁl tornifg §8{Tér [¢SUL £ o a'surface
PCT/ GB95/ 02876f a metal which is less electro pagitive ‘than Ailsrer
C(r)]rrpolnent att&ﬁ&ﬁﬁiﬁtsiﬁq neomestinny dehd et surf&é@owfﬂ?s a¥ lRflwshsOVer
the plate i nvent.ion suf,.fer joint
reliabilit q‘.S/ %’tﬁpqr?sée eng::)SiQEEPﬁO ComResiEion; ‘5?’?%‘6{1%’2'?9151&" ckens Andy

step. 5 a mukfdidentate complexAngongeattimrsam#nmpmeah i agquddiush 50g
EDTA and 20. 49,en1c1@fanaohh¢15 gdauph NYElT&rEnllS ¢B" izméédf S#I PNt

wat er ssql ve the sol ytion conpr|5|ng ig silver ni ra e

in dei oni sed iﬁﬁ gﬁué’ﬁ&# SUBERC®o the premi xture 10  conpri sing
EDTA and sodi @ hydx pmcbessohceonqulctdieu.alﬂmsﬁdn whichatﬁé é’é&iqﬁ to 1
litre. Rper et n urface
nmount fea ure %n%q ,&eda g%"%%“&'ﬁ r?"P’ gf L'J'g’ & 5%& 31’9/\70@}18 oat ed
with t he Bhe \Retah| SHTEACQ SFORPT iR mqr@acrtg,vpr maar @adss and/or

Boards were degiisit-ndlids ldfha bage BbErQft SA®id WL aéimﬁ (

: te
sol ution of Na{ rﬂd'ﬁser rclnqmertJll(iS%are s W [J.ciar ]regai Sc%a\g/e\{'lv fi(x)lr the.
process, preferably solder-mask coated areas. :

15 3. A process according to claim 1 or claim 2 in which the
metal surface comprises ._copper; '
4. A process according to any preceding claim in which
the complexing agent is present in a higher molar amount
than the silver ions, preferably at least twice the molar

20 amount. .

5. A process according to claim 1 in which the silver
ions are present in the displacexhent plating composition at
a concentration of from 0.06 to 32'g/1, preferably from 0.1
to 25 g/1, most prefe_fably from 0.5 to 15 g/1.

25 6. A process according to any preceding claim in which
the complexing agent is present in the composition in an
amount of from 0.1 to 250 g/1, preferably from 10 to 100
g/l.

7. A process according to any preceding claim in which

30 the complexing agent is selected from ethylenediamine
tetracetic acid, diethylenetriamine penta-acetic acid and
N,N,N’ ,N'-tetrakis(z-hydroxy propyl)ethylene diamine.

8. A process according to any preceding claim in which
the displacement coating composition comprises surfactant,

35 wetting agent, stabiliser, grain refiner and/or tarnish
inhibitor. ’
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mnute. Atap water rinse forll“mym\tl“lwﬂ i“tn enpl oyed. fol | oned by
an acid rinse in Herr]PJ err} ni ¢ NP9 0.1%for 1

ni nute. Boarwe@9emredagi ven a further water rinse 20..5, t hen i MPCHEBISHEBY6E
still wet into the silver plating conposi tion” for 3 minutes at room
tenperature (20[err]C): Upon renoval fromthe silver bath, boards were
rinsed for 1 mnute with water and waBm air dried. The copper areas
were coated with a thin even'silver deposit. 25 %% Coated boards were
subj ected to t9 ee A PEREEIFARRAFAing te OlpimP iR whick sunfacsans isw

profile - see {jgdffordated if\¥nélaidplisdemérme gna&s&ﬂgat&cﬁnpaﬁvmbﬁ at a
t enperat ure t hen wave sol dered using

Inst, tinmef efl ow pa
NR300, an Al phaowé'?%?’sawf?%e&% % rﬂ'f * 100%30 filling of the
pl at ed-t hr oughibol en prbbess| decording to anhlgmeéeding claim ihuwhlieh

b d t
hgﬁissbgfggesbgéﬁ %g%g% ugﬁﬂgégﬁeég*F;g f%eer |€§§¥N 44‘%5?%&}@@82 %oards
showed a slighefdegAueipg Fhe ﬁﬁ%ﬁﬁﬁﬂiQﬁFcﬁPt§§1§¢¥VEPtébaFFﬁgfreeFﬁﬁever

100% hol e haliféi pens#as still achieved during subsequent wave sol dering
with NR 300 fl 974

PCT/ GB95/ 02876 §l A process accoraxng to any preqﬁging claé%aﬁﬁlghgch
A plating bat hcnataptépgrbhle yethl syinfaae sdghothe displacenent coating

800cH er 1 1of g"“é%‘?%ﬁ@““) 5 b B gy By ?%T%%‘%@a%eﬁ* ; sofé%{lbgnl of
1g silver nitrbathj and inlb@éﬂ"er?’f"ﬁﬁs d&PEHP§éH’-Rﬁt s T thei s

sol ution was process.

