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SI LVER PLATI NG I N ELECTRONI CS MANUFACTURE FI ELD OF THE
I NVENTION I n the production of a printed wiring board
W@ BOWB)22835 N a first (multi-step) stage a "bar epbODaszins/ 005702
is prepared and in a secondl (nulti-step) stage,
vari ous conponents are nounted on the board. The
present invention relates to the final steps in the
manuf act WELVER tFEADENG hoaTECcTRONTT S hvANer Aererioar d
is coated with a protective layer prior to passing to
the second production stage. BACKGROUND There are
gﬁﬁﬂﬁg conponents for attachnment to
F?%gkﬁgﬁgﬁg%gﬁzs I n fﬁi second stage referred to above:
| eggda chperetista.cy afesi giramged mansinst dresrdet (PWB) , in

and, nore recently, surface nount devicegs.. Legged
oGS eri s S REG R % OB rbaay s Fifg ety 2nd
i9f af RedR@s (ineudhtad)ols dge ,t R el cbonents are
subsequently ensuring that the hole around the leg is

mauntest Wit thsolgard -Sea@r ansit ANt me lataf e the
90N S A 3G e WRRAULY SH0lIR G b T wnich
contact area or by adhesion using an adhesive. 1'n the

thier $arsd agarndefier rcethtieal abiove a pricozat iveniEysEmemr to
i nsyl ating |layer, a conducting circuit pattern and
PESTIIG itFe tﬁ’fd?%?&‘/dorprt‘ﬁ%g‘%%&t@@q 's produced. The
board may be a multi- |ayer board having nore than one
conducting circuit pattern positioned between

BAGKGERSUNAY | ayers or may conprise one insulating |ayer

and e.co ct] I G UI rn. o I - S

my BLSSatas CHRSE S bt sy of omrsr R
atardietanty tand Hehdgpad dosltideh ifrortmd kecond stage referred

to above: legged components e.g. resistors, transistors,

etc., and, more recently, surface mount devices. Legged
components are attached to the board by passing each of the
legs through a hole in the board and subsequently 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
adhesive.

In the first stage referred to above, a board
comprising 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 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

areas to which the surface mount components will be
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areas to which the surface nount conponents w ||
beattached in the subsequent conponent -attachnent
wGe@gme22833 € al so el ectrically conducting. The PCT/US2005/005702
conductive areas of the cirxuit pattern, pads and
t hrough- hol es may be forned from any conductive
material or mxtures of different conductive
apheehed 40 They SubecguRBta crPPRERBTcA L LRGSRt SREe, are

aﬁ%%p%ﬂec§E@%%1Q§¢ o%?%%tqg%Fer tends to oxidise to

r

orm-a copper oxide layer ‘th poor solderability,

pri orhio cpasisicing vieo atreassefonthe cimponénpatietrachpads and
st age rotectiye layer is coated over, the pads .
thRaLeR-PRLSGRNoPE APEREIWAERE FEY SOReHcrary uterial or
ik S Qlrd gl #lFichielt Rrkievarte hareatiaar .ofrhaypeard y
sol derabl e surface |ayer of copper oxide. \Wile there
geserorld vt haweyeg wdped prepacoRfethe SHRE KYRdS 1 me

one of .th t w.del e fLOn ek ;
BRPE IS HE T KA o e D o thack ey BarsT with
p@@ﬂpgﬁldbswﬁﬁﬁﬁtWQcEﬂﬁgugpnga@s?n@oamdt@@n@ﬁmdqd,
conprises an epoxy-bon [ J | ad
COMESPER L TR o GRSt Vo BFAEFILAYS GaNaTalt CHre

RRA ¢ n Lo 28 8 Pt ieH ) @ih -BRArd havisngrldeerinaties desired
conductive |layers which conprise circuit pattern, and
tionsdtatiimgdlalseredi 1ty dondureriend rmeraEtalon £f a poorly

rally met f oi-l__and [ RYA . -f Ol :
Peapoie Bhacsdr il T unitd BB {4 cped! 3o
e s e gid Wead ot rdmieny d heaterealbassidyy ane of the

AL T il 8 TSI
Rld NG RRC eSS, YL 8P RIS KA ORRYpdAY efsMiBd)he

entirety of the board: both on the upper foil surfaces
tarchroinitehe Suwrto g tbdrotd gandraddy, CrvIcE aratanqxgl -bonded

fi etrrg_zyelr}ﬂscsoaltaeyde:c\,\'ictlhada c!r{ %hrge or both sides with conductive
material. Generally, the board will be a multi-layer board
having alternate conductive layers which comprise circuit
pattern, and insulating layers. The conductive material is
generally metal foil 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
automated drilling machine. The holes are then "plated
through" using an electroless copper plating process which
deposits a copper layer on the entirety of the board: both
on the upper foil surfaces and on the through-hole
surfaces.

The board material is then coated with a light
sensitive film (photo-resist), exposed to light in
preselected areas and chemically developed to remove the
unexposed areas revealing the conductive areas which are

the plated through-holes and pads. Generally, in the next
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sensitive film (photo-resist) , exposed to light in
presel ected areas and chem cally devel oped to renove

wo b@coreszposed areas reveal i ng the conducti ve BPEEES2005/005702

whi ch are the plated through-hol es and pads.
Generally, in the nextstep, the thickness of the netal

sel, ithet R iexpesed oF ede methul Ifoiup By tdef WhidiRfed areas
copper. electroplating step. A protective |ayer of an
i ilésiupt by Enritdeys gappPgera elies terrdat-ingad tan -op

pll:%_tﬁ%%@ilv%d 1%:5%&_ UFe 8 Re3d g i ghaned ;60 %ll%%{a 18£8 tin

. The photo-resist is then renoved exposing the copper
ofrott imedeesdl adddyt he eppdsed ovpepetheuekposeds agtd dd ckened
away using a copper etching conposition to | eave the
C@SﬁﬁéfaFﬁ%Fhe circuit pattern finally required. In the

next rgkephdcle reisd s@r ild Rhle@adetloh@ e&postins the copper

stripped away. Since conponents will not be attached

fog weacyedpandcitheuiekPrsgfe $OPPEY] SuFdacealilsy etigihgd away
ssar C - r..fqr._attachi :

S Aot E Sy PR B R ot e, B8 ey, 1o

thiee ctiratds. pSaltden fasklily tleetdfrede dampltihed nlecctt kcep, the

hoard tq protect Hhe areas where the salder coating is

EAdt e qdird§ak Grt leVarkiSe Sthsitfy Sk T<OPEEN Rt i ng

Process el hpblen®adiid it echniguathalhewed P¥ne copper
devel opnent and, optionally curing. The exposed copper

CArCcUig holkessand tpads dieseriada Yo osa e egsd sprepace¢dedr the
gakder goatind And t he Pratsative salder (0atkNGugn hole
su 0 |gd, or e aine by I in-a

sequent ['y "ap MET'Si on
asd ged haths boltl avwed thy hetacaisr. lsevdeirngackAli)s ttherefore
forma protective sol der coat%gg on the areas of

BBYPEL k6t LGabLATH (R SFPIEFtEbE. SFRESsHPEEe Fogs solder
Bk iWet ikhecsohder, TRk $o-! Rahnpd CRaLNRY 4 $iriied

on top of the sol'der mask protected areas. At this
petiagengt beogesisd ocomoitoes maging technique followed by
development and, optionally curing. The exposed copper at
the holes and pads is then cleaned and prepared for solder
coating and the protective solder coating subsequently
applied, for example by immersion in a solder bath,
followed by hot air leveling (HAL) to form a protective
solder coating on the areas of copper not coated with
solder mask. The solder does not wet the solder mask so
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 conductive
layer. The conductive layer or layers comprise a circuit
trace. The board also comprises a pad or pads and/or
through-hole(s) protected from tarnishing by a 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



| east one insulating layer and at |east one conductive
| ayer. The conductive |ayer or |ayers conprise a

W@R006022833 r ace. The board al so conpri ses a padpOr/UPBAF005702

10

15

20

25

30

and/ or through-hole (s) protected fromtarnishing by a

| ayer of solder. A single conductive |ayer may

ko i sEnei eheeudt ciraces omackee opopad (s osabedhwith
II be part of a conductive layer which is

an outer?ayer of a multi- layerboard. The circuit

tracesuadn 4 heodedr ik af eadpat & b Mbdded Of HOF hdBS KoY Cht age
board is ready to proceed to the second stage for
fg‘ﬁ AR m%‘fttch% eprperrEreent & t st@e%oﬁmlc@m@g%tage,

SENeF Al 1 a?&ﬁ}ﬁ@{tf Of i eve
using solder: first tfayer &ggé{@ o peve g using

gloter i Sf s sy c@rlaﬂmrfdmxs)olcsezammsml Oa'tlsmp:tiwlng solder

pOSI&XRgeneraI% bC%/ Cﬁ{l nttbtb%r and Csme co on]iejsn;tskngﬁ;rmting

drentck | dorgiores tél:é”p’&&%dr&@d Qh afhd h;?rﬁrpd&@fbéa&ds
t he sol der paste, which forns a contact between the

slsarfdquhé“%eﬁ@j i quentetss nredursvtusion of
s i %#lteédoar sr%sdgar Io

process 1s use |s passe
Hyatweesf tiod tcennmmgmrs drrd eHeh&oabe Tdd tplfmaél Sds is known
oId i S u over d above any protective sol der
eﬁ% 49 o ecfd}ﬁﬁ%"@gty Ghd'ofe fqlstatiimy process

1ly)tdzselcfggﬁde1@l‘p&n@t1§>a&® 1@1? é‘c?c‘cﬁrerp%ntbé:{%\”d:tle%olten
and the special requirenents for nounting nmany sma

1681y gpsdédregompere mds itdvmale s lided iim M&erdﬁasar and
rfa Qtectiaqn coating for the
%%yo ndt livf %}1%;1 t 58°¢oMSonent s will be

con uct i v met a he co
at t adted add:rth@nla\mBs:onig:L lick tdssenidfala tithath it JduH Sfegged

re board manuf acturer does not | eave
c%'?rpl | edt?%aé{%l &Egvgﬁlr @rqeag@u% devices and the special

requirements for mounting many small closely spaced

components have resulted in increased demands on the
surface protection coating for the conductive metal to
which the components will be attached on the PWBs. It is
essential that the finish applied by the bare board
manufacturer does not leave a pad with an uneven surface as
this increases the risk of electrical failure. It is also
essential that the protective coating does not interfere
with the subsequent solder step, thereby preventing
formation of a good, conducting bond between the bare board
and 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
formation of non-solderable copper oxide on the copper

surfaces prior to the component attachment. This is
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preventing formati on of a good, conducting bond
bet ween_t he bare board and conponents. An extra step
PAThAFELat h¥ pFBPEERRVeDesatBag penesablgdspeakdnhe Fhe

i : | aboye, the copductive mneta
i R S i ST
peocerried cutfatecouplebelappifedranttBetend ohethemay

| LSt st to prevent t formati on of non-sol derable
LB e §n B RetdtppRretiTaces  pri brErespEormation of
cONPACEDhg absas hara RESubRPREILEULAA! Ynl -
because, gggerally gggaking?éthe first stagengﬁﬁggﬁént
ebdfignecbnporsat  dating hwench st dge Qkidabéonaﬁaye?ccur.
ifferent, sites. There y therefore
B o T Lot e s S R e wor re  ehogp weil
xoraint iing pabide sl Df t ¥ e Dugbnded €Engngat &ei £PMReRestapl e

- at h t stage, during which tine oxidation may
aoc%%ﬁg n%?%%%?t% % JPLES | WReR gt ngPTRORRIRLS r 218

At cdhad | do retaipatdensolglerability of conducting
mat eri al and enable a soldered joint to be made when

t he cBMpOMRS sCameomtpReirct tan tdeathiaie hossest 1y Tieed is
B GATRD 0! LB ERPUN, BLESELY WSl mor
gihotsalidersal elerl 1rey)el pishe ¥ 0GRS Sox b 18X &P | v Adh W ch
| s descrjbed in detail above. HASL processes are
4%%%&?%%[@%%1 3P £ | AL tRF HHASE T s ol derted
raeenride and itshQiitﬂ‘ﬂicéﬂﬂecssccgi%li)})H‘%ieo% roducsd by thes e
use of HASL processes makes I't 'difficu To réiléﬁly
taritckate ashel vadrryl kel dn gnobdiceskelby Sy etbec M GIESTE S
;ﬂﬁ%&gg%% f%g%%-.f?“§¥é¥iéGT@ %%?T%‘ﬁa'f;nggggéiféﬂeth;y
small and closely spaced components now being used.

Several replacement treatments for the HASL coating of
a solder layer are being introduced. The coatings must
enable formation of a reliable electrical contact with the
component. They should also be able to stand up to multiple
soldering steps. For example, as described above, there are
now both legged and surface mount components for attachment
to the bare boards and these will generally be attached in
at least two soldering operations. Therefore, the
protective coatings must also be able to withstand at least
two soldering operations, so that the areas to be soldered
in a second operation remain protected after the first
operation.

Alternatives to the tin/lead alloy solder used in the
HASL process, which have been proposed include organic

protection, immersion tin or tin/lead plating and

nickel/gold plating. In the nickel/gold process electroless
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a solder layer are being introduced. The coatings nust
enable formation of a reliable electrical contact with

wo b@comsponent . They shoul d al so be able to ste@DUS®0H/005702
mul tiple soldering steps. For exanple, as described
above, there are now both | egged and surface nount

plafpegenits ther cappeshERRfalest e kare ikadavds amrdwhiese a

wi |l generally be attached in at |east two sol derin

DERBELt LoHST Pherdfbed, ishapprécecrnve Ebst copparudollowed
0 b I t hstan l.ea : ring

B Aok O s bRt The BPERSTo B Sordqred T Fecause

thecendrepearatyi process 1stppst eated nabddd ttiba ,f ithst use of

operation. Al.ternatives to the tin/lead alloy sol der
98E§drﬁﬁuﬁﬁ§ RRSEp FEEESS I Vi PER “f&Fe been proposed

i ncl velg a0k GaRkre tRCRL QG ifRR theMebpper palsoduldiiy ekdrage

pl ating and nickel/gold plating. In the nickel/gold
apdoessemllyc Prdloas §p olhgrandt haveopgse @@.ema@%ie@ed

r ut _i i C rimer, | foni [, i

<355 33 s i oded, s e T ey e e g
sihigd epiddesis boaridscdriveni eokriecshieht have acaduatyve pads

process steps and ip addition, .the useéﬁﬁ gold _results

[

O OBl Ye RPEN S8 ) pr 3085 SOGI G 6 FrBEEELdn 2P 1BRe PY dip,

SRR L PP 1AW iRE 3 Her. g raRd RSS! Y iRl i di¥ficult to
sol dering have al so béen effected using flux |acquer.

Py idee ai sogensitgnty cogtfinged ot hei hgleass isgad Asesr ¢
i ..e. Dbeards [ e dyct i ly e :
1rEe T eMieRs Y SR KR VB BRERA 0y ) M egpeing

a0l el lies deabingd.stentorcbandnel yhiicknessdi ffdsuilltts .t #lux
provi de a consistent coating to the board _surfaces $0
&

lpicRiveEd PRME exsectardy foyae €6 TRYSpér §1A)F Lok lihshort
sHRAME AY FAND Al @ik NEARTI el €L N9 kheClRGFDnent -
results. Flux lacquers have al so been found to have a
at¢lkahmeslcy stlhaget, if reflow soldering is to be used to
attach the components, the components are held in place on
the underside of the boards with adhesive. In cases where
the flux lacquer is thick, the adhesive does not bond the
component directly to the printed board, but instead forms
a bond between the adhesive and the lacquer coating. The
strength of this bond can drop during the fluxing and
soldering step causing components to be lost during contact
with the solder baths. One other alternative currently
being used is passivation/protection treatment based upon
the use of imidazoles or triazoles in which copper-complex
compounds are formed on the copper surface. Thus, these
coatings chemically bond to the surface and prevent the
reaction between copper and oxygen. However this process is
disadvantageous because it tends to be inadequate for
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
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shelf life. A further problemis that in the
conponent attachnment stage, if reflow soldering is to

wheoodsEas3s 0 attach the conponents, the conmponePtHUS2085/005702

held in place on the underside of the boards wth
adhesive. I n cases where the flux |acquer is thick,

sthelezdhes oye rd@e snnole cbir@d tibh et Fnefhet rc%@fdoheh‘ts One
the printed board, but instead forns a bond between

exREPAEhesi $EChnd PROCESEqIEr JTaN AF. EFhe-9rRédgeh shere a
p&%b%s@oqg QQQCQE%Qdd%r&thgh%uFE%é'nQr%@@né%!d%@'%%%ﬁ$r or

tep causi ng conponents to be during contact
cb@@esobdebyhatbmprﬁm&n@th@meabu@gnaheveuaﬁemﬁntﬁycopper or

bei ng used is passivation/protection treatnent based
QR R 16¥e 16 S PULETSs SoN SO GPBS AL G

b%%&ﬁ%ﬁd%%@ﬁ%e%oﬁﬁﬁﬁ%ﬁn%%v@&% Ler BRMyaN GHRCFPYIt least 3
surface. Thus ese coatings chemcally bond to the

caunbloac @ tame |§lrte\té1|¢t 2-vesisderi. oﬁn@etam@ﬁrgé@weracaﬁd
b’é%%%%e sHyeven JLhi %bo%o 3% %R@%%V% %%9_% usmg
ecause 1t ten S tO e | nade te

conpeedtivassahdet rgpnpirdpe Sciltvhaa‘t thﬁlolmlggh:omplex1ng
tenperatures reached in a _first solderln% ste tend to

sy&SENsy foke SLEFEF AMTSEn S&&Nﬁe& Pt SCaRd es are

SRR GUSRE d%wl%@qua%@ PR sReededdt @yaRURe UdddEr The
conponents. One exanpl e of such a procesSs is given in

aERONIG4 28383Ms wirer ¢lisagivecdegeiosisddegaiused ther ammenia-
surface Lreatment of QRR&r 9L |1
c&sxrtf&,lirgﬂg';g 1L ves SISI%)gUt IRRE %%%g%ﬁal% 2R ex 81081ve

. e Surface 0 COpper or
adilde)s imayak ca@eeus oval . Utihdpsedphaitki Rystems are
benzi m dazol e conpound havi ng an al kyl group of at

FieahVaBtEQYRHT 4R WhE R FISAHTOR LS d v Srgahiseause
R Pl Al A0 KAy veéaavtnn@rsow%eqpaaégmsc in

u3|ng conpdsi tions which conprise silver.
peanp lsexideg adyi dtidrys Sfoorth@Itecm ctlh@sguéqslaqererm aanmgment—

ag:); ?%%r%agsré%pa}% rf)loao rb ai ect rt 1'?:Iaq.s 4 ld?l'%aamtc% %%%e ckide afnodrme d
between the bare board and the component. The cyanide-
based systems are disadvantageous due to the toxicity of
the plating solutions.

