1 SILVER PLATI NG I N ELECTRONI CS MANUFACTURE FI ELD OF
THE I NVENTION I n the production of a printed wiring
board (PWB), in a first (nmulti-step) stage a "bare
board" is prepared and in a second (nulti-step)

stage, various conponents ar e nount ed on the board.
The present invention relates to the final steps in

t he manufacture of the bare board, in which the bare
board is coated with a protective layer prior to
passing to the second production stage. BACKGROUND
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attachnment to the bare boards in the second stage
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BACKGROUND

There are currently two types of components for
attachment to the bare boards in the second 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 subsegquently 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 tc 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 nount conponents wl |

be attached in the subsequent conponent-attachnent
stage, are also electrically conducting. The

conductive areas of the circuit pattern, pads and

t hrough- hol es may be forned from any conducti ve

material or mxtures of different conductive

materials. They are generally however, forned from
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more than one way for preparing the bare boards, cne of the
most widely used processes for making the bare boards is
known as the "solder mask over bare copper" (SMOBC)
technique. Such a board generally comprises an epoxy-bonded
fiberglass layer clad on one 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 electrcless copper plating process which

deposits a copper layer on the entirety of the board: both



3 on the upper foil surfaces and on the through-hole
surfaces. The board material is then coated wwth a
light sensitive film (photo-resist), exposed to |ight
in preselected areas and chem cally devel oped to
renove the unexposed areas rgvealing the conductive
areas which are the plated through-holes and pads.
Generally, in the next step, the thickness of the
metal foil in the exposed areas is built up by a
further copper electroplating step. A protective
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tin-lead alloy is applied over the exposed and

SUriACkEned copper areas. The photo-resist is then

remayed peXRes fa® <18 1CARP e Uodt@Valcand it
exposed copper surface is etched away wusing a copper
seasdhiing dadposiplictr tredisdle E@assshdo ilnighthen
i_rcui attern finally reguir | e, next
orrg e R PBah. Pk i aef St R i e
unSixpee edo BReReN revalallli naptc Hee calridaniteidrd i adppst are
circuit traces, it is generalgébonly necessary tq coat

thenhelassdyéhrophabhodem R me Ikrerint e next
sttﬁ‘gr,o%gllé' h li%k{x%@% RAd 3L ARt ﬁi'ebqgloglpg tEI{)@FJé?%:toes?tﬁ ?aﬁéeas

sk is therefore appliedto't
isabead twher éyt ke fsoltdher cogateam @ liesstmatp rsdguig ext,ed .OrA

exanpl,e using a screen printing process or .
DTS- rag PR T Seh Ty RS PO /by i i il Bt ©in
orORtEhaNalldy a0Uldynd s Hﬁ@)l@é@%ﬁ@xcwre)?fosé&]%ﬂtmtﬁﬁckened

and pads is then cleaned and prepared for sol der

COopp&ti AF<a¥d the protective sol der coating subsequently
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for removal and the exposed copper surface is etched away
using a copper etching composition to leave the copper in
the circuit pattern finally required. In the next step, the
tin or tin-lead alloy resist is stripped away.

Since components will not be attached to the copper
circuit traces, it is generally only necessary to coat the
solder for attaching the components over the through-hole
and pad areas but not the traces. Solder mask is therefore
applied to the board to protect the areas where the solder
coating is not required, for example using a screen
printing process or photo-imaging technique fellowed by
development and, optiocmnally curing. The exposed copper at
the hcles 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



foll owed by hot air leveling (HAL) to forma
protective 4 solder coating on the areas of copper
not coated with solder mask. The sol der does not wet
the solder mask so that no coating is fornmed on top
of the solder nask protecteg areas. At this stage,
the board conprises at |east one insulating |ayer and
at | east one conductive |ayer. The conductive | ayer
or layers conprise a circuit trace. The board al so
conprises a pad or pads and/or through-hol e(s)
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for attachment of the components. In this second stage,
generally attachment of the components is achieved using
solder: firstly a layer of solder paste (comprising solder
and flux) is applied onto the boards, generally by printing
and the components are positioned on the printed boards.
The board is then heated in an oven to produce fusion of
the golder in the solder paste, which forms a contact
between the components and the board. This process is known
as reflow soldering. Alternatively a wave soldering process
is used in which the board is passed over a bath of molten
gsolder. In either case additional solder is used over and
above any protective solder coating.