12. pfocess according to any preceding claim in which
the metal surface is contacted with the immersion coating -

15 composition for from 10 seconds to 10 minutes, preferably
at a temperature of from 10 to 60°C, most preferably at a
temperature of from 15 to 50°C.

13. A process according to any preceding claim in which.
the silver coating is less than 0.5um thick. '

20 14. A process according to any preceding claim in which
prior to the immersion plating step, the metal surface is
cleaned by contacting with an acidic cleaning solution in
an acid cleaning step, preferably undergoing a post-rinse
step prior to the immersion plating step.

25 15. A process according to any preceding claim in which
prior to contacting the metal surface with the immersion
plating composition, the metal surface undergoes a micro-
etching step and preferably between the micro-etching step
and the immersion plating step, there is an additional acid

30 rinse step. :

16. A process according to any preceding claim in which
the silver coated metal surface is subsequently rinsed and,
optionally, dried. :

17. A process according to any preceding claim in which a

35' conductor component is subsequently soldered dxrect to the
silver coating.



adjusted-to pH 8 by #HHII”"H.HO" "I}HH![( then made up to 1 litre with

dei oni sed wate 5cmx 0.1cm were silver
plated 10 wi rkflm‘,above bat h conposHN‘B?nSHEEm;g pJ ocedurg

described in exanple 1. An adherent, [thinRPlAcen coa*t ng was pr gauced.
A bath was prepared by dissolving 509 0 Ld j15 in 800cnferr] of
dei oni zed water. To this solution was agged a solution of 1g silver
nitrate in 100cnierr] deionised water. The pH was adjusted to 4 0 with
sodi um hydroxhge, Ansulké-step pRbBesBdeorPpiBddcihy’s Bath ﬂ@toﬂbg

wat er . P{ﬁﬁgp‘grtﬁgugg ﬁ Jgre silver plated using the procedure 20
described in é?g g bherent silver coati ng was produced.
Exanpl e 4 i)a sPrOEiquitlbmga beubs tacactirvep mre addyi tdvesprucegs 609

of tartaric agi duhatggeenﬁﬁid %:;f#deanhaesh%.gaucdp ég{ycislzgng 84 gt i on

was added a sol ution o ver nitrate 1n I oni sed
water.  ¥he PPAPT: ﬁ@rgﬁg’&tnﬂfﬁl\/&?i d metal;being Yepsrmleckyopeaitive of

sodi um hydr oxtHanagdlvee, vol urre made up to one litre with deionised

wat er. Copper I +RI I oc e de cri bed
in 30 eggrrpl e 1. 1;? gﬁalﬂire \éﬁ Qe‘?é éc%atlt# I 3ﬂ%§§ Eﬁ) g‘g E s©"

A silver platand %ewimrﬂt«d@qﬁemosythmmdg and/or tsmbuqheholes

conpri si ng 50gxpbséd, 2Qnégm&h£1~bei &ﬂmermaating uea?sgme 3g Crodanet

02 (Crodg,Chem cal n 800m s 35 de| oni sed, wat er . his sol Ution was
added a SBI ution o?‘hs forping \ay silver, qoating gm; ShesLKrefed Page pH
was adj usted and/or through holes by gontacting the metal surface with

an aqueous displacement plating composition comprising ‘
silver ions and a multidentate complexing agent in solution
in an aqueous vehicle and having a pH of from 2 to 12, to