In U.S. Pat. No. 5,318,621 an electroless plating
solution containing amino acids as rate enhancers for
depositing 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 plate directly onto
copper because the copper rapidly dissolves without
allowing a silver or gold coating to form. In the
introduction of the reference, "Metal Finishing Guidebook &
Directory" (1993 edition), silver plating solutions
comprising silver nitrate, ammonia and a reducing agent

such as formaldehyde are mentioned.
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amoni a systens are di sadvant ageous because the
anmmonia - containing silver solutions are unstable and

wez@ensisge azi des may tend to form Thi osul phabP@r/US2005/005702

systens are di sadvantageoussfor use in the el ectronics
i ndustry because sul phur conpounds in the silver
coat ings fratnedor.eqylsts 3i, 17 spoarl seoldderxdhkiseist v le@ tiredtes s

in the subsequent conponent - attachment step, a poor
séilyetr Pdalt 186t 46t ey 53 oPdARe a&@?w@ﬁttlﬁéo salgtion. In
M2eand @and e qIRaigni (Ihe exani7de o rhaged WHETed

are di sadvant d&geous due to the toxicity of the plating
igolentsiions silveyi®g P4t colpers pRIGed2 fram @ edtatdingss

pl.ati.ng sol uti.on_cont.ai ni.ng.am_ng acids as.rate

Lafinics: £orte fptere g o niderte: 2 d Bese8n ce

coRptliekd neV eigeyitng I¢OPREA 10F idighieiy t(19Gand August, p 53
di sclosed. It is described that neither gold nor

Geilidy S seirdeco e $4 1yieadt iCRg tHEGh P1PEEEF dRvolving an

.t hi I s.ph i) l.at i fhY R er

lbgggége%{iﬁ%opl&ﬁ%r %frf:rg;ﬂgl I)?I%s%sc;%lr‘\ieéso% i trhosut alrfag\%gng

faldidweer byr ag@lid veoatpilag ing fstem inn whhieh @t tddipdt icomt ing
f the reference, "Netal Finishin i dehook &.
'Fé&"&ry'ls(_ e&yitEiCh P ,Soéi‘ﬂt\}é’?‘ gfaﬁ J SoMi§Gire and

PORRRNS i cAilaeer Thid pHRestmMmeNifdrand st ifRdWwH R ectrical
agent such as formal dehyde are nentioned. U S. Pat. No.

CONERTLEG G Calise reinse ¢oasiusItdatityl-ess sil ver plating,

usi ng._a -Gyani-de- | gL l_yt.ign.; J -

il R SE LSBT B T SRl il RasERh e

ginversi drisd werd rgbelkqueppdly pawderd mwdnha aplretricagpt an

solution containing silver nitrate and a nitrogen

OFREE hg BFENEDY KM Fi ni shing (1960) August, p

53 Gahd pesciined 7@ HalokehctRald RehdN AEeTHPgM0latidnGoated

an initial bright dip of the brass or copper
wifs pedtl@dium 1n a two-step process including a first step
in which the surface is contacted with a bath containing a
palladium salt and an oxidizing agent, and in the second
step with a bath containing a palladium salt, a complexing
agent and formic acid or formic acid derivative. The latter
bath may also contain stabilizers for the bath itself,
which stabilize the bath against decomposition or "plating-
out". It is suggested that the copper substrate should
previously be etched using a non-bright etch bath including
persulphate. However, such pretreatment steps tend to
produce relatively porous coatings. The inventors there
minimize the porosity of the coating by using the two-step
process in the first of which a very thin coating is
formed. This reference warns against using silver as
corrosion protection due to migration.

It is reported in for example "Modern Electroplating"
by F. A. Lowenheim, published by J. Wiley & Sons (1963)

that silver will plate by displacement on most base metals
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followed by a silver plating step in which a thick
coating of silver is plated froma solution of silver

wmedos@ra3and potassi um i odi de. The process i s POI/US2005/005702

plating of electrical contacts to increase

conductivity. In JP-A-04-110474 a base material is
bltat®&d twiitdmesisliver platiedd saneesuhise gpoentllyy aidheateed . F. A.
with_a mercaptan conpound to prevent _tarnish. In

LoieBhe3To6PIIEEES FORAl YNShc R84S TCORIE 8% Dask agtals
Witk pakladi U 153 AoiRseP b 063es iknthitding &l ¥4 1m

step in which the surface i's contacted with a
ofomtidivengna thel Wadikupisglet faot anhagihdicyiamg degettrike bath
and _in_the seca st.ep wiith.a bath containi,ng,k a

APPSR anEsaty SA0eRiR Bhi My Radone SR R0 Rhe Shopd aged
shiokgC 1a6led . deri vative. The latter bath may al so

contain stabilizers for the bath_itself, which ,
st ab¥-iSze Péffe B&t-h 6ad&icnsSL SdEdsF3oses 6/t dimmersion plating
RN b1 et oS 349885 LaE of RRLHRe WEARRLoperates at
psuggsrsate sﬁoﬁtgngfes\sl'i ously bg et (E:Dﬁed usi ng ac\)pera °s a- @
prerferieghtpHetremgeatof i4ncloudi.ng Upér.s PaghaNe.. MowewerS1 also

t t, t st . dt .0d | ativel
OIS Borts HGE==RIET BVONEDy £ ICRATE RERIRLE 1 he

porosity of the coating by using the two-step process

in the first of which a very thin coating is forned.
SPMMERYe O&r dliEe IRYERNT I&Yai nst using silver as corrosion

pr ot ! UG L e%%g%atk%%'i %e'%if%qut%ﬁﬂé%déa'to a
exarr%l e “"Midern I"ect rdplati ng&;)" g‘y P A JCovenhei m
prokleisshethdbyohposiitiien Sors Agl P63k inkatk sidtedr swrflace
plate b displtac%msnt n nost .base _net al Sf%lflt t hat £
CORREISION FRRCEE S &S §S 8dr By T4aEr dift-" @ CoRPesition
cEﬁ?ﬁﬁ@@h@‘%Ugﬁﬁé%% Yraaghenselaeet kaRlat itkd thes@by form a
metals with silver, it i's necessary to deposit first a
Aghibasied woatt isidl war the Mg aloskrfiasce fhemedn the ionic
c%%%%h&y%&l%%es%khk%sq%ﬁgn is such that it has a room
temperature conductivity below about 25 mS/cm.

In another aspect the invention is directed to a
process and composition for Ag plating a metal surface
comprising contacting the metal surface with a composition
comprising a source of Ag ions, an alkylene polyamine
polyacetic acid compound, and water, wherein the
composition has a pH between 1 and about 3, to thereby form
a Ag-based coating on the metal surface.

The invention also encompasses a process and
composition for Ag plating a metal surface comprising
contacting the metal surface with a composition comprising
a source of Ag ions, an amino acid inhibitor of Ag
deposition which slows Ag deposition rate, and water, to

thereby form a Ag-based coating on the metal surface by

displacement plating under plating conditions where metal
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to ensure good adhesion of the subsequent
el ectroplated silver layer. U S. Pat. No. 6,395, 329
waol@elogzses an i nmersion plating process for plRCT/0§2005/005702
silver onto copper which operates at a preferred pH
range of 4 to 7 . U S. Pat. No. 6,200,451 also
odli $BOses adn suifacel Funsitlives Bsabl #gdRcaees agehdMYBRY the
OF THE I NVENTION Briefly, therefore, the invention is
Agi feBfed to a process and conposition for Ag plating a

et Al S Wr FRCe HeQMRILLELRY tHANL AGEHRY ohng JMRlidle R 8CC a

Wi th a conposition conprising a source of Ag ions and
pwatesst endheceppstitcimna fAg- Bgsed atdagi ag et alhsurdiegle

surface, wherein the ionic content of the conpasition, .
CREDEABR B SE P S5 oMt EtpSTALAFE Eafuct ComBpeLtion
chabeWwsabouh 22uFbeC®f hg aBekhetnaspeeb blked Reqridted from
is directed to a process and conposition for Ag

thraBrAYPa CRBEAS tnEl afe COIAPHI PRFSEENCAc BTy TRIFE™IC

IR ReBUEAGE Aih 2 GATRAREY) OB o QIRLBING AP AL BE based
0 g 1ons, an al kyl ene pol yam ne polyacétic acid
coampagndn ahe wated, swirdaeien t he conposition has a pH
between 1 _and about, 3 , to .ther

ﬁb%]forn1a A%-basedd

coat i'ig Of VERE Bt 415 §dSPaldISFREY heft PEFCRSS, 21
PERRISHS TR AL aRNGgCaMRRShlll @firifalc e A dRipatiisigga
al surface conprising contacting the netal surface

c®

rre . [} [} » . x
o@intRcE loembdsi Mesr L swgiiasieny 14 hs ucoEPeR 1Ag Ao #OMPAR S1ng
2P NQ.AC 'o‘% 'Ag{' alor [0 %19/8 n‘é%q%s 'dte'rqr\'ra\ﬁglv%h %Ja%‘@%,p‘%o
deposition rate, ard water, to thereby forrh a Ag-based
theatbyg forn ke Arpebalsesuichatd nby ot Shleaoeteilt spirdticeg
under platigglconditions where netal of the netal . . £
sur f BFETPURELESN & SRE CL 5 BdGc Pn§TRGETE P@E’fﬁ@mﬁﬁlF&ﬁ§ or
Ag plating a metal surface comprising contacting the metal
surface with a composition comprising a source of Ag ions,
an ethylene oxide/propylene oxide block co-polymer
additive, and water, to thereby form a Ag-based coating on
the metal surface.

The invention is further directed to a process and
composition for Ag plating a metal surface comprising
contacting the metal surface with a composition comprising
a source of Ag ions, an alkaline earth/alkali metal-free
source of alkylene polyamine polyacetic acid compound, and
water, to thereby form a Ag-based coating on the metal
surface.

In another aspect the invention is a process for Ag
plating a Cu surface of a printed wiring board substrate
having electrical interconnect recesses comprising
sequentially a) applying a Ag plating composition
comprising a source of Ag ions to the Cu surface, and b)

mechanically assisting the Ag plating composition into the

electrical interconnect recesses.
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In a further aspect the invention is directed to a
process and conposition for Ag plating a netal surface
W@ o0upN228B8Ng contacting the nmetal surface w th BCT/US2005/005702

conmposition conprising a saurce of Ag ions, an am no

acid selected fromthe group consisting of chira

I somghe dhvend ibacdl alEoxdiresteld aloarl peintRd Waleng

to thereby forma Ag-based coating on_the netal
FadeViTHe G EHETERTINE CAISs S NgirPd et £GVieda dpsddsse

2R GRS itORf 95 AG R ARG AT HYAACR at least

conpri'sing contacting the netal surface with a

abouto $iot iaderdempr Bgi.ng a source of Ag ions, a

hyda in derivative,, water, to _therehy forma . :
Ag-bgégﬁrb %PF Ssoﬁnghgﬁﬂﬁﬁﬂs ?&rﬁg eéﬂ&%ﬁﬂjQHlﬂéll be in
pasRechpprarent RMECEsS pRRd ¢RITR@SI vt hercAgaFitald.ng a
nmetal surface conprising contacting the netal surface
with a conposition conprising a source of Ag ions, an

t ide/ I [ | ock - pol
Bgéggﬂt SRS X! ow%%yﬁfﬁ%%éyggqyc@ ock co-pol ymer

ive, and water, to t forma Ag-based
coat ifgrsan 1t lkadmet alres plicsice ofTleeaitiwgntthdrkine sfsunt.her
directed to a process and conposition for Ag plating a
a*9s i f%ce conprising contacting the netal surface

Wi t h 58 gGOMROSINA aN aG@NPRI0I0VIXN Phd tSA g I@Nag an
al kaline earth/alkali metal-free source of alkylene
cealtyagisne pol yacetic acid conpound, and water,

to
ther%q sfo%q@aaé%'gﬁﬁ%%aQQ%?!%%r%ﬂs%h%e@%tlhd%#ggayﬁs.

| n andther "aspect e invéntion is a process fo

pl at iMgsa Guaswr lacaref Aager pred idiersi.ng board

substrate having electrical _.inte Qﬂnnect reqess%%
lance

conpFitéi-ng lséquénBiat i SPLEFEARIHG to RS HhEE
d&@POSI tion

Figs. 12 and 13 are box-whisker plots of surface
insulation resistance and electromigration resistance.

Figs. 14-23 are photographs of Ag coatings.

Figs. 24 and 25 are plots of solderability wetting
balance data.

Fig. 26 depicts Ag plating solutions, and Fig. 27 is a
plot of Ag content of such solutions over time.

Fig. 28 is a photograph of a PWB after a dry bake
test.

Figs. 29 and 30 are SEM photomicrographs of Ag
deposits.

Fig. 31 is a graph of Auger data.

Fig. 32 is a graph of XPS data.

Figs. 33 and 34 are plots of contact resistance data.

Fig. 35 presents photomicrographs of Ag deposits.
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conprising a source of Ag ions to the Cu surface, and
b ) nechanically assisting the Ag plating conposition

WO naos/obdsas el ectrical i nterconnect recesses. ThePCT/US2005/005702

invention is also directedi12o a printed wiring board
havi ng Cu interconnects therein having a surface

DETAILED ORESCRE POI ONNOST mmmmmm:mbmmmﬁss es at
| east about 80 atom c % Ag. Q her ects and aspects
of tABS APFSOIEIRTWLS dﬂé”elcﬁeﬁartp élp&lalrs@%@c&ﬁ@qtn medal

p%%&%r%ggg%keg%rth@%E%ﬁ aB@%EthE§@3IEgég“égéég#§$081tive

Figs. 1 and 2 are plots of “coating thickness
base U@&Bﬂngstpﬁateﬁ|gsthBaam@l@taw@l&O@@Xe electropositive

om crogr,aphs coatin .. Figs. are Ag
By TERAT B COS Aho g ais 2H0LS SLAHI"8 ar e
s iRQN [@%itafiindnglldng dfPlkdle doreoledeialidddaitive
wetting bal ance data. Figs. 12 and 13 are box-whi sker

msitetls apld othracaddisivas G desicsidsde hergin so as to form

pﬁ%%% rg‘%%akkggﬁkﬁégéhéﬁggbpo§¥% V%Ag%% %relons of the

coatin 5 are plots
n@fres@l@e:lta’rzupldsmtl\m@t lrnelmgalbaj}amgedm skibgt 2@ edepitetls A

g plating solutions, and Fi i S Iot of . Al
Blatemoh i R ot e S, B s SR S qg b roless

2R Rs A tRAB Rfolt8mA f@’r)’néo@fﬁ tlh%Sts-uﬂ':‘JaQ:fie A9 a metal
and 30 are SEM photomi crographs of Ag deposits. Fig.

¥l & simpdeaph sofl saggentdaeaction due to the relative

electrode potentials of the oxidizable metal of the surface
to be protected and of the depositing ions respectively.

The insulating layer and conducting layer of a PWB
substrate to which the invention is applied are as
described above. They may comprise the insulating layer and
conducting circuit pattern of any conventional PWB,
respectively. The pads and/or through-holes for plating are
those areas of the PWB for which solderability must be
maintained for attachment of components in the subsequent
soldering steps for component attachment.

A bright-etch step is optionally performed which
comprises contacting the pads and/or through-holes with a
bright-etch composition. Such compositions are already
known in the industry and they produce a bright smooth
cleaned surface on the conducting metal from which the pads
and/or through-holes are formed. In contrast, non-bright
etch compositions, such as those which are based on
persulphate provide microroughened, cleaned surfaces. The
use of the bright-etch step allows the formation of a
dense, nonporous metal coating, which is particularly

suitable for a subsequent soldering step.
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Fig. 32 is a graph of XPS data. Figs. 33 and 34 are

plots of contact resistance data. Fig. 35 presents
wQbwbozsss ogr aphs of Ag deposits. DETAI LED DESQRITUS10N/005702

OF PREFERRED EMBODI MENTS Th#& invention is directed to

a di splacenent nmetal plating process in which a

r el asuwiekplleeds igheckrtepogbiipve ibdsasmatral geseplaatled

with a relatively nore el ectropositive coating netal

AgyeOHRt 88F WPYhP8n PRGEE0 ST PERIRY Sc ORp§&Ft Pon Mixtures of

0628t hAKNG 0BT Q&d&B%eﬁpE%r%&gebnoeggbhhy%cn%kqb,a%qtric
other additives aS deScri bed herein so"as to forma
acadt i ppospbhoré cmace de berc hydposhiliowéd cmecald .. Thendrdfght -etch

the nore el ectropositive t.al _oxihdi.ze the substrat .
CROBEPL CAREC HERERRINY BTSCLRG BrodEestart FerS PPy Which
wellectendess poddess thecaduiseollhe ienabifngobpers ien bifight -

surface of .a nmetal by a sinple displacenent reaction
efG8 COMPRELLAPEE|-ve PAFEdCHoAE IYoPEREREFSdoPTiRRE -etch

c?ﬁ%@%%@qgﬁsgeﬁ§!oﬂg %ﬁ%c%%rE%CESEOOQ%,P@%E?%t%%eaﬁgtgﬁ

epositing ions respectively. The insulating |ayer
samd acendidic theg pedpeand/ ca PWBosgbshrdes rtomphiiskest kepper
i nventi on islﬁpglied are_as des;ribgd abaove. They nay
Ok ofpFPEEEhE L RYUPEEI nd “Fay &P RAG ' c BXGGCE R circuit
pRabkede /ehilpryreenvent @iadh BVBrabespeeti ¢eky. slb&s down
ads and/or through-holes for plating are those areas

t6e BREOPRBSAGH Ofth PEh hyBIr@erRLPEIFOY IfEst THE SraPRYarled
cégpgéﬁké%%”%%ﬁcﬂ;8%%@98%%”53b&@?%%€ %ﬁ%?%%ﬂi@hrface may be

ering steps conponent attachnmen
ubedghtinethle $tréghitsetsphi enapl,y cpatbotmed thhittle bright-etch
conpri,.ses _contact i t.he pads and/or through-holes .
CRITPR =4 CHPPGREY. SEcR Ve dMBGErtPon. SBICH o SipBePErofo 4B
tabhedayieknewr ishirttheicng@ustimé and bRew RLHUES e
bri ght” smoot h cl eaned surface on the conducting net al

teEppRTalER ﬁ@eepg@ge a bright surface to form on the

conducting material of the pads and/or through-holes.
Generally the temperature for contact with the bright-etch
composition will be ambient and the contact time will be
from 5 seconds to 10 minutes, preferably at least 30
seconds, or even at least 2 minutes, and prefefably for no
greater than 5 minutes. Generally after the etching step,
there will be a post-rinse step comprising rinsing with
deionized water and generally without drying, the bare
boards then proceed directly to the plating step.
Alternatively, an acid rinse step may be included, before
the aqueous rinse.