The additional complications of attaching both legged
components and the surface mount devices and the special

requirements for mounting many small closely spaced



conmponents and the surface nount devices and the
special requirenents for nounting many snmall cl osely
spaced 5 conponents have resulted in increased
demands on the surface protection coating for the
conductive netal to which the conponents will be
attached on the PWBs. It is essential that the finish
appl i ed by the bare board nanufacturer does not | eave
a pad with an uneven surface as this increases the
risk of electrical failure. It is also essential that
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be applied at the end of the first stage to prevent the
formation of non-sclderable copper oxide on the copper
surfaces prior to the component attachment. This is
particularly important because, generally speaking, the
first stage and the second, component-attachment stage will
be carried out at completely different sites. There may
therefore be a considerable time delay between formation of
conducting pads and/or through-holes and the component-
attachment stage, during which time oxidation may occur.
Therefore, a protective coating is required which will
retain the solderability of conducting material and enable
a soldered joint to be made when the components are
attached to the bare boards.
The most common protection coating presently used is

tin/lead solder, generally applied using the "HASL" (hot

air solder leveling) process, an example of which is



The nbst common protection coating presently used is
tin/lead sol der, generally applied using the "HASL"
(hot air solder |eveling) process, an exanple of
which is 6 described in detail above. HASL processes
are limted because it is dgfficult to apply the
sol der evenly and the thickness distribution produced
by the use of HASL processes nmakes it difficult to
reliably attach the very small and cl osely spaced
conmponents now bei ng used. Several replacenent
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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
plating of the copper surfaces is carried out in which a
primer layer of nickel is applied onto the copper followed
by a layer of gold. This process is inconvenient because
there are many process steps and in addition, the use of
gold results in an expensive process.

Organic protection for the copper pads during storage
and assembly prior to soldering have also been effected

using flux lacquer. Its use is generally confined to



gold results in an expensive process. Organic

protection for the copper pads during storage and

assenbly prior to soldering have al so been effected

using flux lacquer. Its use is generally confined to 7

singl e-si ded boards (i.e. boards which have conductive

pads on only one side). The coating is generally

applied by dip, spray or roller coating.

Unfortunately, it is difficult to provide a

consi stent coating to the board surfaces so limted
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and_to its incqnsistent coating thickness, results. )
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scldering 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 successgsive soldering steps so that the high
temperatures reached in a first soldering step tend to
destroy the layer which cannot withstand a subsequent
soldering operation needed to mount further components. One

example of such a process is given in EP-A-0428383, where a

process is described for the surface treatment of copper or



tenperatures reached in a first soldering step tend to
destroy the | ayer which cannot w thstand a subsequent
sol dering operation needed to nount further
conponents. One exanple of such a process is given in
EP- A- 0428383, where a procegs is described for the
surface treatnent of copper or 8 copper alloys
conprising imrersing the surface of copper or copper
all oy in an agueous solution containing a
benzi m dazol e conpound havi ng an al kyl group of at
coppast al loyar kempaticimati e sArgpaid ayrfane af copper or
organi ¢_acid. Processes are also known which provide
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di sadvant ageous for use in the _electronics industry
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electroless plating solution containing am no acids
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attachment step, a poor electrical contact may be formed
between the bare board and the component. The cyanide-
based systems are disadvantagecus due to the toxicity of
the plating sclutions.

In U.5. 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 thicsulphate/sulphate will plate directly onto
copper because the copper rapidly dissolveg without
allowing a silver or gold coating to form. In the
introduction of the reference, "Metal Finishing Guidebook &

Directory" (1993 edition), silver plating solutions



based on thiosul phate/sul phate will plate directly
onto copper because the copper rapidly dissolves
without allowing a silver or gold coating to form 1In
the introduction of the reference, "Metal Finishing
CGui debook & Directory” (1993 edition), silver plating
solutions 9 <conprising silver nitrate, ammonia and a
reduci ng agent such as fornmal dehyde are mnenti oned.
U S. Pat. No. 4,863,766 al so discloses el ectrol ess
silver plating, using a cyani de-based plating
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ssev _descr ?9 |nner3|on Silvering of copper powder
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contactg to increase conductivity.

In JP-A-04-110474 a base material is plated with
gilver, dried and subsequently treated with a mercaptan
compound to prevent tarnish.

In DE-C-4316679 base metals such as copper are coated
with palladium in 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 inventoxrs there



bath may al so contain stabilizers for the bath itself,
whi ch stabilize the bath agai nst deconposition or
"plating- out". It is suggested that the copper
substrate should previously be etched using a
non-bright etch bath includipg persulphate. However,
such pretreatnent steps tend to produce relatively
porous coatings. The inventors there 10 minimze the
porosity of the coating by using the two-step process
in the first of which a very thin coating is forned.
milnisi zef ehenoeroai g afathst costiggsbyvesing the two-step
corrosipn protection due to nigratioghigt IS [egotted
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U.S. Pat. No. 6,395,329 disclcoses an immersion plating
process for plating silver onto copper which operates at a
preferred pH range of 4 to 7. U.S. Pat. No. 6,200,451 also

discloses an immersion sgilver plating process.