15 form a coating of silver on the metal surface.
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19 to 7 by addition of dilute NaOH/HNOJ err], then nade up to 1

litre with deoogimegd water. Doubl e si ded bare copp@cTicE9sg287ées e
coated with the above sol ution using the procedure as described in
exanple 5 1. 100%filling of plated through holes wth sol der was

achi eved during wave soldering with NR300 flux after - passage through 3
IR refl ow profiles. Boar ds ?}pred at 40[err] ¢/ 93%H for 24 hours
prior to passage through 3 IR refl ow profil es showed no evidence of 10
tarni shing and sol dered well during wave soldering trials, gi ving 100%
hole filling. Exanple 6 , Doubl e si ded bare cop ef boards were
coated using the bat h conposijti on and procedure.as descfibed in
exanple 1. 15 Followi ng renoval of the boards fromthe silver plating

solution and rinsing, the boards were i mersed’in a sol wtion of 4g
Reonmet 42 an al kyl substitute/tyiazole

t/ar ni sh i nhi bitof (G ba- Cei gy)
inllitre deionised water ' (gH 7) for m nute at room {enperature.
The boards were 20 then rinsed ijn tap wat and warm air diied. A bright
even silver coating was produced. The coated hoards were
stored at 40[err]C/93% RH for 24 how-= t hen passed throggh 3 IR paste
refl ow profiles. The boar ds showed no evi dence of tarnighing, and

soldered well 25 when wave sol defe

usi ng NR 300 fI ux. Exampl e 7
Coupons of copper strip (5cmx 1c

were coated with t vari ous
silver coatings as described intexanples 1, 5 and 6. In addition,

further sanples were coated witha:30 comercially availabr& imersion

Sn coating and two coppetitors' solderability preserjyative

coatings based on substd’t ut ed benzi ni dazol e tarnish inhjbitor

chem stry is cont ai ni ngy a icopper tarnish inhibitor, butfno silver’

i ons. The coupons were sWjjegted to a variety of pre-treatnents
14 . .

Time (mins)

Figure 1
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35 ref.l ow passes and storage at.40{érr]C]§3%)RH - then sol dered

using a neni scograph with NR-300 flux. % <k . WD 96/ 17974

PCT/ GB95/.02876 : ' . 2000 ¢ The
meni scogr aph t est met hod noni t or s=9~t he sol derability by
measuring the net force acting between speci nen and sol der. The
coatings are assessed by the l ength of time to reach equilibrium
wetting force, and the 5 size of the equilibrium wetting force. To
achi eve good results in wave soldering a short wetting and high

equi | i bri um wetageRf i cFekver clqni FRTA, copper sulphateand $eALMRshows
the wetting ti fP%&:%rdkfcwcﬁtg@, aé@be?ialw,t ta NS d Q¢ £RG a&éftaZ sec;)nds
Inmersion In aroitr un S or, varli ous cC er,cpate sanpl es.

Coat i ng Tr Tﬁﬁ#294g§% disclqggs éh%Mégﬁéﬁ%E9°“ of a

timel/ sec Ar meétEXlid coatinkasgile ds Cu, Au, sBdpreparkg and Te on 0.6

gkgrzrpl el 3 15?1?“5“4%[ ésrtﬁfacgﬁéﬁweﬁﬁaagscom%}%%in&Jg%x.xgowh:?cl%tsis Exanpl e

1 18hrs 40] erd NP ERn @onfaining aompound, Jgay which is mekpl e 5
as prepared multidertdte. 0.31 20 Exanpl e 5 - 3 refl ows
0.31

0.7 In accordance with the present invention there is
provided a process for forming a protective silver
10 coating on a substrate having a metal surface which is
less electropositive than silver and comprises
T i conductive metal pads and/or through-holes of a bare
board, and in which the substrate includes non-
metallic areas which remain uncoated in the process,
15 which comprises contacting the metal surface with an
aqueous displacement plating composition comprising
silver ions and a multidentate complexing agent in
solution in an agueous vehicle, which composition has
a pH of from 2 to 12 and does not contain any reducing
20 agent capable of reducing silver ions to silver metal,
to form a coating of silver on the metal surface.

- As explained above, in the displacement process of the
present invention, no additional ammonia, (which may be in
the form of ammonium hydroxide), cyanide ions,
formaldehyde, thiosulphate or reducing sugars are required.

The silver ions are present in the composition at a
concentration of from 0.06 to 32 g/l (based on silver
ions), preferably from 0.1 to 25 g/l, most preferably from
0.5 to 15 g/1. .

As sources of silver ions, any water soluble silver
salt may be used, for example nitrate, acetate, sulphate,
lactate or formate. Preferably silver nitrate is used.