The plating process of the invention is an immersion
displacement process, in contrast to a true electroless
plating process. In immersion plating, also known as
displacement plating, a metal on a surface is displaced by
a metal ion in an immersion solution. The driving force is

a lower oxidation potential of the metal ion in the



and/ or through-holes are fornmed. In contrast,

non-bright etch conpositions, such as those which are
whamed22885 per sul phat e provi de nmicroroughened, PCEESIO5/005702

surfaces. The use of the bn#ght-etch step allows the

formati on of a dense, nonporous netal coating, which

siod utaom .c ulTay |iynnsxistiain g0 Medri ngy s Uulse dueas®et medaderdmghe

S .Suitabl.e bright-etch c ositions ar ,
Ftled VIt o s, THE TR A e 1% TGN Of
My imimengies fl dHIrR) i eRe i¢f vy dageswdper oxi de,

sul phuric acid, nitric ac%d, phosphoric acid or

hydr @& or cClci ds=The2 B3°ght- E4ch conposi ti ons

generally include at |east one conponent which wll

tend to nodify the dissolution of copper in brightetch

5 conpdeintsirsion Rdrtticyy aHergficafeerdidd dird gitoretedlectroless

onposi tions, .if e elects to .use one, where the
FHBCAT S 7T SO 0P HHE s "o R HoIES: Fequired.
PERITIEIS @5 SEARRET o i GORRENH rAlin@ie rdien Ak ERMIH
hydr ogen peroxi de/sul phuric acid with a stabilizer
Plis& ngl GWSPFoWiach & hde SovEsiet iion coVerpdh ogah the metal

ide. . T . a i t.i,.0 ' pr.ovides a
e les, T Sha SOURN LA USRI
10 beciagise- etheln stleped arttadt cwiviehrst led Ibifghthectstirface sites

onposi.ti on jray_he i omer si on, spray, or other
Ogog%tﬁ‘& Pé‘&ﬁr’ri%ﬁ’g,e ?’&r R Plsié‘itéﬁﬁ e landoatt ug ther

rlickabine SR eealce o dcerakides *@i%ip@%itsﬂérnf Y. In
formon the conducting material of the pads and/or

contaagh- hellestredsesaplpting tempatat-ged aflort iconteact
i r -et.ch osi_ti_on-w || be .anbi_ent .and
N %qg%%%agﬁ g?#@ %%IF%%g%fﬁng pégcgﬁ 5098915Q%n§u35§Fhe
15 spleftdoably at | east 30 seconds, or even at |east 2
m nut es, and preferably fqor no greater than 5 m nutes.

Gener'dl [} aPFEl SFRE e PLRITAGIs COPPOEREAONG IOf [s&ieg Present
iPQehthbRsenmskel GRURE ShNgnkl BSHFI WM L the metal are

oxidized by the metal plating ions in the solution, so that
a layer of plated metal deposits on the pads and/or
20 through-holes. The plating composition comprises metal
ions of a metal which is more electropositive than the
conducting material. In this embodiment of the invention,
the metal deposited is silver.
The plating composition of the invention comprises a
25 source of silver ions, a tarnish inhibitor, and a
deposition modulating agent. Additional optional
components include a grain refiner, a surfactant, and an
acid.
As sources of silver ions, any water soluble silver
30 salt may be used. Preferably silver nitrate is used. The
ions are in the plating composition at a concentration of

from about 0.01 to about 2 g/l1 (based on metal ions),
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dei oni zed water and generally w thout drying, the bare
boards then proceed directly to the plating step.

w@bdoenzmBs vel y, an acid rinse step may be i ncledBeds2005/005702

bef ore the aqueous rinse. The plating process of the
invention is an imersion displacenent process, in
peeferadlyt drand ribeuel eclir elesbopitalii.vg gprlqcesst Igreferably
i mrer si on platlng, al so knomn as displ acenment plating,

£5 offe ROV Oa 35 Gf 800Yts Odi8s@/aced by a netal ion in an

| MTeR$ie0R 3Pt gn fpr-gf% AV 't@&nl%‘hc §nhS A e la re
oxi dation potential of the netal ion in thesolution.

blem ziimislegiode spl @tsrpﬁiglatlﬂ@' lddy Laetyd! bemztime dapcflase in

R B S R I cecanny

ne-gréaled thewm 2t loarpics @t oiisatbindg itnhemhafcer e i or
fromelectroless plating_in that a further_ reduci n%1
begatl GXONGS PEGUIOPEd OB Yh SMPGtItINTEG o A SIRgPLen 2~

c!hrf@:fro%'e‘?f}gﬁ ) ARG it RAE NSrHeIPS 22268 H Q%kﬁ%ft%cz% are

is covered with the metal being deposited. In th
liegedd int U.$ sé’lafc Nom téi, B@Sbé@@use when pl at ed rret al

II f th f t d |
covea it LI PUIES Pt SLEl Sl o 0gale b

QKo ta'%%‘insdelﬂ@)%ltt ecary f%‘-"r%Wl%; alth 1eQR{r ast calRE! :ARES and
pl at i n% is auto-catal yti and continues as |ong as
W@l y @@p@éqamcutrys@na@@mcairﬁ%@t@mm itdeY Mav e

pquﬁaq:jé; e%e@o?ltd'a]qg/ c (%rg}c&il n%il%frr*ltnté% pr %ﬁ.ﬁfg sal

Iventi‘on dt ons on He surface o & netal ‘are
amild(élsze(étlhy)}dyﬁ.atl’aﬂ almipleat, |e|tg10|xq'rlsat|e|d thensolad,i @uatsonary

that .a |layer of plated net de osits t he %
SHRBPGLT Edigh- WOIEE Do JIRATTRY o rfisit SpFoxylated
FRRYSES MMh@hium salts, ethoxylated amides and amine
oxides. Examples of the primary, secondary and tertiary
amine-type corrosion inhibitors are ARMEEN.TM. to (.TM.
denotes trademark). Examples of the subsequent amine-type
corrosion inhibitors are respectively DUOMEENJ,
ARMACJ/DUOMAC, ARMIDJ, ETHOMEENJ, ETHODUONEENJ, ARQUADJ,
DUOQUADJ, ETHOQUADJ, ETHOMIDJ, AROMOXJ, all supplied by
Akzo Chemie.

(b) purines and substituted purines.

(c) N-acyl derivatives of sarcosine, such as the
SARKOSY range of products supplied by Ciba-Geigy.

(d) organic polycarboxylic acids such as Reocor 190
supplied by Ciba-Geigy.

(e) substituted imidazoline in which substituents are
for example hydroxyl C.sub.1l-4 alkyl amino or carbonyl-
containing groups. Examples include AMINE 0, produced by
Ciba-Geigy, especially in combination with a N-acyl

sarcosine of category (c).
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ions of a nmetal which is nore electropositive than the
conducting material . In this enbodi nent of the

WO powsneisehn, the nmetal deposited is silver. Thep@l/as2008005702
conposition of the inventiam conprises a source of
silver ions, a tarnish inhibitor, and a deposition
nmodul(@) i agkgdent. aAdgilt benal loptidaablesnpenegnt sindecyl

,includi a_%rakg efiner, a_surfactant, and an acid. As
imddpzes ot Ns iy & FBﬁs?iéﬁ} HAPEP gBFuHPetQiP@eFa§§PP

afBMsbephaedraBief ahabhkasihVehani that8rbenUaedmsTR®d in
ions are in the platlng ConpOS|t|On at a concentratl on

wbfi chr sireabdby 10001 bevzyBogtroRpg/ 2regbapsdooaliwt a

i.ons), pref.erably fromabout 0.1 to about 1.5 g/1, nost
SBE@%@F@BF?'fron1about 0.3 to about 0.8 g/1. The

curresh | yhpephateedstati-si shchnhsbEKQDS @5€413, supplied by
benzi m dazol es, especially al kylaryl benzim dazoles in
WanEFeh the al kyl group has up to 22 carbon atomns,

pref?h§bb¥tﬁgn%&g?t%ﬁb%%?@u%@dc%EQQQo@EoﬂéréQ%tﬁQes such

whi ch the a enzyl groups are optionally
asuBEOMEGt éd, Boppéiedpby ZippebhkedpyheRxpinples are benzo

benzi m dazole.. Qther  tarnish inhibitors are listed iin

BE8Hokay  ERAY Yot 3087836 () PV Ly SHEOH AR RS T 1aco1S

dpi-efarabky having at cheash 6GuaBeROBnatBssa1RPSt group of
preferably at |east 10 carbon atons and generally no

fgpmatetot RAn BYSéarBBAYafsRy, 1t keylRay be primary,
Secoﬂ@§r§ggg%&£hﬁéﬁ’téhéﬁgpﬁés,a§P8ﬁ_§§'ts, am des,

et hoxyl' a am nes, ethoxyl ated am nes, quaternary
sdaromidiueabtnet hglapeengiy ) dtanmeroldim, sakt 8lso a preferred
et hoxyl ated quaternary amoni um salts, ethoxyl ated
eﬁﬁ@&ié'and ami ne oxi des. Exanples of the prinmary,
secondary and tertiary am ne-type corrosion inhibitors

are ARVEEN. TM to (.TM
The tarnish inhibitor is preferably water soluble so

that the solution is an aqueous solution. However, water
immiscible tarnish inhibitors may be used although it may
be necessary to include a surfactant/cosolvent in the
solution.

This invention incorporates a deposition modulating
agent into the composition in order to regulate deposition
of the silver. It has been discovered that by regulating
the deposition in accordance with the invention, coatings
can be obtained which are on the order of greater than

)

about 80 atomic % Ag, even greater than about 90 atomic %
Ag, and even greater than about 95 atomic % Ag. This is in
comparison to previous coatings which were on the order of
70 at.% Ag and 30 at.% organic additives. Without being
bound to a particular theory, it is thought that the
coating is less porous and entrainment of organic compounds

from the bath into the coating is minimized because the

deposition process is less aggressive. The modulated



denotes trademark) . Exanples of the subsequent
am ne-type corrosion inhibitors are respectively
wOioaE3Is ARVAC J/ DUOVAC, ARM DJ, ETHOVEENJ, PCT/US2005/005702

ETH(DUO\EEN J , ARQUADJ, DWOQUADJ, ETHOQUADJ,
EQVI XJ, all sup Eliedb Akzo Cheme . (D)
B hes Cinal sy §PP{5&Fé8npé LAWS. 1fcFoNPEegred in a more

dedevayi meanet, saneasi ng, tﬁé&?y LBR §é§%<9§¥eda§9§ver atom
roducts supplied by G ba-Ge ?d
6V§/EarBBX9PP@r§én@I§Ysuoh ustﬁeocneaWﬁ sﬁmpal edsby

stituted, i mdazol n i N
o R L AR T A AR s AP
5 apkyhlanedothatCahbomyﬁﬁpﬁt@rnt@@p@ﬁ@ﬂﬁscyg¥§89h§? desorbs

ude roduced by Ci ba- Cei gy, especia
?ﬁﬂ?l oh Wtﬁyaw?@l’écﬁ’r%%? cO5PRAEC 0PT cudngBey ‘{Va;al s)

Tﬁié ﬁhkékf@feé'&YEhbéﬂéyA | BpBL0L£0n, ot e fiuat ing

i m dazol e in which the al
B ons, preferably no greater than 11 car bon atons and

Lﬂbi??ﬁgtéﬁgpﬁ orBERTT BY o P oot v e P H vl dneds amine
10 $£iﬂdét16uw©idﬁdh£§ N¥é§0d15&$@eﬁ@§'Qﬂafuﬂb§ygﬁté%u£ed

ol e derivatives such as REOVET 42, supplied
%‘gf%%‘?@ymli& FiCenerpetpns tancdzat ethft o¢1y¢ratlonal PH

I I | | vat |
S L e
pzszrarmteezesmytlﬁer omventoi &9, t(he PHi‘.IbBZtIdché&Chot function as

H or for%] as s (3 (tréébel uor.ongt hyt‘lloprt]est]lrll)f as an

a{{razo Lo P Dr T rF o xdnpi e ply as

15 acid to help keep Ag in solution. The invention involves
maintaining the immersion composition PH below about 3.
The initial pH is about 2, and it falls during coating to a
PH between 1 and 2, because as the HEDTA complexes a
quantity of the Cu ions entering the solution from the

20 substrate upon displacement by Ag, H ions are released. At
this pH, the HEDTA appears to cyclically desorb and absorb
on the Cu substrate by weak forces, which interferes with
the Ag deposition, thereby modulating it. The HEDTA is in
the plating composition at a concentration of from about 1

25 to about 35 g/l, preferably from about 5 to about 25 g/l,
most preferably from about 8 to about 15 g/l. Other
alkylene polyamine polyacetic acid compounds such as EDTA
and DTPA are expected to have a similar function at
different pHs, in that they do not function in their

30 traditional sense as a chelator for Ag, but function to
complex Cu and modulate Ag deposition. As a source of the
HEDTA or other modulating agent, it is preferred to employ,
for example, pure HEDTA, rather than a Na salt of HEDTA, or

an alkali earth metal salt of any of the modulating agents,
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The tarnish inhibitor is preferably water soluble so

that the solution is an aqueous sol uti on. However,
WoRM06/02188511 sci bl e tarnish inhibitors may be usedr/US2005/005702

al though it may be necessang to include a

surfactant/cosolvent in the solution. This invention

inneadear abeave idie fasithieen imedekatingg thgentonint @drtent of

&cegrrposi tign.in order to regul ate deposition of the

LR GOFPOFE QL -been di scovered that by regul ating the

depogint iaQR cirhaRGGRI $RRCR W L Lthe iimRmiion e‘?nt?ﬁtdy%g%s a
can _be obtained which are on the order of greater "t han
nebudetodargent %eAgaioyemigoeacadst Wi cibeoe $hown to act

atom c % Ag, and_even eater than t .95 atom.c %
o 3 el reRact AR SRrIRARE 8 MRS I BLOTHS Bhe

ew®oaimenthe theder agle Ompbun¥sAgededtdd &ronlta@icg@nichiiral
addi tives. Wthout being bound to a_particul ar theory,
ippmes sy REUGRE RECERe "aFarR§ P PSS ipSroudrgndpreferred

KA NTRNDIOG 1A, C WFQIIROYRIS kM@ Jeatlt d R

the coating is mnimzed because the deposition
deisocess suppiress iagg eess iindibilie ompddl &t ddigdtenr eHof befteveen

eposition allows_it to oceed.in a re. orderl
a??ﬁ’ e a\ﬂ%[ RPN tshegﬁ"?, : a a&‘éﬁlgsin}oggllﬁitle\?er hg &%
depis@ idh QRPE lsuipipné sls@r /MinhAbA tbedsSoIThifd RA d11ds an
deposition location of greatest equilibrium It is

igpaeiies epPowait M%éhnﬁdg‘lléﬁh@lr enpenEsitey clOn@aprpferred

r.hs r 0 s n
DR PR TR T Y P SR PREF s KBRS, Ehgtefo s

atnlde adloy tidgl/at,i Mg -iaflanine dampocemceHEDBA idN HeXween
i triacetjc .aci d)v

BT s cove AR Fo HuRdRof T4 02 HERE SEGH A e ueh as
5Ceneatatal 10t G idt ihhe eRekahniteRdli RHMftweke about 5
invention. It has been discovered that under the

and about 10 g/L as a chelator for Cu and for grain
refinement, and Pluronic P103 in a concentration between
about 0.1 and about 3 g/L as a surfactant and stabilizer.
In one preferred embodiment, Pluronic P103 is employed in a
concentration of 0.5 g/L.

In a preferred embodiment of the invention the plating
composition also comprises a grain refiner (or brightener).
Suitable examples of grain refiners include lower alcohols
such as those having from 1 to é carbon atoms, for example
isopropanol and polyethylene glycols, for example PEG 1450
(Carbowax from 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
will be at concentrations of from 0.05 to 100 g/l and most
preferably from 0.1 to 10 g/l. Any nonagueous solvent
should be present in amounts below 50% by weight of the

composition, preferably below 30% by weight or even below

10% or 5% by weight of the plating composition. One
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paranmeters of the invention, the HEDTA does not
function as a chelator for Ag ions, nor does it
wo pove2ses si nply as an acid to hel p keep Ag i NPCT/US2005/005702
solution. The invention inu®lves maintaining the
i mrer si on conposition pH bel ow about 3 . The initial
chidriestafoptreZ errad girva inaldeS itleii 1g GQat idig ittachy@idoxy
between 1 and 2 , because as the HEDTA %onplexes a |
beparict #Cdf tRe Sotingha e sPdiicng 1ChECdE) ut | IS Ghetie
re¥hshate %BQQhQ'%ﬂ%%'%%e%%mgﬁségdoﬁ l28N% fcentration of
I h t he HEDT

rel eased. At this pH, A appears to cyclically
atte derls tardoalys Gi0b ppm .t He Cmes pysfearedbymbeaiki rfemtces,t is
which _interferes w.th the depasi_tion, .there
pﬁﬁ&&?ﬁtﬁﬁgaiFpnfﬁ@tﬁﬁﬁfﬂniﬁgfwe% ea%ngi%g ¢ SRS SN 200
pdin.a qencert bakinoidiefcdeaiddakodt thtie aheun Ie=finbr
preferably fromabout 5 to about 25 g/1, nost
perdPargbley furshcabdiPog tegtabeRctisong,E @ Gummressor and
: I lLya : ticraci S e
EOERIERT BRRARD SRR e o ove s oty e et
walti cthi frher émtveplds oni wpehatt esheypdocaddty ftwrgtesponids to very
their traditiaqnal sense as a _chelator. _for Ag, but
TR P FE S (AT O TOMEe CA RIS, AD
v e3QUH6E WRld e aBERTA 1Ko el siReidyahign@e@eyity . | tTHis
preferred to enploy, for exanple, pure HEDIA, rather
Gimdit re NeTPAUNSoMAEDEAN 61 sERVEIRSs) iCoe SUPPTRESaI3 k] t
i?lfhi?)ﬁ. Q;fhitsh%e?%%lilt NS LIRS 51N Qro% reo{hso Y %rderly to
urther increasing the ionic content of the
yd@Tab s tindiforAn aald énrightv agpdepess taf  tHxaniplheentd -ard
enpl oys _.as a mdul ati ng agent_ cert ai m no acids .
BRFISCAOSE s IR 6 et & “Quppre ot il FHHiTh AT e T -
o AhEeResiitd R fileone eModh R, dRETR VBt a risk

conpounds sel ected from anong chiral isomers of and
thate ditc whldt Byres igfl talteniond. 1one peeicdriosd wikdhpl e i s
bl:e)lffzall.lmalr}lj ¥ eV\.'h i (‘At}xol th e%h UM 191@P %rr%ti% \getfq ner is
polyethyleneglycol.

The composition optionally includes a surfactant,
preferably a non-ionic surfactant, to reduce surface
tension. One currently preferred non-ionic is an ethylene
oxide/propylene oxide block co-polymer. One such compound
has about 30 PO units and about 40 EO units, such that the
unit ratio of PO:EO (polyoxypropylene to polyoxyethylene)
is about 3:4, +/-10%. The weight ratio of PO:EO is about
1:1. A source of this compound is BASF Corporation under
the trade designation Pluronic P65. Another such compound
has about 50 PO units and about 30 EO units, such that the
unit ratio of PO:EO is about 5:3, +/- 10%. The weight
ratio of PO:EO is about 7:3. A source of this compound is
BASF Corporation under the trade designation Pluronic P103.
The surfactant is in the plating composition at a

concentration of from about 0.1 to about 5 g/l, preferably
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desired suppression and inhibition at a higher pH,
bet ween about 4 and about 5 . The DL-al ani ne nodul at es

WO b@ehgesdeposi ti on as a suppressor/inhi bitor. BOT/ES2005/005702

yiel ds an inproved deposit 26 th a higher Ag content.