The complexing agent is preferably present in an
amount of from 0.1 to 250 g/1, preferably from 2 to 200 g/l
and most preferably from 10 to 100 g/l, especially around
50 g/1. '
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Exanpl e 5 16hrs 40/93 3 reflow . . 0.7 0. 28 Exanpl e 5

17 days 40[err] C/ 93% RH 1.7 : 0.12 - Exanple 5 17 days
40/ 93 3 refl ows 1.9 : 0.04 - " Exanple 6 ' as prepared

0.7 0.29 25 Exanpl e 6 - =10=3 refl ows 0.7

0.25 . Exanple 6 - 10 days 40/93 3 refl ows 0.9 0. 28

Sn as prepared 0. 95 0.34 Sn

3 reflows > ba - 0.24 Sn 18 hrs 40/93 0

refl ows > 5 The 0. 2ofplexing Sagent shduld® 48693 dikfkkoWSin >
5 - 0.42 Benzi A 3 reflows ' 9.9

0. 19 .Denzﬁtrﬂi(‘fhé°me ric zfé;“&r"@ﬂfr’gd amounts oy gn a stoighjgmetric
Benzimd B excebsr sld chhat all the £iD¥er ionsOm@P be SSmplexed.Aspgan

be seen from abQye:. ' r it ha hort e 1 ti d
hi gher wetting % \c‘):?éggl}it% %ﬁ‘ﬁe éﬁea ﬂgg%ndv réﬂor%ag‘az:‘:)l er%ﬁ'méeé?ﬁé&?cl #Y/:angﬁﬂa_n
retain thege preo@plexing agentris prasieant int arhighexmolazndoheehtration

treatnent. than the silver i th ¥ ] i :
1. A process for form n)g a pro‘t:%sc’tiveesr??]\'/aezr. rati?ongggffﬁblgnbg&éhg/??tr:ate
having a netal <8@fkcelvh] th i move prieferablyct (aposleaste gh&h :3i,| veerand

conpri ses preferably (at least 3):1.
The complexing agent may be any' multidentate
10 complexing agent for silver ions which does not
C. form a water soluble precipitate under the agueous
and pH conditions of the composition. Mixtures of

¢omplexing agents may also be used. The complexing
agents are bi-dentate or higher dentate ligands.
15 Examples of suitable complexing agents have

oxygen-containing 1ligands, for instance amino acids

preferably having at least 2 and up to 10 carbon atoms,
polyéarboxylic’ acids, usually amino acetic acids, such as
nitrilo-triacetic acid or, wusually, alkylene polyamine

20 polyacetic acids including ethylene diamine tetracetic acid
(EDTA), diethylene triamine pentaacetic acid (DTPA), N-
hydroxyethyl ethylene diamine triacetic acid, 1,3-diamino-

_ 2-propanol-N,N,N,’N,’~-tetra-acetic acid,
e bishydroxyphenylethylene diamine diacetic acid, diamino
25 cyclohekane tetraacetic acid or ethylene glycol-bis-[(B-
aminoethylether)-N,N’/~tetraacetic acid] and N,N,N’/,N’-
tetrakis-(2-hydroxypropyl) ethylene diamine, citrates,

tartrates ' N,N-di-(hydroxyethyl)glycine, gluconates,

lactates, citrates, tartrates, crown ethers and/or

_ 30 cryptands. '
Particularly preferred complexing agents are EDTA,
DTPA and N,N,N’/,N’-tetrakis-(2-hydroxypropyl)ethylene
diamine. The complexing agent should form a soluble
complex with silver ions in aqueous solution under the pH
35 conditions of the plating solution. We have discovered
that for some compositions ﬁ-hydroxyethylethylene diamine



conductive netal pads and/or through hol es of a bare board, and in
whi ch the substrate, includes:’ non-netallic areas which remain uncoated
i~n the process, which process conprises contacting the netal 10
surface with an aqueous displ acenent pkagidmg conposition conprising
silver ions and a nultidentate conpl exi ng agent in solution in an
aqueous vehicl e, whi ch conposition has a pH of from2 to 12 and does
not contain any reduci ng agent capable of reducing 15 silver ions to
silver netal, for a coatin t ver on surface.

2. A pr ocesstrfgic%‘? to ac‘f’a“*g aniﬁ‘ °§¥5{Q£Yﬂm£y cipech r3RRin

uncoated are stn]s:(etydmdyphmdd ethgiene diamine Aipcetéesaetdofdirmganho

claim1 or cI ' dc}ﬁ (xch the metal surface conprises copper.

4. A process acco ng ) any preceding claimin whi ch the

conpl exi ng agent i éﬂm pHeaf the conpgsdtion mayrbeafremditio dRanushelly| ver
ions, prefgeraly ygat daasfmt is ﬁ%f&éﬁlﬁy Mek3i W%Bt 104° Thus, the
process accordi ng to laim 1 L t he | ver .ions, are 9resent in
the di spl acemSmRASAY ir‘?@‘ hmay be ¢ivh ta pH JcncéﬁFPEPPSHVSF Fred®o. 06

to 32 g/1, compwﬁ‘ﬁroabh;yf beralkdlime 2oamd lhave st pir efcgebhietr thian
0.5to 15 all. ding to any preceding claimin

agepr
whi ch the co I'eﬁrngfva?é'eﬁfea%eﬁrggéﬂ ﬁ t he conposition in an anount
of from0.1 to 250 Pg/uufferinqpaqeatamay beoincludedibo egnsure that the

22 10 pH of the composition is maintained within the desired
. range. As the buffering agent, any compatible acid or base
C may be included. A compatiblé acid or base is an acid or
base which in the amounts required in the composition does .

15
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CLAI VB 1. A process for forning a sLjVér coating on a surface

of a nmetal ‘which is |ess el'ectro peSitiitésghan silver conpri sing
contacting the netal surfdce with-an aqueous 5 displacenent plating
conposition conprising silver ions and a nultidentate conpl exi ng agent
in solution in an aqueous vehi cl e 3% having a pH of from2 to 12, to
forma coating of silver on the netal surface. 2. A process
according to claim1 in which the process is 10 for formng a protective
coating on a substrate in which the metal surface conprises conductive

metal pads andifiy pe atNEBHEEnERaEIoAb Be02EBn"8208 800y it

B
substrate I nC s non-netallic areas Ich remal n uncoated i n the

process, pref eRRAfLrabnlye L1AR KO0 chated 18 @kl 15Any3 nonxagugouss sSVant: ng
Z 0 ClAai m1l or GEhuld? a B@tmgéht hen g;noumlka!béwﬁmacwéitgﬁtcewpmlhe_ |
. rocess accordi,ng to any precedi ng.cl ai | e c Xin
agent Ps pr esefOBPRSE °§|‘He|pxyr?|ﬁ%§|a%§¥0%%tlow {8%3’%"{%’%‘3 Iqeﬁwe&%fgio‘%' °
preferabl ysat |108sort Sitc byt weighitaof2the plading compasitiangrocess
according to claim j fﬂr‘éﬂéfﬁ%ﬁf%rﬁéi Vﬂgzaedieﬁ@%i%l?mﬂ&?@@néfhéé@ in

di spl acenent pl ati ng conposi 1 concentration fromO0.06 to 32
g/, preferabl ther oplating comppsitipn aofysthe cpEessnt rignEIrn ( ape

gl | 25 6. t@rﬂﬁ@ﬁewt ﬁdﬂt@.g tqm_g&e@dhag Bei ima':‘arpbit-sb?df in the

conpl exi ng agent 1 s _prese in oNMpQsi ti.on_in_an ano r,Qm

0.1 to 250 g/ | amgEpL ra§| ?’Po(?n&}gl tc"d’n% g9/1, pypferably ?om;\w'p?%cté’sgg

accordi ng140 agylprawkdhost cpzeferablifi drcdd 0.05ectoonl exfhyg awitabde

sel.ected from Lagl.ne ' raceti.cac.d.. :di ath A

oot o acet | o aaPiABEEEFE EHR° gegeribBls ok Uebasd A el B0l pRRalAg

di ani ne. @pplikapior ET/GRISNZATHg (Theyamy iphibitews efSidves wmish-wAith

t he di spl acenent coating conpositjon conpgises,surfagtant, 35 wet.ting

agent, stabili &¥AWPde,j % ef ruﬁ“iﬁéb%ﬁ t igﬁtor iPnhPBit&FP°x£iaté%
alkylamine (tertiary amine) such as Crodamet 02, or.

15 triazole derivatives, such as Reomet 42. The tarnish
inhibitor should not be a reducing agent for silver ions.
Other non-active, non-interfering components may be
included such as defoamers éspecially for spray

~ applications (eg, A100 supplied by Dow), dyes etc.