One preferred process enploys AGNO 3 in a

feonc aouat 002 et \wheutal2odt/ 1. moatd patedietrablg/ lErom about
DL-al anine in a concentration between about

20 d
OB AFOYL L 2 nt S G SWLAAFE S Fe RTEs 8¢ uded,

prefe ARy lihedant@l 1 Hth G ueRRC §HAHN i@RPUN an

5 and about 10 g/L as a chelator for Cu and for grain

amefuinte saicth, tied Rnutde elRI03da waghsotdent mitlilorbe present
et ween about_ Q.1 bout gl L. a _syrfagctant d

2%t Spiers e l]ar?qé’ﬁ‘e %E? SEn é)d%ezn‘ctn:gd o7 tp drshsrablys they

wigleme ayedrpdrateeneenty alondentfira.iong/dE flvdm@ 0.1 to 25
preferred enbodi nent of the invention the platin

I Inp Gt M5 LAl LEaimilivs 8¢ @ GRS ERTEn (or £rom 1 to 15
Pl I ERET o re FAMARD IR PLRITRIRS AfredRaKY 1 §fHdIRI1S

i ncl ude | ower al cohols such as those having from1l to
e hoanylert eat, omd cohorl  etdnrpiyd atssp eggapdlersadd ethoxylates

Lyeth | ycol s, f l.e, PEG 145
0 AR A o) 2 - GRATI o1 g o FE 1Y LS s

(tRGQAIPNded .in the conposition in anounts from 0. 02
to 200 g/l. More preferably, if a grain refiner is

i ncl heny opifionsd gempeREEtt o4t | coMEAsgrhiPros & @n
a9 g%&eﬁ%ﬁaﬁﬁélrﬂﬁﬁﬁﬁfﬁgky fE8MOndnte Re9ih-sARYice
e ent shoul

nondagueous sol Bé present I n anmounts bel ow
3@%ikni vieriyglatf afhet lenpamidsion.on, Ther efcecaliay el aw 30%

y wei ght or even bel ow 10% or 5% _hy wei of the
I SCTREEIEIeh 2 O AR HPs B ad i aipue 0-5 to
aRftnar 4/ ,3.fordieddnfaly dr axe beigeise F dHe3 dzid is to
dinitro salicylic acid) . This grain refiner is in the
igeattitn g siadontt & at & dmtdaitgeroofatt Heegagtocess,

a%%o Lﬂ:to %% SRP ilnn o1& i%rtqfo%r ro%d t%'go%‘}io%@s'. i tAd. S1ternative

embodiment employs a small gquantity (up to about 0.2 or 0.3
g/L) of copper nitrate Cu(NO;), -2.5H,0 to assist in
initiating the process. A further alternative employs a
mixture of nitric acid and copper nitrate. Once the
process begins, Cu ions which enter the system from the
substrate upon displacement by Ag are complexed with HEDTA.
The HEDTA releases H*, which causes further pH drop below 2
to between 2 and 1. For example, the pH drops to 1.1 at
2.47 g/l copper which is the capacity of 10 g/L HEDTA.
Although nitric acid is currently preferred, any compatible
acid may be included. A compatible acid is one with which
in the amounts required in the composition do not result in
the precipitation out of solution of the silver ions and/or
complexing agent. For example hydrogen chloride is

unsuitable for a silver plating composition as it forms an
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present in a concentration between about 100 and about
200 ppm It has been discovered that this grain

wo edosneas3per forns a further inportant functi onPEEUS2005/005702

suppressor and inhibitor fat Ag deposition. In
particular, the pH at which the invention operates
ihypil edlley sGQRkesSRANGTilde Yoy ibakiateAd stepedlld @kamples
Wwhi_ch, in sone circunstances, can yield an undesirably
ipcatkeard tagongyFing d@épadict actrl/s O RiCerd Cc&Fsund has
beenCﬁ%§§O%%E§ CEQV%?ka%gin R4 £leB rgg??dients gﬁg'ge

deposition so that it proceeds nore y to vyl

imeilfudiech smdhbrisg e fAgmeéemosisecheddyl dor8spray

herei nbel ow enpl oye out 15Q ppm ot this grain
PRNTRELoR, (eh gron FUPIARY MY, RE“eysfapacarte-
presenle daladleet At thle WorpdRHieaoRl Lat &a@kl .i Dedonized
reaction with benzi m dazole . Another suitable grain

waseImer iosheal perfliedeylafes whithe hesnpasi tingerfering
: [ I i ngl_u a.surfac " f L.y .a.nhon- -
P8 FBevba dn Do AR E i PRt B Wea in
ther perickeys spiodf ehred nvemt iloani ¢ i s an et hyl ene
oxi de/ pr.opyl ene oxide bl ock co-pol yner. e such
conp&end S&E@GFdSGnPé%ﬁnWp§ké9@y§5&m§3%§ EO &% 6
t34&h ihRah thilke WRint chals @ %fub%@ang@a(lﬂ%l g;%émequge Rntent
to polyoxyethylene) is about 3:4, +/-10% The weight
inatihe GepReitEO-i moagolhan B0 Atopuccd ofeviel gore than 90
ynd i ASE Cor por.ation . u .the trad
a%@%ﬁ%ﬁatﬁgﬁ V%Pbﬁ?%%Pé%énA%gt%gr%%ﬁcﬁ Eonpggﬁg'ﬁ§§
appad it tRQyuITiot $card alkeic3¢ B9 wahiisvesutly tdrdiort ket
unit ratio of PO :EO.is about 5:3, +/- 10% The meigpt
PFRCPESEE -POL SV CaBdte T o3 SR 4Pl O fhirdace and from
tﬁ%”EQUQ%,H%t%é%%cggrQ%%g%bﬂ@$ﬁﬂggbn%heAbr%@%tent is |

desi gnafi on Pluronic Pl . e surfactant is in the
pplederady lyoepedivaited &y XPS as a bulk average between the

surface and the beginning of the Cu-Ag interface. The
deposit of the invention is therefore much lower in organic
content. While in the past it has been thought that a
relatively higher organic content was required in order to
preserve solderability of the Ag deposit, it has now been
discovered that even with the high Ag content (greater than
90 atomic %; and greater than about 95 atomic %) and low
organic content of the deposit of the invention (less than
10 atomic%; and less than about 5 atomic%), solderability
is preserved. Accordingly, this invention positively makes
a deposit which is greater than 90 atomic% Ag, and even
greater than about 95 atomic% Ag.

In one aspect the high purity Ag deposit of the
invention is achieved by affirmatively maintaining a low
ionic content (as measured by conductivity) in the
deposition solution. The ionic content, determined as a

measurement of conductivity of the fresh composition at
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concentration of fromabout O .1 to about 5 g/1,
pref erabl yfrom about 0.2 to about 2 g/1, nost
woe@beemBi y from about 0.5 to about 1.5 g/1. VWeT/®52005/005702
surfactants are included, peeferably they are
i ntroduced into the conposition in an anmount such that
abbutheopmatienpebatinret hey wekl usedpreseidtatat sabstrates, in
concentration of from0.02 to 100 g£1. Prefergbly t hey

Ol FMBEILRAEHpdraPEd LT 2R 1Yo RE&RM FOPHT P fMSdiMD wheth

measdred, aFd rMeshapiel eLakhy s2kvsd 69Beerbhdklicenff rom
1to 15 g/1 . Oher preferred surfactants are al kyl
Ipsémomeathoryldate¥SIaBeshRoprebkosyitat @s cadd ploasglant of K

_eth | at es_such as nper.oni P9 ynper.oni ¢ JAl4,
“aRASEFRY | anmhere BESTE R e TPt ANsPRer Copt Siedow about 10
msgapQnenhotherhembodaasnti Gasi 8 abnddicdi viltef &edly about 5
nitric HNO3, to enhance the in-service flexibility of

UEHEMconPHSI £REROTTHE AChdeaPInehis ffe M &Vaig or at
0Sj; ti t : t I,QN r u S
T R e R SRk e TP e asra FE !
std tisnmpar soargksoff cabeutidi? iaest. he Anwithieat ifectofr tilse that the

rocess, and.to _assist in initiation of the pracess.
KAt RIS BRBGGITENE OGS by d STV EU B LR LoD
shgp&a@@bro. 4n®ind 319/ blurhceaprsr anidt takreiGh (NEBbdtor)
-2.5H20 to assist in initiating the process. A further
igl peinspivededtl gpsexafiextor dovf 1fVedisc acid and
coppeh, Mt @ PGS tt‘i%% @ﬁ%%%%?; g%ﬁ%)%%’it brl GR% WULCh
enter the systemfromthe substrate upon di splacenent
thy Agoaessesnplfexde wirklseHEDIAveTihe oHEDPAefelreddgs atHt,

s‘%@u%&g%ag‘%e ,frurt&t&er rpH dr aop l%el Q:WSZ to bc?:Lt ween waalr%%r
| e s e A :
c%%?@%&iwgi%@ehi taRe deanaeildt ¥pehelO agidl aHEDHAL FAltikeUakient ,
nitric acid’is currently preferred, any conpatible
optilenady yb&iithc lthge @tharc opparinbile ingrgdiensse wncha salt
OWhE%Q more electropositive metal is added as an aqueous
solution to the other components which have been formed
into a pre-mix. It has been found that this is the most
advantageous way to prepare the solution because trying to
dissolve the metal salt directly into the plating
composition is relatively time consuming and, where the
metal is silver, tends to be more vulnerable to photo-
reaction which results in precipitation of silver ions out
of solution, as a dark precipitate.

Contact of the metal surface with the plating solution
will generally be at temperatures of from 10 to 90 C,
preferably 15 to 75 C, more preferably 30 to 60 C. For
example, the temperature of contact with the plating
solution will be from 15 to 75 C, most usually from 40 to

60 C.



in the amounts required in the conposition do not
result in the precipitation out of solution of the

we2d0ee22880Nns and/ or conpl exi ng agent. For exanpdBUS2005/005702
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hydrogen chl oride is unsui tédble for a silver plating
conposition as it forns aninsoluble silver chloride
pr eciQuinitatior. cAu tablbsy exgnmplethidd)clusae 1divt rdigp acixd,
nitric acid, or acetic acid. Oher non-active, non-

B A g "EEHEh 1Aty e AR FERTEGHh My be part of

HSh AR 183A8L I RINA fudfu S RIGEE 13RP IpreRIdsNS (8red-contact
Al QO supplied by Dow), dyes, etc. The balance in the
tdoepedi thihen plabdancersolpdgiiom mdhwvdiher meitadt mayrface is

i.fi.ed ter: Whi ¢ as, had _i.nt erfer]j i.ons .remved
ﬁgﬁﬁgq*%%g%%ﬁﬁ%%%ﬂ%ﬁ%é%%%%i%%%é%ﬁ%%g'
@her3a liynenrd icoht A% denensiilat et ifrdnha oMEdddigis to 10
Exanpl es 12 and 16, this invention achi eves a

wiapdent Pal9dR G Eatemag i den 1At e SRGEKS has
JORIS NN BN %o YR iME dikar R0 RRIBLA At

even nore than 95 atom ¢ % - - than the approxirmately
sidvier Eoadtioy @rd Ag tachighy ediehyromtiagt dritmepmegeduesionger
ég%na id.interference f.raoam.the sur%g%g and .fraom

h
g8 M Ree, Tha et SRA AT GO ST ¢ ound £xom

Ag COift et s

DIl imaldfatiethdyr XPArmg oa nildec eaver age bet ween
the surface and the begi nning of the Cu-Ag interface.
The deposit of the invention is therefore nuch | ower

h 0&%@@q%‘&%@é?ﬁatﬂUE'd%%gl' %@%%Sﬁ!JiéHEhk%ﬁa'scope of
t hought that a relatively higher organic content was

theq uinvesh tiimror dédre tRWR rsegerbre tsolice mahidd thomfzarie 1Ay by
deposit, it has now been di scover.ed that eyen with the

Hlgie TRy “FoMERE ( S T ST TS0 A b S St e F G e dter
dAat iaoutls Hprahd erftd bitth |s0\Wedy GHNitheC GRiRrafe .

the deposit of the invention (less than 10 atom c%

Thetd ége EHAP Ahsues naksnitywshesssindahasiqntaet the

substrate after the spraying of the solution onto the
substrate. The brushes assist in achieving full wetting of
small features such as microvias and other electrical
interconnect recesses. Because full wetting is achieved by
the mechanical action of the brushés, surfactants can
optionally be eliminated or reduced, and the foaming issues
surfactants can present can be eliminated or reduced.
Alternative devices such as sponges or squeegees which
mechanically assist wetting may be used. Accordingly, this
embodiment involves sequentially applying a Ag plating
solution comprising a source of Ag ions, and mechanically
assisting the Ag plating composition into the electrical
interconnect recesses by, for example, contacting the
surface with a brush to brush the Ag plating into

electrical interconnect recesses.
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is preserved. Accordingly, this invention positively

makes a deposit which is greater than 90 at om c% Ag,
wanaceYmas gr eat er t han about 95 atom c% Ag. | NnPOD®S2005/005702

aspect the high purity Ag @éposit of the invention is

achieved by affirmatively maintaining a | ow ionic

cont aiftt efrasomtastr ed InheC tiadec biowirdy wiith the solution, the

deposi.tion solution. The ioni tent, determ ned a

B by

bR atgnd s SERE o Edh Ml ARy 268 EHa S es PIYIMS0 S

a2kl of, OBt QRPYeladza 190t Hely Usedt B! #R: example
substrates, in oné enbodifnment iS preferably bel ow
taieeted2 Bes/lc mavhde peasede dhriovghe radglyd nanioverna YSI

32 0Q, Conduct.i vity |l nstrunment, . 32 r obe

i th SRRt Pt e, B, Relodl o (el B psent
iewkediidentpricduce sbel ewrdzeu whi chiSiemcofizdideeably more
enbodi ment_ has a conductivity hel ow abo 5 nS/cm, On

t
uradegm amdaSHicdy ithgt het BEGI1RG6) dFofhg Qopxsntiona

HESR W2 QHRIS0Y iFg- tha 3l Nehea e s@lfeh tHBt@li nvent ion
salts as sources for additives. ot her factor is that

itsh @ emee eaiplensriggniandaddinplee chwne mse( ofmiphat iniekel/gold
nodul at or, suppressor/ inhibitor, surfactant, and
PEEAT®8n inhibitor) is naintained at noderate to | ow

| evelis thie el rftodbrpde cpitatbithe chemes istisee ,f @he
use in the processes of the present invention,

CORPRSEASISy 3% S SId3IT S £ glhley PRréssr 83 ComRd/athg
tgﬁjg%?ﬁ%%%&%%t O SR B 39E nltrlh%S wdehiined aBRVeaqd (s)

ering agent, optionally wth the other
agyolt/ican ah riowgihe dicg ietss , (geme ra 19yl tcoppetthe amglr g¢lating metal,

BSR4 Ry ST 25 RSS! WO ona
Rl Xith tihRs Rapdrieeitrd Hakalgdddl &l tii@asonductivity

advant ageous way to prepare the sol ution because
andy o9t bodids SEIre@Ie netal salt directly into the

plat%&%er component attachment, finished boards having
components attached over the plated layer of the present
invention, do not suffer joint reliability problems as do
those boards formed using a nickel/gold step. This
invention has been found to provide considerable advantages
in preventing tarnishing and conferring humidity resistance
on the bare boards produced so that additional protection
is provided between the bare board manufacture stage and
the component-attachment stage. Solderability is found to
be enhanced.

The invention is further illustrated by the following

examples:

EXAMPLE 1
Laminated Cu panels (3 cm x 5 cm) were prepared by
cleaning, etching, and pre-dip per manufacturers'

recommended procedures. Panels were plated in accordance
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conposition is relatively time consum ng and, where

the netal is silver, tends to be nore vulnerable to
wW@bwsoemaTt i on which results in precipitati on pET/E51008005702

ions out of solution, as a28ark precipitate. Contact

of the metal surface with the plating solution wll
wiehernablrpckesabft ehpetiavenes oaf, Empioid@ntoad9@lEting

preferably 15 ho £5 nore preferably 30 to 60 C.
CEBPOg sApFeWithet EngéFéPWFégoFOEBHP§B¥SWith t he

plathpgogolution will be fromylgetg/75 C, nost

usual 'y from40 to 60 C . Contact can be by any nethod,

usuaHEPTAi p, or horizontal im®r8¢én coating. Such

cont act _may -be rt of a substantially continuous

coat? 526F%98§§E%The cont act ?iﬁétof the plating

sol uBi,endwntik rbhgdreikgl surface is sufficient to form

pl at ednetial asdnf aces over the ggtal. Generally the

contact tinme will be from10 seconds to 10 m nutes. A

cont 8O -iPRd CoFUréSSteRAn 10 seconds has generally

beenERGBAd biloci ¢ -prdufeirci eAt I¢dverage with sil ver

coating and al though the contact tinme nay be | onger

t hanptQ yeithyflesegigcaddi t i onald béhefit has been found

froma contact tine of |onger than m nutes. In one

al t eFAZei ve coati ng net hod mﬁphgﬁ 9% scope of the

i nveRt ifonyatthe PWB substrate pbgiameed horizontally by

rollers or other transport nmechanism and the coating
Thel oregatiiads pHapedasnts BEOHtskdes of the substrate.

Ther r.e. § 4 S ich _C C ]£Q%
subs Falgla%%grggﬁgqug§§%n l%?E?hgwggl5€i% %h?b the not
ofulsier dheenthenbemphey iagsiascommeachiiadtiyngvililllable plating
mettin%,of S | features such as nicrgvias nd ot her

|
COMeesdar -i r OBRFEEL "Pe PEs $E93RALAGEE S TP et 't i ng
i s aghy @WedmP¥ss the various hydrodynamic conditions from

production lines, plating was conducted at three agitation
conditions: stagnant, mild agitation, and regular agitation
(estimated linear speeds of 0, 1.6, and 3.2 cm/s,
respectively) . Samples were plated for different lengths of
time to generate a wide range of silver thickness. Panels
of laminated copper (3 cm X 5 cm) were plated to determined
silver thickness, coating uniformity, and tarnish
resistance. The silver coating thickness was measured by
using a CMI 900 X-ray Fluorescence System from Oxford
Instruments, with the results presented in Fig. 1 (process
of the invention) and Fig. 2 (process hot of the
invention). Figures 1 and 2 show the Ag coating thickness
as a function of plating time and agitation conditions.
Under the plating conditions employed, the process not of
the invention (Fig. 2) is about 50% faster than the process
of the invention (Fig. 1). For both processes, the

thickness increases linearly with time under a given
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t he nechani cal action of the brushes, surfactants can
optionally be elimnated or reduced, and the foam ng
w0 see22838Ir f act ant s can present can be el i m naPemdus005/005702
reduced. Alternative devices such as sponges or
squeegees whi ch nmechanically assist wetting may be
agsedtideceoddiglipn whikchianbnei mamtousvelaeding duration.

equentially applying. a Ag plating soluytion co S|ng
Thess Beéaoﬁytﬂs ﬁgﬁy UhRd WbenghiY Fly agépgﬁ ng\?@hé £9
de@%'lﬁQoﬁoﬂ:ﬁ‘E%' §neRebEQ tAehehesthigal i nterconnect
recesses by, for exanple, contacting the surface with

a br Tbe egibegsbknt Hepagdghaei ng consisteotr wigh a

|nt nne Lecesses. Al ter cant e, bar ar .
nfﬁugﬁe S%%utl%% fRec Eégpdlsscgﬁkgegl%? %yDt%e t?F%Odlc

ragdtdbnede .Bryi rgdumy ibe BY agy igesns, but is

generally using warmair, for exanple treated netal

may be passed through a drying oven. The coating

obt ai ned using the nethod of the present invention

produces a surface which is considerably nore uniform

and even than that obtai rhMELE e conventional HASL

processes rthernore, .th rocess _of. this |nvent i_on

P aBE Baprei 08 BRATE RpelerRar alersh prder deafing
eNieekebhoalidrpceepss.(skm)t Badswhseguedlrographs were taken.
conponent attachnent stage, the conponents are

FéSPé‘@r éd éﬁtro3lBhe3€I aFE@v§adg §ﬁéFéP9§hP€Ggﬁfh6Ih§s of

t hrough-hol es (generall per and plating netal,
repuakskentsngvehe indlswh@grthmyetdaaatpountermﬁxFlﬁhel:

bond fornS Wit h th gﬁ gents has %pod e%gctrlcw
condtcBirv énﬂlﬁb d s Tt h S AR “conponent
att a@iﬁean .fiini shed thaakds 1h®vmgls<:0m@1%tt§oaﬂ t ached
over the plated |ayer of t he pr esent

Fig. 3C: 21 pin thick; 2 mins.; agitation

Figure 4 (4A, 4B, 4C) shows Ag coatings of the
invention taken at 2000 X magnification of panels
representing the following three data points of Fig. 2:

Fig. 4A: 4 pin thick; 6 mins.; stagnant

Fig. 4B: 6 uin thick; 2 mins.; mild agitation

Fig. 4C: 8 uin thick; 2 mins.; agitation
These figures show that the coating morphology remains
unchanged as the thickness increases and conditions
otherwise change for both processes. The Ag from the
process of the invention (Fig. 4) appears to have a finer

grain structure, which was confirmed by X-ray diffraction.

EXAMPLE 3
Tarnish resistance was evaluated by visual inspection
after exposure to conditions of 85 C and 85% RH (relative

humidity) for 24 hours. Figure 5 shows Ag coatings of the
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invention, do not suffer joint reliability problens as
do those boards forned using a nickel/gold step. This
WO pooenrisen has been found to provide consi der abdBUS2005/005702
advant ages in preventing tarni shing and conferring
hum dity resistance on the bare boards produced so
ihkrahtaddi bnonaktppahetii eapiresphoindedhkeetfwddowting process
bare board nmanufacture stage and t he conponent
copfit 5eRRERt stage. Sol derability is found to be

enhapggd. SXhE4I@H%pE%g%H ssf%ﬁhger igtlaysizat ed by the
foll owng exanples : EXAMPLE 1 Lani nated Cu panels (3
cm x F8gcenpBuebe Vgme rdriedk ; by? gliggningilet @dif@t iprd
pre- p ufact rers 1.r mren r.acedures.
Pane?.%8 ?g gﬁgt hﬁc%ﬁr&aﬁ@%ﬁnthqgﬁﬁgggéss of the

I nveptgofke em@h@yﬁsng.ga cphatingg aerpesi then iwviehttile
foll ow ng conponents: AgNO3 0.79 g/L HEDTA 10 g/L
rgoxesRGarE Ehe §P@18°W1519dlcﬁint5ﬂ6|%§°8lsoxy benzoic acid 0

O/ L BoR- ANl & pHif achianl; BOnRQock seprpal yrer 1 g/l
pol yet Ryl eneglycol g/L'HNO 3 0.98 g/C D.1. water

bal afdg . TI6® : o;ﬁenJam rtgum}t bé%gamr@t ,ahrr;did 2491 taddiarn onal
DA AR Db S, Y B SRR L
Con”p%lebboﬁ-ho'{f% epeRathag pHebagakoat iness st maavh 1y
tarnished at thicknesses of 3 and 6 luin applied by the
comparative process, while the Ag coating is only slightly
tarnished for all thicknesses 4, 5, and 12 uin applied by

the process of the invention.

EXAMPLE 4

Tarnish resistance was evaluated by a hydrogen sulfide
test specially designed to reveal porosity by modifying the
Western Electric corrosion test (Manufacturing Standard
17000, Section 1310, Issue 1, June 1982). In this work, 1
ml of ammonium sulfide (reagent grade 20 wt% ammonium
sulfide) was added to 100 ml deionized water in a 2-liter
clean desiccator and the solution was gently agitated to
have a uniform mixture. The samples were placed on a
holder, and then put on a clean and dry porcelain supporter
in a desiccator above the ammonium sulfide solution at 24 C
(+/- 4 C). The desiccator was capped for 2 minutes. After
the test, the samples were removed from the desiccator for
visual and microscopical examination.

Figure 7 shows the test panels after the hydrogen
sulfide test representing Ag coatings of the invention
deposited under the following process conditions:

Fig. 7A: 4 uin thick; 6 mins.; stagnant



To enconpass the various hydrodynam c conditions from

production lines, plating was conducted at three
w@gitbabiseh conditions: stagnant, mld agitati oPCT/ARINNS/005702

regul ar agitation (estimated |inear speeds of 0, 1.6,

and 3.2 cnis, respectively) . Sanples were plated for

di f f exignt 7Bengt i roft Hildke t30 ngenzer;atd lal wigde atanrge of

silver thickness. Panels of |aninated copper (3 cmx 5

cnm) wele gfatéd +HdU&ESH ined WNSrer 3RS,

FGeRENG WhhAr FolipardRd Vied il $Rat8%ig8! #b¢e ofTh@Siii@ntion
coating thickness was neasured by using a CM 900
rgprapeftioge sbendeolSpstiam foomaioiomsd | nstrunent s,

wth_the results .presented jn.Fig.. ss of the
> invegtlﬁdn)Biana %il(:}]—l e%u(cg(r’oge&mnsgt' ésft%e%ﬁ:nventi on) .
Fi gurasy .1 sand 62 1showHilek ;AQ .@oadiing ;t hicdkeasismas a
function of plating tinme and agitation conditions.
Undef iBhe 8f1:afilndt o ridiiGkons® ShiiSoyeIUHE 1R ocess not
of the invention (Fig. 2 ) is about 50% faster than
the process of the invention (Fig. 1) . For both
pr ocbese, shiww thiack tées degeoeeasds thirméshliygnidels neiages as
nder i venagi t.ation condi_ti.on.within the vari
Bt PR e LD rrege hut £71 S5 CS RS PRYE e 01
10 inkiegkness catgeifo rdepOSskl Fromitte ROMPATRE iWet brocess of
agitation. The agitation dependence_is consistent with
cRTpgFSPIS SRICKAESEhe ME&CAITERS ¥1EHnECERLERSEy atlfe mOTE

oYL (620 EhIRg Gl nokeditaRaal Ag ons. EXAMPLE
e panels o anple 1 were exam ned under scanni ng
el ectron m croscope (SEM and phot om crographs were

taken, Figure 3 (3A, 3B, ggz §ﬂg Ag coatings not of
the invention taken at 2 Zﬁi fication of panels
repr 22N kg alcle ol y@wisNg Aulifese edalcd Rl e sRfr et sl were
15 carried out with a Physical Electronics Model 600 Scanning
Auger Microprobe, which was equipped with a LaBé filament
and a single pass cylinder mirror analyzer (CMA). The beam
energy used was 3 KeV and the beam size was about ~5 um at
the largest objective aperture used in the experiments. The
20 sampling depth was about 40A for a metallic substrate at an
electron energy of 400 eV. The system was also equipped
with a differentially pumped ion gun for the sample
cleaning and depth profile analysis. The sputtering rate

was about 5.4 nm/min, calibrated by using a S$iO, film on Si.
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Fig. 3AA 3 min thick; 3 mns .; stagnant Fig. 3B: 13
min thick; 1.5 mns.; agitation Fig. 3C. 21 min

wo booek22825s mins. ; agitation Figure 4 (4A, 4B, 48)T/SRDMS005702
Ag coatings of the inventian taken at 2000 X
magni ficati on of panels representing the follow ng
thregidata poishbsisothkl gugdr: eftegtrédA: sdrifbice bhiadksi® for
m ns. ;. stagnhant ,Fi%. 4B: 6 min thigk; 2 mns.; mld

thgi PALVER Prgositedgby ithet RPARaTrathvEs ProggiStat i de upper

plBese of Lauees sghew that Hiulg 34@3t kBgtManRhekogy rerRiARS
unchanged as the thickness increases and conditions

depherifiesle tohdnge Mfior. bdite mevresk @3 otThe Agkaromfiter the

pLocess of .the ipvention (Fig..4 pears.to hav

R ERTG A 38 (U1 e, Antendhaled i T by By By
cdisklkr a¢hieoRurEXANPLE Zol@iRidsvitesicst ancendasu and a very
eval uated by visual inspection after exposure to

sgeRdi FrONStoPighac afidamss RO EReME HHE RUFISEH CPPHFor

219U & ELGURE 45Shp LRI S HRABIQUENdQRE . o
pon test panels rep}%se\r%“ﬁ% the foll ow ng pro\(;c‘e?l};s "
thendiutrifecs,: thege B&e 4boutn 6Bhiaclkomi€® & Gs1,. 34%t &gnamd 2-
Fig. 5B, .5 min _thick; 2 mns.;, mld.agitation Fig.
Bchors e PR S3 WORELS B4 £t POR Bl §0EE 5 s ot
CA@[p‘éQaTebdi@s% Ret cefotbe thR¥estipAcéepresenprogiléealso shows
follow ng conditions: Fig. 6A: 3 min thick; 3 mns.;
istggnadd trisgoneBetweem Gy eRdcRI -3 Rergusenfd the low
U301 Q0 B0 8Gn 2k Ml WirGe i34M8S cu 8¢ Lahlig
s%%ese 6hg,t 65 suownt %z]f\it ttﬁl% Eg ff:f(ll(ilgtli r?goi sc’u W Y
theavighy taenibsiiéd oft Achigrleiess ebutf v3 aamthet gnaiim boundaries
¥
gﬁgagre%h%ypkggs in the Ag. When a PWB is exposed to an
atmosphere that is corrosive to both Cu substrate and Ag
deposit, the atmosphere penetrates through the defects,
such as pores and grain boundaries in the Ag coating, and
attacks the Cu underneath. Thus, the tarnishing resistance
depends not only on the thickness of Ag but also on the

porosity and structure of the Ag deposit.

EXAMPLE 6

Solderability was evaluated by a wetting balance test.
Coupons plated with Ag as in Example 1 were environmentally
aged at 85 C/ 85%RH for 24 hours before the wetting balance
test. Some coupons were treated with up to five reflow
cycles prior to the test. The reflow was conducted in air
by using a BTU TRS combination IR/forced convection reflow
oven with a Pb-free temperature profile, i.e., Ty = 262 C.
The wetting balance test was conducted per IPC/EIA J-STD-
003A section 4.3.1 [Joint Industry Standard: Solderability
Tests for Printed Boards, IPC/EIA J-STD-003A, February
2003] by using a Robotic Process Systems Automated Wetting
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conparative process, while the Ag coating is only

slightly tarnished for all thicknesses 4 , 5, and 12
wonéena/oapps i ed by the process of the invention. PEXANMIE005702

4 Tarnish resistance was ewal uated by a hydrogen

sul fide test specially designed to reveal porosity by
BENdnty Mgstee WishesnsEleeclr i(aleohvisbasetgst . 2% solid,

( Manuf act rlng St andard 17000, Se tion 1310, Issue 1
nPGfic €RF8 2 LU Anh S8 PRor(e 3 8 S AAmoni um sul fi de

(fea@ﬁ%tr%%QQQSZQfW%ét%HE%nb%ﬁb%%%ft@%ksw%% %QQ%dAbO
100 M deionized water in"a 2-liter clean desiccator
cand inge debgsitednasn g@nptrylaaget aftlééll thehaveeationf dmmthe
1. X The sanpl es | ac and then
tgﬁ? gﬁgg CPEAT gﬁdgdry ﬁo}ge?a% §%§?Qé§ifrom varicus
@e&a&aa@oto@@weoﬂ@e a&mnmumriulefdj de Tabliel an ghe?24eCults

(+- 4 . The deS|ccator was capped for 2 n1nutes
1Nlctléll‘iet I’:rélet BSCATERETEARGI 6§ 1Er &Or EfFPedUPHER e (T o) s

nq,%%'t%gt %rfc%r atl syR s%%%n@sc FRRFOR G %?fa@e%%t-ﬂ Q)
Figure™7 shows the test panels after the hydrogen
"w@ttn@g ﬁ@&ber@mrésgﬁtBﬁgoﬁ@scd&pmnggaat oife tiemrent(Foh,

pas| ited under the foll ow rgcess go di tiqns: Fi
FROSTHR MELE B S8 nd Pl ¢ aB it ELTS V8. 243PF, Ehe
miakdi edam %e@tﬁ&g foﬂ*c'ed aa f.at) on Fig. 7C. 12 min
thick; 3 mins.; agitation Flgure 8 shows conparative
Ag coati ngs not of the invention representing the
follow ng conditions: Fig. 8A° 3 min thick; 3 mns.;
stagnant Fig. 8B:. 6 min thick; 1.5 mns.; agitation
Fig. 8C 21 min thick; 3 mns.; agitation These show
that the degree of tarnishing decreases as the Ag
t hi ckness increases, and the Ag coatings of the



i nvention outperformthose fromthe conparative
process of conparabl e thickness. The areas with
W@ e00aheises are nore prone to tarnishing for bopd/US2005/005702

processes. EXAMPLE 5 For sutface anal ysis, Auger

el ectron neasurenents were carried out with a Physi cal

El ectroni cs Model 600 Scanni ng Auger M croprobe, which
was equi pped with a LaB6 filanent and a single pass
Cylinder mrror analyzer (CMA) . The beam energy used

\Zﬂas 3 KeV and the beam size was about -5 mm at the

Bar gest @bj dcti Ve &perfturle ukedli n it hel experijnents.
£he sanplli nd deptd|waqd about 4€ fqr @ neetall|i ©
substfat ¢ axt| ap[ elecprlony r}? g% [of® J4op| ey| THe Bystem
fas allso|equi pppd™ Wi tH a differentilally plinpddon gun
tor the danydle Flegnin Jrof Inlan,l\/cis_
The sput;teri ng rate¢ wgs ni nj n, [calli briat ed
By usingla Ji @2 f5 1 n~dn shpvg |t g Alger

@l ect ob|surif ack aﬁys' I lvpreglepgsi_tied by
©he corrﬁar atli ve pr%cess | plot i$ tgkenj after
bhe hum grtyrtept—ama s o 1TieTAg dcpriucd to 3.4 m
ion. <The decdnd bl of id taken|affer |t he tdsisfand is
& he Ag dgpé% t84 B B R Iﬁfb@ng s&4, 2 he

Surfage ils doveled|whhg ,N9p +|afd Cu q verly
gmakl |angpunty of § Agy Fijgurge 1P shows thu Aluqer dept h
Sr ot [e df the B.4Imiln sanple dftdr the humidi tly
stg. |On |t suf f@agem [t hef & firg |abquis B3nat orfi @ Po Cu,
B49@0|, and 2 o| 3%4 Ad.| Ehe g el ali ve a@rou@ sQdf “tu and

%hsuggest t Hat™ fopper |exi gt fs CPu2d on surf’éce.
i ] di flf 1 hail
e%prof iH-e—jats] i n{m —udi-on M_V1‘.A.efé-n—q.1 and
K. SBecayse [of fhejl ow sof ubflitly df Cu |m Ad, the
@f‘fg)‘uu@r of @PJI% uglfi kel ¥y h%cu.ﬁ].w e Bl R |ofs Ag
@r abng, o ut’ via| the grjaion| beundar igs -apoder otlhe; por es
[a¥g ghe Ad. enla PVWBIlis kexppsed td an
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85 C/85% RH,

Table 1.

Platin
g
24 hrs
85/85
24 hrs
85/85
+
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at nosphere that is corrosive to both Cu substrate and

Ag deposit, the atnosphere penetrates through the
waoledosorm3s such as pores and grai n boundari es i PCT/8200§005702

coating, and attacks the Cd2underneath. Thus, the

tarni shing resi stance depends not only on the

thickress 8kifg bvhdaksenen tihesporgsisky RANE oSt RUCHE s,

of the Ag deposit. EXAMPLE 6 Sol derability was ,

adtahndace§0BY 1adRet reAgridessceft £5€. thdgkorsspraceplating
L3R Ag_as | I o N\i,l50 g t

e P R S e o Pe Ao vt oG Al Snca L Lent

sbégkerabiie tgoupors ,Way e<t 1 es¢eondy tdndpFi o faoce udefrirow The

cycl es i,or to the test. Th fl d d,i
Pl BeEFE0diRy 4 nTITROVEIDARIEPEROPRET Gfcaie Chickness

afeNyeet baRthiell ewnaven oMst BvarPRhef FadgeemRealddr.e wetting
profile, i.e., Tpeak = 262 C . The wetting bal ance
ocesr swasstondagaecdsger (MPCG B9 A JosSTHhigesA geatipas, but

4.3.1 int. Ln t t andar.d; _Sol iJity Tests
tfalqusPrafbrg??lgd%Bgaggé%fjaéP(%f% %%Jlgg‘leg C%%%z?lgjﬁe’br uary
2003Irnky "BIi"ngeauRakotine TRbdeeds sByst et tAatfarat €d ve

Wetti ngBal ance Tester with SLS 65 C | cohol based,
refigys gr@a,tmﬁ&.t@pesef)ceﬂtuiogn&nén ﬁ&fﬂ%@@%@ PLeq dey, one

nlgﬁtée%QE%Srggpﬂ%Eth@gtg%ﬁ%%get%%sb§ﬁ%E RitPRrAGamples
coatings depoSited in accordance with the invention in
sthé 1t kieoknessatangeodf spl@erebi2igym iTa prbducEhefebhect of

vari,ous eratin ndi tiaons _ar rized _in_Tabl
m.ﬁ‘ﬁ’f? Feg & eien%leggé’ “ tﬁg Spar: ngs %l#lsr ot r]‘Zst ﬁr?e%tx gﬁgjelﬁgﬁed
ibueManey’ 10T @h geneitElng akotte atumbe® $ECaREI dfwsom
start of test" (F 21 "wetting force at five seconds
incaResesnt Tof Sradually Epcreages| anth WBetVagtingcEorces

r agx) Nt f e { tdd E
(5] B P LKLY 2ol ORISR derab 1 ey

ebdlidniced byt $heosaRpdess 1B 2s8mpings 3céndii dvgediridcses
AR el p St a0 Lol ied by L) Yo s PO
85 C/85% RH for 24 hours,
EXAMPLE 7

Surface insulation resistance (SIR) and
electromigration tests were conducted on coupons plated
with Ag in accordance with the invention as in Example 1
using an IPC-25-B comb pattern (0.0125-inch space). To
accentuate the possibility of electromigration of a thick
Ag finish, three thicknesses of 6, 12, and 20 uin (as
measured on the large land area of the comb) were tested.
Twelve measurements (four on each of the three combs) were
taken for each material tested. The coupons were exposed
to 85 C/85% RH without bias for 96 hours for the SIR test.
At the end of the SIR test, a 10-volt bias was applied for
500 hours for the electromigration test. The resistance

was measured under a 100-volt bias.
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pl ating conditions, remain tarnish- free and

waoleovonsissat e excel |l ent solderability, i.e., TOPI/1S2005/005702
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second, and F2 > 200 nlN nm33The solderability is
relatively independent of the thickness and the

pl at imgusendiol IsdRwO\8le g WiGkeH YIRS Mldirice
occurs instantaneously (T O = 0 ) for thinner
ipsatliatgen wes isdleescabmas redl sdEerd dohaur skmosure to

oaf i The, "5X: results i.qn_Table.l.s th af ter
8% l—?é 8%86 Ho'w t%‘ > é:attr}?‘teent%i—fre&c,sé‘pt\’ 0|rt %&#é{ nrsé%’\rgp Sea(;q ‘at'éd and 20
ie) anrgsgEdutttheM iddineitilAr agilsddme idarreighd @hes of 4
sanples still denonstrate good solderability, TO < 1

*TRE ek Pett X ot OnuPhMS| d4PBO £PBESY of LBHCPRBARAL ©f the Ag

PN EHRISQANS oy QSRR d tHa@UE the W3 Q606 al Ti%e
the nunber of reflows I ncreases, TO gradually
riesorléas edoand higlte tivet tdosg ingsceg @R cRrdafcand ifaxthe

-3|i9£}| decr ease. e gﬂpd sol derability exhibited by
HE AT 8S S 2% md 3-8 in Ag indicates

pr es efiVgirieon 0fshealsdenrbiddx-whawkie raplloew tdH cknesses.
EXAMPLE 7 Surface insulation resistance (SIR) and
edlesEMOBHIF AN 1essitss ansice addsdu S0 hav e sapardire to 85

| at : ) : p . :
O, U By 0 R 2% ot ot e (0" QLAE P reh o
theacé)reeT dgactemiungss etshe spedoiulti 110t Yodins (1010 ohms) ,

RAHaTeSae GP% VPLERS QRSB Y (RS RSSIIPERT R e

teatgad andwar aa ofiduie aenb) neeesibesied ofTwel ve
measurenents (four on each of the three conbs) were

elgiesr omdgre&dPIEoST WA Stkegt) ey aSTHOUESU PR we@ination of
BT, SaCA o a0 B8 s o
bi as was applied for
EXAMPLE 8

A variety of substrates with various configuration Cu
pads and vias (< 4 mils (0.1 mm)) were plated by the silver
immersion process of the invention involving agitation, and
immersion for three minutes in a plating bath of the same
composition as in Example 1, with the addition of 150 ppm
3,5 dinitrohydroxy benzoic acid.