20 The composition should be free of reducing agents
which would be capable of reducing silver ions to silver
metal. The bath is consequently stable. The composition
should also be substantially free of non-agqueous solvent,
although it may be necessary to use a non-aqueous solvent

25 to introduce some. cbmpohents, such as some tarnish
inhibitors, into the composition. 1In sngh cases it may be
satisfactory for the non-agueous solvent to remain in the
composition. . |

The present inventors have found that the presence of

30 halide ions can poison the plating composition. The
composition is thus preferably substantially free of such
ions. |

The balance in the composition is water. Deionised
water or other purified water which has had interfering

35  jons removed, is used in the plating composition used in
the process of the invention.



25 ' T57% A process according to-af aviwasin i oh-sirsact ao I INIHUNLNAN

i hcorporated in the displacenment plating conposition at a concent'ratiof *

of from1l to 15 g/l. 10. A process -gggording to any preceding claimin
which 5 the plating conposition is free of reduci ng agent capable of
reducing the silver ions to silver netal and free of hal i de i ons. '
11. A process according to any preceding claimin which cont acti ng
the metal surface with the displacement coating 10° conposition is by
sprayi ng or di pCEAIMBig in an i mMmersion bath and in which excess
conposition is reused in the process. 12. A process according to
any preceding. claimin which the metal surface i;s contacted with the

i mrersi on coati kg 152 PERFESSt £% £ermipgnpr1prokestdye: §11VeFKi nut es,

preferably cohtdngcoRchabubstehter REViAgt @ fekalr kGrraset wateheighl y at
a t enper at yre of rocess according to

f%ﬁﬁ]lg 3%150[§£rkc. 13. A @

any precedfng c ﬁﬁﬁlﬁﬁe FeRositive,Eha I?é}vsﬁaFPﬁch PFA88S¢ han O0.5[err]m
thick. 20 14. condprtivesmetadr padg anddoy pheoughnboiksi ofi a hareh

prior to the i MgBhahoNaRhathNgnIEAPLnkNEnTELPhe8EhATGARS cl eaned by
contacting with an aéidic cleaning solution n an_aci d cl eani ng step,
pref erabl y undePgbrigtalpdst arpasevhich xeapiprpgpoatedhdni fhersi on plating
step. 25 15. p£o§é§§$Sﬁh&&ﬁobébaﬁsEOCQEﬁrQééﬁ?dbﬂﬁaéhih§1tﬂe“ﬁéﬁ&l

prior to ntactlﬁg t he nﬁhal surface Wt ige |nngrsiog. pl ati ng
conposi ti O, t hBURERSP ¥aFRa2R afHEPYScdigPirceRent Plagingi ng step and

- pgef erably bet weempbsdtionr compehsingssthver ionasdahdeai muktidentatati ng
step, there is agn,addiihgnabeft ¥n38o1utiBRCifi! 8R aqueous vehicle,

which composition has a pH of from 2 to 12 and does

not contain any reducing agent capable of reducing

15 silver ions to sil#er metal, to form a coating of
silver on the metal surface..
2. A process according to claim 1 in which the areas
which remain uncoated are solder-mask coated areas.
3. A process according to claim 1 or claim 2 in

20 which the metal surface comprises copper.
4. A process according to any preceding claim in
which the complexing agent is'present in a higher
molar amount than the silver ions, preferably at least

£ : twice the molar amount. _
25 5. A process according to claim 1 in which the
- silver ions are present in the displacement plating

composition at a concentration of from 0.06 to 32 g/1,
pfeferably from 0.1 to 25 g/1, most preferably from
0.5 to 15 g/1. |

30 6. A process according to ‘any preceding claim in
which the complexing agent is present in the
composition in an amount of from 0.1 to 250 g/1,
preferably from 10 to 100 g/l.



16. A process according to any preceding cl aimin which t RO

coate

17. A process P di ng to 3Me§

d netal surface is subsequently rlnsed and, optional‘{

e NBEAL RB AE BLB o itavme pSyERE At o

conpo
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(54) Title: SILVER PLATING
(57) Abstract

i In PCB manufacture, the pads and/or through holes of a bare board are protected prior to mounting of other components by a silver

plating process. The silver plate is applied from a plating composition by a replacement process in which silver ions oxidised copper and
deposit a layer of silver at the surface. in the aqueous plating composition the silver ions are maintained in solution by the incorporation of
a multidentate complexing agent. The compositions may contain a silver tamish inhibitor and are free of reducing agent capable of reducing
silver ions to silver metal, halide ions and substantially free of non-aqueous solvent. Surface mounted components can be soldered direct
to the silver coated contacts using any commercially avaﬂable solder. Silver does not deposit onto solder mask, but only onto metal which
is less electropositive than silver. . .