Photomicrographs (Figs. 15-23) illustrate uniform Ag

coverage of the pads and vias.
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resi stance was neasured under a 100 -volt bias. Figure

wda 200sl0z2835 t he box-whi sker plots of surface i nsSeCBUSNS/005702

10

15

20

25

30

resi stance neasured after 96-hour exposure to

85_C/ 85%H. For the three silver thicknesses (6, 12

and 20 mn) tested, the igpgiwpciiad resistance is in

the range of 4 x 109 to 2 x 1010 ohns (4-20 Gohns) ,

i nde Rl 1fte WAS hicdiindes Pan@ seksdmebiha liggce test.

Ctggug)hn%f ?t Q%e@amt%#g-rh(ef?e n{i%itn%h%@qwaQQB tEg(eample 1

ngs I n accor e wth the 1 nvention are
widih cdle yworipeasnit ieingurfe Ekangliens weeeb @nvilicshem gz 1dtys aged

f ctrani tion resistance after 500 -hour
B s SR OB AR o PE R 1S Micke T el ance
teRH St aRER RAPHRI waltd e dafticrle WvAG i RipC kRe 588 re¥1ow
about 10 Gohns (1010 ohns) , greater than the val ues

aredssr SF i ttee thegitimsitng dhe refilest vas seewwdted in air
Fi . . ' f .el e ' ti :

K5 8, BT 1R, SERER o R IR A0 (Biinion xeflow
csfeowwviitin i b -¥4efe]l 4-mpbAR t ulCprofEXAVPLHE 8 ,ATygLiety62 C.

f substrat %s w th various conf idgl[lérati on Cupoa/ds and
Reade(FE DR 3061 BRA5) Wash € PCEF by Sthe F&G/RRy - STD-
QOBTEE SRR 2 QC&SS quqtﬂ?ﬁ I TR QN Slt!&\‘@a\ﬁdﬁ.g Solderability
agitation, and imersion for thrée mnutes in a
Teisas d@rbatinged Reoagsite daIESA iTon$ T8s 003 AEx Aigplralary,

i he additio f..150 Sdinitro r .
Wiy’ s macHatatoctanes s M Rt ea wetting
Ballawgier dteastgni f(GWR-AQ 00QV eriage Sofs telte padd canbl based,

vi as. EXAMPLE 9 Sol d%r ahility was eval uat eg by _a
Agso(lj_i}er (T = 232

Ant’t 199 1l BRcELEESY . TSotpaing prdted SiittRY AFAk
%,Cra%' W8S h ASAN (AR -2ud Wosh d8eTMasit iy ef) |

anpl e 8 were environnental |y aged

The effect of multiple Pb-free reflow thermal

excursions on SnPb solder is exemplified in Figure 24. The
effect of multiple Pb-free reflow thermal excursions on SAC
solder is exemplified in Figure 25. Solderability is
excellent in both solders, with instantaneous wetting and
high wetting force. The silver is resistant to
conditioning and shows little change in solderability. The
good solderability exhibited by the samples indicates

preservation of solderability.

EXAMPLE 10
To determine the stability of the compositions of the
invention, two baths were prepared in 100 ml volumetric
flasks. One with no added Cu (i.e., virgin), and a second
with 0.75 g/L added Cu (i.e., simulation aged). The baths
were heated at 50 C for 7 days (142 hrs). The Ag content
was measured by ICP (inductively coupled plasma)

spectrometry. The photographs in Fig. 26 (left photograph
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at 85 C/ 85%H for 24 hours before the wetting bal ance
test . Sone coupons were treated with up to six ref

wo oweoysBes prior to the test . The refl ow wasPCT/US2005/005702
conducted in air by using &BTU TRS conbi nati on
IFVforced convection reflow oven with a Pb-free

tu ok C e t
LR VESoREOEH Beqhepr, - TEBLcy BRAnSage e kAt cos

psecbdonenealltp&obathsndamanyeStahdb&d, Ssluheab|WBByno

Tests.for .Printed Boar P | A J- S D- February .
DDBO AP b e g e CRORRRE L OB 0cAEE &JsERNRORAESRA: BACES in
rY¢tt bngiBalaneatdeshat €K¥BaAZ00Bhtwhthr8&8i68dCstable in

(al cohol based, 2.2%solid, no-clean)_ flux and SnPb
bpEBYBAFhSel HEh( Fo=1988 ef) Ag.a8VRE|l Fhgs 7sAey period. The

AESP? Fggébgﬁé sald E§oﬁTtﬁegg?o§é)remIQﬁ %EBS@E QE an

ree re IOM/therna excursi ons on
opekdEnngstem@&mbthredofnSElgure 24 . The effect of
multiple Pb-free reflow thermal excursions on SAC
solder is exenplified in Figure 25. Solderability is
excell ent in both sol der gxambtih hmstantaneous wetting
and high wetting force. The silver is resistant to
condiTe6/i Wgrangoshvrserdi tol detRapgae fheorgeigbirricey of

€.,Q0 l.derabi l.i.t ed b
tﬁg A% ?gg%%rgse?vgklo%ngégggkge?gb¥F&B§?ﬁﬁgﬂke%E 10 To
ddeteﬂmmaelbheu@babdkytbaﬁﬁnghePwewpoapbnsnplatedhwith the

i nventi qQn, at hs d 0
COPGRSERPE Pabe. JONERRLER NBLEIquaPCHe ?eg at 160 C for 2

h%h&%'n)mh@nﬁh%t%%%Q$Q Wit 36, 7589%%0@@deﬁaguthbr% was no
si mul ati on aged) he baths were heated at 50 C for 7

chhayge( 142 appsprantie ofg tbenP¥ht afgermsisucay Bpkecp

(i nductively coupl ed plasm) spectronetry. The

phot ographs in Fig. 26 (left photograph- virgin; right
phot ograph - aged) takeneEdAMELEt he heati ng

The compositions were analyzed to determine bath
efficacy over 18 metal turn overs, i.e., after
replenishment of a 0.5 g/L Ag content of the bath 18
times. PWB coupons were plated continually through 18 metal
turn overs (9 g/L), the deposits were examined by SEM
(scanning electron microscopy) and XPS (X-ray photoelectron
spectroscopy), and porosity was evaluated by H,S analysis.
The SEM photomicrographs of Fig. 29 (29A, 29B, 29C) show
that over continual replenishment, the Ag deposit appears
to become coarser, but remains of high integrity. The
optical photomicrographs of Fig. 30 (30A, 30B, 30C) show
that over continual replenishment, there is no significant
increase in porosity upon H,S testing. XPS analysis
revealed that after 0.6 MTO, the coating was 93.6 at% Ag,
3.2 at% C, and 3.2 at% 0. After 18 MTO, the coating was
91.8 at% Ag, 2.3 at% C, and 5.9 at% O. The bath is thereby

demonstrated to be capable of processing 28.7 m’ PWB per
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peri od reveal the baths remained stable, as there was

no precipitation or separation. The Ag conposition
W@b@b®21885 Fi g. 27 illustrate that the Ag cont ertT/US2005/005702

remai ned stable in both baBhs, with no | oss of Ag,

over the 7-day period. The Ag baths of the invention

1&9@&9f9E90r§”ﬁh6r%haQ etﬁ&cﬁﬂegeerag%n@ut%Egﬁ&éb%r%fthe
E 11 Tesfs were conducted to deterii ne

PWBe ﬁG§I§Paﬁ§§Umptﬂhe Ad§ depdsig Qﬂttﬁé Bavattioon (gdthough

tarnl hnent._an oloratio 0 hng. PV\B

Bpoﬁg p é édgﬁg?h%P ecggnﬁgsggig %nQ%é i'nvention
mere oven- baked at 160 C for 2 hours. The photograph
in Fig. 28 shows that there was no change in

appear ance of the PWB af EERMPHE 4Py bake. EXAMPLE 12
The §°¥Q9Sbhb96§l@%&%oﬂngkgé@goggog§tQk@%nfwggtQmployed to

ef fi cacy over n overs . e
deepkmmnshnamboofC@n©eﬁtghn Ag depbentedf inheckatridahge with

ons_we at ed contlnuall th ou
ther 3TVEREAoD, dhe CRBLGFLFON Fe2dooBuEre Rire BYamAbde
pRYcSEY GaGaRBINDBGselkesh. ON SEGN es eopyroadd n¥PEo( Xheay
phot oel ectron spectroscopy), and porosity was
1@van&ap§dWBth@s drappited THELIENNGhEt SRMEPSEEAERSs Wéfh

3559 A%Z af 489B, 270G n3hg 1EQ%EoﬂVeEoC%QBB%%%'a 6.5
nIS

rep frent’, the Ag ep03| appears to becomre
méoapierch bhuckedap051of1h|ghreatmgnutys abmonﬁtk@abd a

hot, f_F
g@EF%gL%EF %@%I@ﬂ:gﬁné ?ggfﬁérg ndg ng ?Fén flc ﬁpple 2

akBekease ih @%os_hménuri@a H28ht gt degosXPedaRaisSng a
reveal ed that after 0.6 MIQO the coating was 93.6 at%

cAgpogizisnyydth 488 BPR A8% OF. SAf fer 209 PEALathen, to
p%8855%9a“a§4.5 microinch thick deposit demonstrated a

coating with >97.5 at% Ag, <1.5 at% C, and <1 at% O (O and
C below the detection limit). A comparative sample with Ag
deposited by a commercially available composition
demonstrated a coating with 73 at% Ag, 22.5 at% C, and 4.6
at% 0. This demonstrates that the process and composition
of the invention yield an improved composition Ag deposit
containing greater that 90 at% Ag. Supporting Auger data
for Samples 1 and 2 are presented in Fig. 31. Supporting

XPS data for Samples 1 and 2 are presented in Fig. 32.

EXAMPLE 14
The contact resistance of Ag coatings deposited in
accordance with the invention was determined by testing
according to ASTM B667-92. An as plated sample with a
coating of 7.4 microinches thickness and a sample with a
coating 3.8 microinches thickness conditioned for 24 hrs at

85 C/85% RH were tested. Contact resistance was measured
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91.8 at% Ag, 2.3 at% C, and 5.9 at% 0 . The bath is
t hereby denonstrated to be capable of processing 28.7
woRookMBsperliter, at 0.2 mcron Ag thickness, BERAIL005/005702
coverage of the PWB, and amd7assunption of no drag out
of solution (although in production, drag out cannot
uB¢nBr 8verrRAmT-EXANTLE_L3c&ik@% PBateel ectrh@Ncontact was
spectroscopy (XPS) was enployed to determ ne carbon
medat ent ai fuAgpiepesi(tedmeteaceotdamtephptRdt Wath silver.

{nvention in arLsqQn to a co rcipal l; i lahl e
Tb?o§8§§eawascgﬁgg§iF?gngrggﬁplegggacégr %%ggﬁgat%g the
cbAvaeti eBswsthnAg depaskiademankeayifrgma2conpesist odnthe as-

with 375 p n1Ag{ at 49 C, and no agitatign, to
ppr&8dc82BPE S5k dP8i ndh LhBckCdEfosi £1Pn Bhr 88HENtSs

[ at - Is it o 519 uak% 7 d
e R R (LT R
effedeposi teddetpboyinggoa compesktt resiwtances50 FinesAg,

at 54 C , and,agitation, to _produce a 14. icrqi ngh .
B Sa8B6Y, LAt FRPSaE CORLERG et R T>67os g feposit
i80wvetd. 2oat YRG,, <aBdmshmab¥ Q000gandrEebel andt Bemains low

detection limt) . A conparative sanple with Ag
adspasicoadiby origemierc 24l hysadki BabILd 886nBdsi ti on

denonstrated a coating with 73 at% Ag, 22.5 at% C ,
and 4.6 at% 0 . This denonstrates that the process and
conposition of the invenEXaMPyEeld an i nproved
conpaqsi.tion Ag deposit containin reater that 9Q at%

Ao, | SOBHERL R AGTE: CORCREGY MAnERES 1T A S PEE& OTmed. to
detesented the Budk 3bniSuRRREH]AGeXBS FalPNHOreS¥iRIies the

1 and 2 are presented in Fig. 32. EXAVPLE 14 The
Agowactti nge Sifs ttéyec d nyle g ogloat iThgs S@epasist gsitgd were bare

C dan it [ t : '

FoenEg BRES oA, RS adey, 6519, Y DRSNS

iwviemtdon, and PWBs coated horizontally using the bath of

the invention. The testing protocol employed an Alpha 600-
SMD Omega Meter, a solution of 75% isopropyl alcohol and

25% water, 38 C solution immersion temperature, and a 4

minute stabilization period. The results were as follows:
Sample microgram/cm® NaCl equiv
Bare PWB 1 0.12

Bare PWB 2 .09

.31

0

Ag Vertical 1 0.16
Ag Vertical 2 O
0

Ag Horiz. 1 .48

Ag Horiz. 2 0.56

These results show that the Ag deposits meet the
cleanliness requirements of 1 microgram/cm® (6.45
microgram/in?) of NaCl equivalent by the solvent extract
conductivity testing. The higher conductivity of the PWBs
processed horizontally can be attributed to the required

final rinse.
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coating of 7.4 mcroinches thickness and a sanple wth

a coating 3.8 mcroinches thickness conditioned for 24
wheaear2885 C/ 85% RH were tested. Contact resi SPENUS2005605702

measur edusi ng a CETR UMI-238ul ti-specimen tester. The

contact was made on a Cu sphere (dianeter = 4 m)

plated with silver. The fgg@pgrmases20 to 100 grams.

Fig. 33 illustrates the contact resistance of

measheeipatsdf FenpaBelest(s of khé a@bluﬁéa paRPRESHt by

+/- e. 0...34 sho t

ég tri gUthﬁggpgfrggae rg_ o B ﬁs??% Eaké¥gect of
réaadméndadngreaedoméactThespahamsewefhepéateduhhssshoudons

that the contact resistance of the A sit is _very

depo

eWE%PYPD§v8L<a§aﬁ6Hﬁ13F ?0@°§u46F&E? 95Hg PBRarnsS 71 ow
d%&‘éﬁﬁﬂ{}éhhteﬂhngsf Qr -241hF S,ako85cE 85%sRH SEXAVRLES

vent extract conductivity testing was perfornmed
weoedptrepairad thetbiahkngoAghog| éarft i nessa /o) PVlis-alanine

IVI th ¢coa of. t nyent .0 I

eHeERco0Eh ¢ BaP e e bBE T oBE St Bad 2a Ven Plal Py aerag
ptibe batb gLy handnwaetirobalandePV\Bsheogtiedas about 5.
hori zontal Iy using the bath of the invention. The
PLasipagtpreEoesl 3eMpruyed XhcAPpHa2666- MIBSOTRGE1INI:
wiBEE" 402 E%EHE AReOf pZpYbRoREBRAY! 18/ saaoboan\qc%%"ronches
wat er , 38C sofuti én I nersi on tenperature, and
thilnit e @WaboﬁlzaE|onapengeddephelteéuhnsEwemglas16 were

Sa uiv Bare PVWB 1
aﬁaiizmgr PgESZaﬁag %éft SQPOTlB 5°Ag Vertical 2
0.31 Ag Horiz. 1 0.48 Ag Hor i Atomi@. %6

Ag C 0 cl
I surface 62.3 23.4 11.3 3.1
I bulk 98.4 1.4 <0.1
IT surface 45.4 34.3 17.8 2.5
II bulk 87.9 1.6 0.5

Photomicrographs of one of the Ag deposits were taken
and are presented in Figs. 35 A-D. Various tests of the
previous Examples were performed, including corrosion tests
in H,S, tarnish evaluation at 85 C/85 RH, wetting balance
tests, and SIR testing. The coatings deposited using this
composition were uniform deposits éxhibiting excellent
adhesion, tarnish resistance, solderability, and
electromigration resistance. They exhibited low porosity,
good contact resistance, good wear resistance, and good

wire bonding.
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These results show that the Ag deposits neet the
cleanliness requirenents of 1 mcrogram cnR (6.45

worasogsasn i n2) of NaC equival ent by the sol PenUs2005/005702

extract conductivity testidg. The hi gher conductivity
of the PWBs processed horizontally can be attributed

to the required final ri nxeMEXAMPZE 1 6 Lami nated Cu

panels (3 cmx 5 ¢cn) were prepared by cleaning

et chTRE, CoRAVEEeVALY pér TRERUPSPPSLERSL PEB§WW€ﬁded

dQEQFEQHESSw1¥Heap§§§'§2W%r%oRhﬁE%thEySQhﬁEkﬁ&%nts and a

nmpl oyi ng DL-al anine as a nodul ati ng agent and 5,

Ydﬂnéeﬁylpydbatwunhas aedhekanstahtr o€uki end.. 08chut | Ghe

r red containin NO 3 (Q.-5.-.1
hg B REe Sav R0t gpE B SR ol B FRpEAR: o npe. 16
@/ah\blepbl)lr ofhe Bi@B (Bt5c@ kheandveatevnbalfamsamplliee 1
pH was about 5 . Plating tines of 3 mnutes_ yielded a
<ﬂgmﬁaﬁté>eoapﬂng cRfyes Cila laypayranéel epbRber 14Bar the

0 h k h
B R B0 s Blhary 220 By xea Aty &1

for composi tion: Atonlc %Ag CO d | surface 62.3
23.4 11 .3 3. 1 | .bulk 98.4 1.4 <0 .1 Il surface 45.4
34.3 17 . §°8dUELEVILY| k 97.9 1.6 0 .5 Phot oni crogr aphs

Sg&pqge#ofmgU@mAg deposi t gpwer e taken and are present ed
in Figs. 35 A-D. Various tests of the previous

Exanpl es weB&7perfor med, 1|ﬁ€5u@|ﬁé -8oFrosion tests in
H2S ,, tarni eval uati on at, 85 ;CHL85gRH, wetting
balance t§s§29 and SIR tés??%g %e cggtlngs deposi ted
using thi o2 0.698 @ 23.1 C

4 30.8 6.723 @ 23 C

The present invention is not limited to the above
embodiments and can be variously modified. The above
description of preferred embodiments is intended only to
acquaint others skilled in the art with the invention, its
principles and its practical application so that others
skilled in the art may adapt and apply the invention in its
numerous forms, as may be best suited to the requirements
of a particular use.

With reference to the use of the word(s) "comprise" or
"comprises" or "comprising" in this entire specification
(including the claims below), it is noted that unless the
context requires otherwise, those words are used on the
basis and clear understanding that they are to be
interpreted inclusively, rather than exclusively, and that
it is intended each of those words to be so interpreted in

construing this entire specification.



conposition were uni form deposits exhibiting excellent

adhesion, tarnish resistance, solderability, and
web@eioezsas gr ati on resi stance. They exhi bited | p@I/US2005/005702

porosity, good contact resi48tance, good wear

resi stance, and good wire bondi ng. EXAMPLE 1 7 The
weanrduet cyntrmeef tkeur deposition baths was determ ned

with a YSI 3200 Conductivity Instrunent, and a YSI

3253 probe with a cell constant of K= 1.0/cm The

bathsg o iLnwertion o I
(Sanire 2 PoceRECRpL Aol GEIHR, 8 el HATRBE £ack ARtk daing
cbnESanphng Bhp meand aucdsner eiahl v ammpbabteohatbmpr1s1ng

w thin th% invention descri bed | gﬁf %5

a( 8gMpre 24 Ag é8ﬁ&ué‘t"|‘3vi‘”ta§e§aﬁﬁl Oﬁ"‘né/ ﬁsf C@?’flng on
t%eS%ét@QZ%ur%a@ez Qh@%%lﬁ 892 @22.8c6ndeB2 %fGQ%e@)

23.1 C 4 30.8 6. 72 @23 C The present invention is

crepokiifioad iso svﬁé éb@\te ignbedi RremPSTaRETREH afETre
C%%r §%§b¥t %%Eb%da%§gg ago%g{gﬁ§cr|ptlon of preferred

mentd i°s Nt 8 onl 0 acquai nt others
skllled in the art with the invention, |ts principl es

and its practical application so that others skil.led
"n the ANE KAPCEASHOTaRd 2By WPRESLRYERE GRS On

fAHHREQUS o ?&Q§esa§n”€1k9§egﬁsbo§9bhﬁﬂetgoﬁ§%cet1c acid

requi renents a particular use. Wth reférence to
compouse .of the word(s) "conprise" or "conprises" or
"“conprising” in this entire specification (including
the clains below) , it is noted that unless the

3. The process of claim 1 wherein the composition

further comprises an alkylene polyamine polyacetic acid
compound from a alkaline earth/alkali metal-free source of

alkylene polyamine polyacetic acid compound.

4. The process of claim 1 wherein the composition
further comprises N- (2-hydroxyethyl)ethylenediamine

triacetic acid.

5. The process of claim 1 wherein the composition
further comprises N- (2-hydroxyethyl)ethylenediamine
triacetic acid from an alkaline earth/alkali metal-free
source of N-(2-hydroxyethyl) ethylenediamine triacetic

acid.

6. The process of claim 1 wherein the composition
further comprises an alkylene polyamine polyacetic acid
compound and the composition has a pH between 1 and about

3.



context requires otherw se, those words are used on

the basis and cl ear understanding that they are to be
w0 ndoeopsat ed i ncl usi vely, rather than excl usi vetUSBNS005702

that it is intended each of1t hose words to be so

interpreted in construing this entire

specif i eaki pRoWEAT LS CLALNED Lferdin AnBre6apssheloAd

plating a netal surface conprising contacting the
fuethersgpiRcésast N- é2ché@QKVE@hYgbﬁﬁhyéﬁﬁgdaa®é9ﬁce

of A n d t t r.m. e a h
chupareat ida 2l fhenCohBopuhi £ BaRc, BAr bhfdeRR 1 tna
abegposi.tion is such that it has a roomtenperature

conductivity bel ow about 25 nS/cm 2 . The process of

claim1 wherein the conposition further conprises an

a'kyben%heobxegbe% Bel ¥ageki ¢ FRkdesAMPANEomp3sitIBa

process of claim1 wherein the conposition further
foohpeirsesmamiakky kenempobyariideagdiyaveti ¢ aci d

compound froma al kaline earth/alkali netal-free

source of al kyl ene pol yam ne pol yacetic acid conpound.

4 . $heTpeopesseek @Eabmhlmwbewabme&hethenamshbianld

further conprises - dr oxyet hyl ) et hyl enedi am_ ne
afflii séuei dsasrdecsed fﬁ@mng€e§§°BP EPB?ﬁﬁilﬁﬁePélﬁhﬂﬁél

lgeﬁeg goanHUansﬁleomaktagés L G2aRydeoxyethyl)
ene

iamne triacetic acid froman al kal i ne
earth/alkaI| metal -free sour ce of N -

2-h t hyl th di t
e SPootbe' Brokeginbs aReil B Fheteafosbe Afide deig
acBeARhiees sanraki¥hene .pol yam ne pol yacetic acid

conmpound and the conposition has a pH between 1 and
about

11. The process of claim 1 wherein the composition
further comprises an amino acid additive and the

composition has a pH between about 4 and 5.

12. The process of claim 11 wherein the amino acid
additive is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

13. The process of claim 11 wherein the amino acid

additive is DL-alanine.

14. The process of claim 1 wherein the composition

further comprises a hydantoin derivative.

15. The process of claim 1 wherein the composition

further comprises 5,5-dimethylhydantoin.



3 .7 . The process of claim1l wherein the conposition
further conprises N - (2 -hydroxyethyl)

webéngloersaslii ami ne triacetic acid and the conposPeT/OR2005805702
a pH between 1 and about 342 8 . The process of claim
1 wherein the conposition further conprises an am no
aci digddirhevero@estshefproaess 10ivhelkaim 8hehebeipbstihe on
amno acid additive is_selected frogmthe_group .

FushEPEt FREPEE SERi ARI St8BNERS BK1dRAPFAR¥NFESnPXiGredlock

Bl pBhdRkpeaqdQr 1FRe process of claim8 wherein the
anPno acid additive is DL-al anine. 11. The process of

claim1 wherein the conposition further conprises an

am ng_acid additive and the c osition a.pH

et widn AH5.PTacaRs oF ciain FRe“Rrseals BF BrlViers
ovheegi Bropelafenexadedbadekt cvepblymelrebtedaf Lamtt Ratio of
%{oup consisting of chiral isomers of and racemc
PRi:EPuPés abPusl dnfne. 13 . The process of claim 11

wherein the amno acid additive is DL-al anine. 14 .

The process of claim 1 wherein the conposition further
conpiisseTha bydaessi nfdelavat l¢ewheFeiThsher etbyd eofe

cl.aim 1l wherein the cogposition further.conprise .
okiBedi REPRYLRYaRTarE, T8Ot EohPAENE o S8 &i i1t ratio of
pehebebr Bha gonposgition further conprises an ethyl ene

oxi de/ propyl ene oxi de bl ock co-polyner additive. 17.

The process of claim 16 wherein the ethyl ene oxide/

propyl.en Xi l.ack c r uRkt, rat. f
b0 L3 ot AP RS S 1Y TR, kheTedp e hA
orheledi propglenkylbanee block co-polymer has a unit ratio of

PO:EO of about 5:3.

20. The process of claim 16 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio of

PO:EO of 5:3 +/-10%.

21. A plating composition for Ag plating a metal
surface, the composition comprising a source of Ag ions and
water and having an ionic content such that the composition

has a room temperature conductivity below about 25 mS/cm.

22. The composition of claim 21 wherein the
composition further comprises an alkylene polyamine
polyacetic acid compound from a alkaline earth/alkali
metal-free source of alkylene polyamine polyacetic acid

compound .



oxi de/ propyl ene oxi de bl ock co-pol yner has a unit
ratio of PO-.EO of 3:4 +/-10% 19. The process of
W@ b@ici22B85 wher ei n t he et hyl ene oxi de/ propyl eneCDKSTIOS/005702
bl ock co-pol ymer has a uni#3ratio of PO EO of about
5:3 . 20. The process of claim16 wherein the ethylene

oxid p y | bl ac - poky nit

Fati 2 of THG) EBEp8L $8n bCHI £ PORY REFPES End
conppsstionnféothdyg pbaprhgea Wetal surface, the

C ositjon co I Si a.source_of Ag ion nd wat er
hEEORYGF RYL ARCEAPBEORTERE SACACTRAL PRECCHRBBSAI on
allR§18nE0BAYERIREKAL U RecaNdectEVEbYrbel oW Rbout 25

nS/cm 22. The conposition of claim?2l1 wherein the

hygdnpssethph) f aEhréernediprnisestahaarkyreAcifol yani ne
pol yaceti c acid conpound from a al kaline earth/al kal
netal -free source of al kyl ene pol yam ne pol yacetic
aci d2gonphendom@dsithencefipotaimonlowhekraim Ehewher ei n
osi tion further conprises

t he cong g - %2- .
CRYAPEX Yy &PRy FYTERAY| ERBAFARFRCEr PACEL PESaBPYYAMGRFaN
peh§ahbe§ceaE§a/eb%?bunassah-EﬁeegaagesetQBpNhas(a- H

hydr oxyet hyl ) et hyl enediam ne triacetic acid. 24. ?he
bebwpoesi Li endofbelli 21 wherein the conposition

further conprises an al kyl ene pol yam ne pol yacetic

acid conpound and the conposition has a pH between 1

and about TBe. c3bpodheicanpastlihdm ofi ¢harmidltiker ein

the conposition further conprises an amn

N acid. .
CPREPB £ 6PRof UAGNBEBSTIPESRCE287 FHNEORFOS] LPBADSFOT Of Ag
ashakm 28nvherein the amino acid

26. The composition of claim 25 wherein the amino acid
inhibitor is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

27. The composition of claim 25 wherein the amino acid

inhibitor is DL-alanine.

28. The composition of claim 25 process of claim 1
wherein the composition further comprises an amino acid
additive and the composition has a pH between about 4 and

5.

29. The composition of claim 21 wherein the

composition further comprises a hydantoin derivative.

30. The composition of claim 21 wherein the

composition further comprises 5,5-dimethylhydantoin.



inhibitor is selected fromthe group consisting of

chiral isonmers of and racem c m xtures of al ani ne. 27.
wOb@coorgpdsi ti on of claim 25 wherein the am noper/iud2005/005702

inhibitor is DL-al anine. 284 The conposition of claim

25 process of claim1 wherein the conposition further

conppiseshancafpbeidebd addcihy® andwhbeetcanphsi ti on

has a pH between about 4 and 5 . 29. _The conposition
cemp@ﬁaghpelfwﬁéhérnCPWErééﬁﬁoént?BHY#GPFh@FlésﬁﬁFP§§§ene
034 B¥dBILAKNACELY LY ad0¢ s The composition of claim

1"Wherein the cofpositron further conpri ses

5, 5-di et hyl hydant oi n. 31. The conposition of claim?21

wher ein e conposi.tion further c rises.an_ethyl en

o 08P pr 51 EREBORRAEOR! GOk Ao PorgEPEEaart bg E55Yiene
oXhaegoppepitica ekigkabmbidk whepeljmbRenhakhyl engt ratio of
oxi de/ propyl ene oxi de bl ock co-polyner has a unit
PPaEPoosf aPorEO36f -about 3:4. 33. The conposition of
claim 31 wherein the ethyl ene oxi de/ propyl ene oxide

bl ock co-polyner has a unit ratio of POEOO 3 : 4

+/ - 10%. 3%e Theposipdasnt bdncdbicl ainwBéreter ¢he ehéylene
et h

hyl ene oxide/ propyl ene oxide block co-polyner, has a
oL/ BEPBYOETBEAEBFop 268 FOEPS Y rgs BpRee thit Taclo of
pEOEBOSIFt kol Qf/_gbaim 31 wherein the ethyl ene oxide/

propyl ene oxi de bl ock co-polyner has a unit ratio of

PO EO of 5:3 +/-10% 36. The process of claim1l

wherepn the i%%%%sﬁ%@%%”EfOElggﬁ %g”&ﬁ%&%&ﬁ”th% S4&01 ene
that “i't has a room ténperature conductivity bel ow
oabdel/ PRoplilefe oxide block co-polymer has a unit ratio of

PO:EO of about 5:3.

35. The composition of claim 31 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio of

PO:EO of 5:3 +/-10%.

36. The process of claim 1 wherein the ionic content
of the composition is such that it has a room temperature

conductivity below about 10 mS/cm.

37. The process of claim 36 wherein the composition
further comprises an alkylene polyamine polyacetic acid

compound.

38. The process of claim 36 wherein the composition
further comprises an alkylene polyamine polyacetic acid
compound from a alkaline earth/alkali metal-free source of

alkylene polyamine polyacetic acid compound.



37. The process of claim 36 wherein the conposition

further conprises an al kyl ene pol yam ne pol yacetic
wa@eood/ogsapound . 38. The process of claim 36 WeT/@51005/005702

the conposition further comprises an al kyl ene

pol yam ne pol yacetic acid conmpound from a al kali ne

eart hjal i =free Uy CQ-0 e p LOe

e R R o S
fubheherncbhprieapoNi {2 ehyfluokhethgbhpthyéenidiah2ne

- hydroxy ethyl) ethylenediamne triacetic acid. 40.
t?ﬁécﬁFb eggléf cl ai m 36 wherein the conposition

further conprises N - (2 -hydroxyethyl)

et hyl enedi ami ne triacetic acid froman al kaline o

eart APal Bhei precarsf PEecsaiimcadboMhRreipothe composition

- 0D : t Ryl enedizani [ ' ' The
FPEHEe EhDErked, Y GREP PR TECh FeRR i andhe,
tegapetsesaandatkphmenn pokpatheeepokideékitiavkedal-free

compound and the conposjtion has_a pH.between 1 and.
SgHE6E 9f.N4é?-?wérﬁg§865338feeﬁxﬁﬁP§€1®WéP8i rﬁﬁseglc
ae9@aposition further conprises N - (2 -hydroxyethyl)

et hyl enedi am ne triacetic acid and the conposition h a
s a pH between 1 and about 3 . 43. The process of

cl aim 36 erei e _¢o [ thon er ' :
am G acTdSaBAPEreS. OF4C s podBsEeaf shll Rrgesition
fuleheirn cohgragesoaachdkaddnki pelyamiakepbégateanict heid
group consisting of chiral isoners of and racemc
CRIROYREs 288 &NEnFREPORS t1PRe PAFoBeBE BELYPEPMI48nd about
swherein the amno acid additive is DL-al anine.

42 . The process of claim 36 wherein the composition
further comprises N- (2-hydroxyethyl)ethylenediamine
triacetic acid and the composition has a pH between 1 and

about 3.

43. The process of claim 36 wherein the composition

further comprises an amino acid additive.

44, The process of claim 43 wherein the amino acid
additive is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

45, The process of claim 43 wherein the amino acid

additive is DL-alanine.

46. The process of claim 43 wherein the composition
further comprises an amino acid additive and the

composition has a pH between about 4 and 5.



46. The process of claim43 wherein the conposition
further conprises an amno acid additive and the

W@ oonposisss on has a pH between about 4 and 5 . 4FCT/TRB®05/005702

process of claim46 whereigéthe am no acid additive is
selected fromthe group consisting of chiral isoners

of apd. repeMpeobbiEUbesS-0hiAl 28I NBerd8n the BMEEESSCRH
claim46 wherein the amno acid additive is .
apinfdni he. sadecthrd prowvesbeoprerni APBE1RARERE Aft gRiral
: o) u . GO ' a_hy [p derivative.
lggggggeggrggéségggEé?aﬁﬁgéég§ﬁe?gi%ﬁghghgénposition
further conprises 5 ,5-dinmethyl hydantoin. 51. The
process of claim 36 wherein the c osition further
conp?Pse?hﬁnpéPﬁ§?én8fo§§8éWp?Spvgggglﬁngg BrPépR acid
a8Q1PoL¥neL pedhbtbWened2 . The process of claimb5l
wherein the ethyl ene oxide/ propyl ene oxide bl ock
co-polynmer has a unit ratio of PO EO of about 3:4. 53
. The_process_of ¢l ai wherei et hyle i.del
prongengﬁgxPagcﬁggclegi86 y%gruﬁéggégug¥g ?gpgésg?lon
fRO EOrCbodprd sek- 40Uydadtoifh@epioaesseof claim 51
wherei n the ethyl ene oxide/ propyl ene oxi de bl ock
co-polynmer has a unit ratio of PO EO of about 5:3 .
55. E?? 95@0?§§c%Est§'E&leﬂ@%f@hErEHﬁ ehbykeRPosition
oxi de/ propylene oxi de bl ock co-polyner has a unit
fuatherotoROrESesf 5553dimetbyd Bgdanheiprocess of claim

1 wherein the Ag-based coating conprises at | east

about 80 atomc % Ag (bul k average) . 57 . The process

of ckai mrheWbebeklst bE Agabased wherein the composition

further comprises an ethylene oxide/propylene oxide block

co-polymer additive.

52. The process of claim 51 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio

PO:EO of about 3:4.

53. The process of claim 51 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio

PO:EO of 3:4 +/-10%.

54. The process of claim 51 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio

PO:EO of about 5:3.

55. The process of claim 51 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio

PO:EO of 5:3 +/-10%.

of

of

of

of



coating conprises at |east about 90 atomc % Ag (bul k
average) . 58. A process for Ag plating a netal
WG wobazxs3Tonpri sing contacting the netal surf aeer/vsions/es702
conposition conprising: a Wa source of Ag ions; b))
an al kyl ene pol yam ne pol yacetic acid conpound; and c
) water; TheepebBebBEcEORPASt L OWhBasia pHebatweaBed
and about 3 , to forma Ag-based coating on the netal
ceatiBgeCOBDriTRE pEoéE3StopbENAI RPS8ERREFeSnABhdbulk

a@gggégye pol yam ne pol yacetic acid conmpound is N - (2-
hydroxyet hyl ) ethyl enedianine triacetic acid. 60 . The
process of claim58 wherein the al kyl ene pol yam ne

' t i d d.i kal i h/ al kal
R g

c8hhyhgnedipmiBest hkagebike agbde 68. abomeapesiny apuliar
Ag plating a netal surface conprising : a ) a source

agerageloens; b ) an al kyl ene pol yam ne pol yacetic acid
conmpound; and c ) water;wherein the conposition has a
pH between 1 and about 3 . 62. The conposition claim

61 wBer.ehAnpirbeeakk fbenagpellpadnge apokyadesiue facied

conmpound is N - %2- h¥%roxyetgylh th Ien%g;awine osition
COMPELELTE SOPEAC63NS ThE PR5eesSUSt3EFaim-61 ATl ey
cbhprakkybene
a) a source of Ag ions;
b) an alkylene polyamine polyacetic acid
compound; and
c) water;
wherein the composition has a pH between 1 and about

3, to form a Ag-based coating on the metal surface.

59. The process of claim 58 wherein the alkylene
polyamine polyacetic acid compound is N-(2-

hydroxyethyl)ethylenediamine triacetic acid.

60. The process of claim 58 wherein the alkylene
polyamine polyacetic acid compound is an alkaline
earth/alkali metal-free source of N-(2-

hydroxyethyl) ethylenediamine triacetic acid.

61. A composition for Ag plating a metal surface
comprising:
a) a source of Ag ions;
b) an alkylene polyamine polyacetic acid
compound; and

c) water;



pol yam ne pol yacetic acid conmpound is an al kal i ne
earth/al kali netal-free source of N - (2-

whyawoxagset hyl ) et hyl enedi ami ne triacetic aci d. PEHUS2085/005702
process for Ag plating a ngg8al surface conprising
contacting the nmetal surface wth a conposition

conpwh&ir8gn: tBe) campobi€eof hAg hOPH; bbtyean anand about
acid inhibitor of Ag deposition which functions at a
3pH bet ween about 4 and about 5 to slow Ag deposition
rate; and ¢ ) water; to forma Ag-based coating on the
nmetal surface by displacenent plating under plating
condébei.ofbewnempometabnotlahm fét whexaihathef ad&yilens

as_a_reduci agent for .the Ag iqgns_..,65, The process
p8iy8WéPﬁ1829§ﬁ8gg?ﬁ ?ﬁéd08888§PPgoﬁshgé§%_pH bet ween
hbedky4rand) abByi ehediffiindherpaeeess atidlai m 64

wherein the amno acid inhibitor is selected fromthe
group consisting of chiral isoners of and racemc

m Xt upes Lae. 67 - 0 [ 4
whor £5 The ERPOERE o8 1AM, BE RERgRh FEE BlRbdeney
ppilgeasaecopotiacrrtd whedecnmpbendnisoaachdkiedhinki t or
S ﬁzliit d fro tge roug cons%s&igg of chiral
CRLERERS <8 LaRG PacshtE RPREGFeStol' "aFani ne, and the
h%a&89§bth9m)aeayaea@d@ahmﬁentgba@étécaaaiaboyt 5. 69.
he process of claim®64 wherein the amno acid

inhibitor is DL-al anine, and the conposition has a pH
be‘“%%? ibﬁggcésgn?Pnggtp?atiﬁg'aAmgegﬁoéhEkg%efor Ag
plating a frefal surface
comprising contacting the metal surface with a composition
comprising:

a) a source of Ag ions;

5 b) an amino acid inhibitor of Ag deposition which
functions at a pH between about 4 and about 5 to
slow Ag deposition rate; and
c) water;

to form a Ag-based coating on the metal surface by
10 displacement plating under plating conditions where metal
of the metal surface functions as a reducing agent for the

Ag ions.

65. The process of claim 64 wherein the composition

has a pH between about 4 and about 5.

66. The process of claim 64 wherein the amino acid
inhibitor is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

67. The process of claim 64 wherein the amino acid

inhibitor is DL-alanine.



conprising: a ) a source of Agions; b ) an amno acid

i nhi bitor of Ag deposition which functions at a pH
whedospes3about 4 and about 5 to sl ow Ag deposiPEDOS2005/005702

rate; and ¢ ) water. 71. THe conposition of claim70

wherein the conposition has a pH between about 4 and

aboukgd ThéZ2priBesg0BROSLiANcaf whkakih7Bhwhemnend tbed
am no acid inhibitor is selected fromthe group

1cbmbn§prn9805eéhctad fzometbeopraHl FABEAPELRBXPHr 65iral
i%ﬁmgl . @eand racégg C%gﬁg %EOBFoglghﬁhgh7g?ﬁ2%5%'n

eamno acrd rn tOI‘ ani ne

cenppeskibanhat alpHnbzewahﬁrebnuthe andnebaaitds .
inhibitor is selected fromthe group consisting of
chiral isoners of and racem c m xtures of al ani ne, and

the gampesit LeR-RAs BrPHIAeWEENwABRHE n4raBda@kadt aeid
75. The conposition of claim 70 wherein the am no

1ahu51mnh|bst@L aéaD&naLanndethanéompésééﬁﬁﬁshﬁﬁoﬁ BHs
bet bout, 4 bout 5 . 76. A process for
bﬁ&gsﬁ ﬁg %EFSF 3nd g an

gort'ace- conprising contacting the
metal surface with a conposition conprising : a ) a
source of Ag ions; b ) an amng acid selected framthe
grouﬁocoﬁsp§ﬂpﬁ§16ﬂo€hﬁpglABSB%@F%“SfaaWSt? cEMrdace
ghg sef alanine; and ¢ ) water; to forma Ag-based
co ting gn the netal surface. 77. The process of claim
76 wheralsomheecoﬁpegiﬂboﬁ'has a pH between about 4

and %?oun amino acid inhibitor of Ag deposition which
functions at a pH between about 4 and about 5 to slow Ag
deposition rate; and

c) water.

71. The composition of claim 70 wherein the

composition has a pH between about 4 and about 5.

72. The composition of claim 70 wherein the amino acid
inhibitor is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

73. The composition of claim 70 wherein the amino acid

inhibitor is DL-alanine.

74. The composition of claim 70 wherein the amino acid
inhibitor is selected from the group consisting of chiral
isomers of and racemic mixtures of alanine, and the

composition has a pH between about 4 and about 5.
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78. The process of claim76 wherein the amno acid is

DL-alanine . 79. The process of claim76 wherein the
waneneo2mss d i s DL-al ani ne, and the conpositi onPBESEOFHIS702

bet ween about 4 and about 30. 80. A process for Ag

plating a nmetal surface conprising contacting the

met azssurhaceowpbbBiaieanpestlihdn CONRhesklg: tAe) aino acid
source of Ag ions; b ) a hydantoin derivative; and c )
ighiBitoroipoPhralagipgseantohPEngOBROEREIRBL BRS @ PH
bggggaﬁeabé t dhgnArgeess gf claim80 wherein the

antoln derivative 1s 5 ,5-di nethyl hydantoi n. 82. The
process of claim80 wherein the conposition further

conprises an _am no_.aci g additive. 83 he process of
C ar RE 8o REPERRS: Faaieng At oaaarer b PLPLaEser ed
cbhpmi EhBg0EeHRacensySthegmet athkakateoween af caf@osition

racem c m xtures of alanine. 84 . The process of claim
CePPWRERBEA the am no acid additive is DL-al anine. 85.

The oge f..cl.ai n.8 erein the conposition
furt grgcgéﬁgfgeé§aﬁba%$ﬁ%'acid additive and the

conpbsi thoamhas acpH befleeerdalboom #handrbup 86bnsikeing of
E[oc ss of cIaiE185 wherein the ﬁ"ino a%id addi tive E?
c8éradt &§OTFom PheGroapeEBRSi BLFhY=6F Chi PAF I EGHerE

of apg gaeem.c m xtures of alanine. 87. The process of
claim 86 wherein the amno acid additive is

DL- akenifpem 88AgabasrPosSPELHATIf 6 AjepMmatrhg SHrkacsl-
surface

77. The process of claim 76 wherein the composition

has a pH between about 4 and about 5.

78. The process of claim 76 wherein the amino acid is

DL-alanine.

79. The process of claim 76 wherein the amino acid is
DL-alanine, and the composition has a pH between about 4

and about 5.

80. A process for Ag plating a metal surface
comprising contacting the metal surface with a composition
comprising:

a) a source of Ag ions;

b) a hydantoin derivative; and

c) water;

to form a Ag-based coating on the metal surface.

81. The process of claim 80 wherein the hydantoin

derivative is 5,5-dimethylhydantoin.



conprising contacting the nmetal surface with a

conposition conprising : a ) a source of Ag ions; b))
w@20vga2238i N derivative; and ¢ ) water. 89. ThBCT/US2005/005702

conposition of claim88 whétein the hydantoin

derivative is 5,5-di methyl hydantoin. 90 . A process

for &9 Prati PPo8e8BL8F SH&{ACEo CORPEL $HhNEnE0BLAELENFion
the netal surface with a conposition conprising :a ) a

fyother ocbmpygiseasanbajinn athygl ad@ibkxvede/ propyl ene
oxi de bl ock co-polyner additive; and ¢ ) water; to
forma Ag-based coating on the netal surface. 91. The

process DheChabbe98 vhecbhimt B2 whéykenethi deino acid
prpgylene oxi de bl ock co-golyner has a unit ratio of
apditEroisapeliecBed. foom thReopPR eSSt SEFAEnPHochiral

- Ln th t 0xk oRy! Lde bl ock
O aer Thds A aneT Tatraer B BB 0w
93 . The process of claim90 wherein the ethylene

Cat i 84 of TR PEC o ahbur 85 CooiietaRG piE Bukfp) acid

a8 at m,Q0i whet.ehnahhgeet hyl ene oxi de/ propyl ene oxi de
bl ock co-polyner has a unit ratio of PO EO of 5:3

+/-10% 95. A process for Ag plating a netal surface

Conp§g§ifﬂecgggggggngftEfaﬂﬁtgb sHebacs %h&hcamposition
conposSition conprising :
further comprises an amino acid additive and the

composition has a pH between about 4 and 5.

86. The process of claim 85 wherein the amino acid
additive is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

87. The process of claim 86 wherein the amino acid

additive is DL-alanine.

88. A composition for Ag plating a metal surface
comprising contacting the metal surface with a composition
comprising:

a) a source of Ag ions;

b) a hydantoin derivative; and

c) water.

89. The composition of claim 88 wherein the hydantoin

derivative is 5,5-dimethylhydantoin.

90. A process for Ag plating a metal surface
comprising contacting the metal surface with a composition

comprising:



a ) a source of Ag ions,- b ) an al kaline earth/al kal
nmetal -free source of al kyl ene pol yam ne pol yacetic

wa@eood/ogsapound; and ¢ ) water; to form a Ag- baBemus2005/005702

coating on the netal surfaée. 96. The process of claim
95 wherein the al kyl ene pol yam ne pol yacetic acid

compgungd ksubce 62-agydeaxyethyl) ethyl enediam ne
triacetic acid.97. The process_of claim95 wherein the

Ag basedancehbyhgnesoxidpénserEbent 8BldeoRiech ag-polymer

- ve e) . 98. The process of claim95 wherein
aéﬁgkgégbaégg coating is at |east about 90 atom c % Ag

(bul &) awetage) . 99. The process of claim96 wherein
the Ag based coatjng i.s at | east apput 90 atom c_% Ag
(bul Keab8raqa) A8 b38etTRBRpiB0obe " BRECPEF A 0B hiarE: &
the Ag based coating is at |east about 95 atom c % Ag

(bulk average) . 101. A conposition for Ag plating a
met aPlsuThacereerpri sfnglasmt 46t VRAGTERB RBEaPtEyiraee

W th,a ¢ L . Lsing; 0 e of A ;
ofuhg/ “gEREERear SR 8 BLbRl SpeBrl vReRoHoFr acbdl patio
pof Eal k¥l epeupoByam ne pol yacetic acid conmpound; and c

) water. 102. The conposition of claim101 wherein the

al kyl ene pol yam ne pol yacetic acid conmpound is N - (2-

hydr@éYG&H&'grebaggee%dbaaameebrwaeebhﬁ aeideth3end
process for plating a Cu surface of a printed .
owil dedgpboardesgbowridee bhaekngoepedynegahagnteb@dfn&et 10

ecesses.compri si.ag sequentially a ) applying a Ag
P@rg iﬁg 80%p5£i?98ﬁ conprising a source of Ag ions to
93. The process of claim 90 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio

PO:EO of about 5:3.
94. The process of claim 90 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio

PO:EO of 5:3 +/-10%.

95. A process for Ag plating a metal surface

of

of

of

of

comprising contacting the metal surface with a composition

comprising:

a) a source of Ag ions;

b) an alkaline earth/alkali metal-free source of
alkylene polyamine polyacetic acid compound; and

c) water;

to form a Ag-based coating on the metal surface.

96. The process of claim 95 wherein the alkylene
polyamine polyacetic acid compound is N-(2-

hydroxyethyl)ethylenediamine triacetic acid.



the Cu surface, and b ) nechanically assisting the Ag
pl ating conposition into the electrical interconnect

WO emmeds:3s . 104. The process of claim 103 wher eP@r/Ukm®05/005702
mechani cal |y assisting thes®g plating conposition into
the electrical interconnect recesses conprises

cont 86t i et BBoLHs8ULEAL S Mt B awhE S Int enbBr HghphBEaAT
pl ating conposition into the electrical intercConnect
coaténgess ab5leaptpabeouss8Pontamipl &t Aeg (hutk svetage) -
of a printed wiring board substrate conpri sing
contacting the Cu surface with a conposition
cConppBSi MHe Brpcads8ouvrFcelafimAgsi whsrehn) tHEDAS; baskdan
et hyl ene oxi de/ propyl ene oxi de bl ock co-pol yner
cgaBipgves at)lgashr AbPsHti ARi BFPBLC &Anfi9e (Punkt average) .
wherein the conposition has pH between 1 and about 3 ,
and a roomtenperature conductivity of |ess than about
25 nBpcnTheopforesa Af- based 86awhaygesn the Aet hhsed

surface.which.conprises, at .l east .abgut 90 _atom c % A
C?BEFR9a63r8 e}eéggoggoﬂtc%ﬂpagPp%Snﬁf%9 Rﬁu%%aﬁyﬁéa 4.
Cu surface of a printed wiring board substrate, the
conposition conprising: a_) a source of Ag ions; b))
HEDTAQ O ?hanpépﬁwsén@fo%ﬂaémp%pyh@ﬁ@l&}xga@ BBoersed

c§§;gggygsfaedggggzeabguk 85t 3EBhsh EnREbihaLk andragh) .

101. A composition for Ag plating a metal surface
comprising contacting the metal surface with a composition
comprising:

a) a source of Ag ions;

b) an alkaline earth/alkali metal-free source of
alkylene polyamine polyacetic acid compound; and

c) water.

102. The composition of claim 101 wherein the alkylene
polyamine polyacetic acid compound is N-(2-

hydroxyethyl)ethylenediamine triacetic acid.

103. A process for Ag plating a Cu surface of a
printed wiring board substrate having electrical
interconnect recesses comprising sequentially a) applying a
Ag plating composition comprising a source of Ag ions to
the Cu surface, and b) mechanically assisting the Ag
plating composition into the electrical interconnect

recesses.



wherei n the conposition has pH between 1 and about 3 ,
and a roomtenperature conductivity of |ess than about
w@2o0aB22883 107. A process for Ag plating a Cu seeT/EsS®0D05702
a printed wiring board sub$strate conprising contacting

the Cu surface with a conposition conprising: a ) a
sour a®@4af TAg iparEessh Of @ adm no3aciheradadi ttihee mechanically
sel ected from_the _group consisting of chiral isoners
356 1gkd N & APl &Pﬂ@ogﬁitﬁgvfl &n)toar?%@t &itgical
1PpElcd /PRy 8Re c@dede dRTK e RONERE iddditeY &u Gurface
hydantoi n derivative; and e ) water,- wherein the
Wi Gt @s brius s b sihe tblise Aca pd @t inga feMRISSUt iDn it &£he

s QoM tem eriatt%rr%oc%n%%cti\éiet eosf | ess than about 25
r+§/c5rﬂ to forma Rg-ebasér coatirig on the netal surface
whi ch conprises at |east about 90 atomc % Ag (bul k

averzi%%) . 108. A conpositiaon for Agﬁicé)}lt ating a Cu

surf oA RIRGEFted Ak ANPLESTE Sulkst Srdadmet 2
p79ReY Wi%n?orﬂ&%!rﬁ Wbt atd SYHHTE A GBS E g the cu
an amno acid additive selected fromthé group
seorfsicst wighofa cloimpads litsome compfr isgidiar:acen ¢ m xt ur es
of al_ani_ne; Cﬁ')@ ag §|thy.l ene oxi de/ propyl ene oxide
bl ock’cé FOYTer “addi% iN&®d ) a hydantoin derivative;

s and &)) nMafey;; Wherein the conposition has pH between
about 4 and

c) an ethylene oxide/propylene oxide block co-polymer
additive;
d) a tarnish inhibitor; and
e) water;
10 wherein the composition has pH between 1 and about 3,
and a room temperature conductivity of less than about 25
mS/cm, to form a Ag-based coating on the metal surface

which comprises at least about 90 atomic % Ag (bulk

average) .

106. A composition for Ag plating a Cu surface of a
printed wiring board substrate, the composition comprising:

a) a source of Ag ions;

b) HEDTA;
5 c) an ethylene oxide/propylene oxide block co-polymer
additive;

d) a tarnish inhibitor; and

e) water;

wherein the composition has pH between 1 and about 3,
10 and a room temperature conductivity of less than about 25

mS/cm.



about 5, and a roomtenperature conductivity of |ess

t han about 25 nS5/cm 109. A printed wiring board having
w@EosnrmsTonnect s therein having a surface coap¢TgsSmns/ 005702

the Cu interconnects whichsgonprises at |east about 80

atomc % Ag (bul k average) . 110. The printed wiring

boar flo9f chapprdB8swherephy phetsHyf aceucsatEnge of a

conprises at |east about 90 atomi c % Ag (bul k average%
printed Theipgi heagdwsrbagrbbar 6oBPréFanth $00taRELEBNthe Cu

th rf oal | COORLI . Least about 95 atomc

shpga3Ur Lack 20BLLAgSCOTBE! 6RpRt o Al
a) a source of Ag ions;

5 b) an amino acid additive selected from the group

consisting of chiral isomers of and racemic mixtures of

alanine;

c) an ethylene oxide/propylene oxide block co-polymer

additive;
10 d) a hydantoin derivative; and
e) water;

wherein the composition has pH between about 4 and
about 5, and a room temperature conductivity of less than
about 25 mS/cm, to form a Ag-based coating on the metal
15 surface which comprises at least about 90 atomic % Ag (bulk

average) .

108. A composition for Ag plating a Cu surface of a
printed wiring board substrate, the composition comprising:
a) a source of Ag ions;
b) an amino acid additive selected from the group
s consisting of chiral isomers of and racemic mixtures of
alanine;
c) an ethylene oxide/propylene oxide block co-polymer
additive;
d) a hydantoin derivative; and
10 e) water;
wherein the composition has pH between about 4 and
about 5, and a room temperature conductivity of less than

about 25 mS/cm.
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109. A printed wiring board having Cu interconnects
therein having a surface coating on the Cu interconnects

which comprises at least about 80 atomic % Ag (bulk

average) .

110. The printed wiring board of claim 109 wherein the

surface coating comprises at least about 90 atomic % Ag

(bulk average) .

111. The printed wiring board of claim 109 wherein the

o

surface coating comprises at least about 95 atomic % Ag

(bulk average) .