SUMMARY OF THE INVENTION

Briefly, therefore, 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 icns and water to thereby form a
Ag-based coating on the metal surface, wherein the ionic
content of the composition 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



Ag- based coating on the netal surface, wherein the
ionic content of the conposition is such that it has
a room tenperature conductivity bel ow about 25 nfS/cm
I n anot her aspect the invention is directed to a
process and conposition for Ag plating a netal surface
conpri sing contacting the netal surface with a
conposition ii conprising a source of Ag ions, an

al kyl ene pol yam ne pol yacetic acid conmpound, and

wat er, wherein the conposition has a pH between 1 and

coalpaiisidg 20 ddidceby f GignichsAg-drasdkdeatd rma]qrantjhaa
netal surface. The invention al so en%ﬁgpasse

PO&H&E%%%MIQ&%@Q‘%%n Bt WA S atd
coRpolde8 oFOMRY $ M HeRNIRR NG & dBRlRla SWd a9k Mbp form

a conposition conprising a source of Ag ions, an
a agi-hesadl d:qartmr!g tor tdfe Agtadepomifsasn which sl ows Ag

and water, to thereb form

d
oAbl ioenticy a4 et B PR H S cenent
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metal surface functions as a reducing agent for the
CORGaCEART [tieq Mafah slurfasec withe & RRERATT jo (Feiieing

a ts% uceh bt & ind C%‘H’%%dltdolon%glt‘i’i;] 6 i Q:tdan% tal

ace risi g contact e met al W th
de@o@uﬁp@mlwhamh.smqms:ﬂguﬁapaﬂmnmun(ﬁau&;|anﬂgw&ner, to

ehgnely) TPeiey Sobanrd Raite UR Hhn SEtAL fikadRe bY
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metal surface. Thé invention is also directed to a
ofptocesetaid sugdmsesifunet ifoms Ag @ atddwyimgragent for the
Ag urface conpri sing

In a further aspect the invention is directed to a
process and compcsition for Ag plating a metal surface
comprising contacting the metal surface with a composition
comprising a source of Ag ions, an aminc acid selected from
the group consisting of chiral isomers of and racemic
mixtures of alanine, and water, to thereby form a Ag-based
coating on the metal surface.

The invention is also 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, a hydantoin derivative, water, to
thereby form a Ag-based ccating on the metal surface.

Among other aspects are 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 ethylene oxide/propylene oxide block co-polymer



contacting the netal surface wth a conposition
conprising a source of Ag ions, a hydantoin
derivative, water, to thereby forma Ag-based coating
on the netal surface. Anbng ot her aspects are a
process and conposition for ;,Ag plating a netal
surface conprising contacting the nmetal surface with
a conposition conprising a source of Ag ions, an
et hyl ene oxi de/ propyl ene oxi de bl ock co-polyner 12
additive, and water, to thereby form a Ag-based
adddativeg amd tWataret alo sinefrads, fHren ien\BeHbaed scoating on
further directed to a process and conposition for Ag
Wﬁiﬁﬂ 'surface conprising contacting the

rret Q‘heSlihfxéffﬁl\Mnt R A RABIRY GG HS I N HrotSiITLa
of Ag ions, an alkaline earth/alkali netal-free

cogpPrdE ioh @%M@wlmm@mlymﬂaﬁ@aqmmd
al ter reb arm a sed coal
CO?FE aI G i thacgneta anotrier e‘{"slrt):ect t mg’or?venjt |1%n§?m§ ieing

a RoRgess offorAgAgonm atam G 1k QY rieli At Af L ka1 inkdted - free
Wi ring board substrate haV|n%{eIectr|caI i nt er connect
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supifatieng conp05|t|on into the electrical |nterconnect
recesses. The invention is also . directed to a
it R SHEEhET RARR GhY A CE thara R, he
pladihace ceoaiirFhcen otfh%t i inteRl 6ANed oMt hsubstrate
conprises at |east about 80 atomc %Ag. O her

hayingc ed eghd igege cd egfcammedtn vianssse snddmea 9 ing
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.

The invention is also directed to a printed wiring
bocard having Cu interconnects therein having a surface
coating on the Cu interconnects which comprigses at least
about 80 atomic % Ag.

Other objects and aspects of the invention will be in

part apparent and in part pecinted out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 are plots of coating thickness v.
coating time.

Figs. 3 and 4 are 2000X photomicrographs of Ag
coatings.

Figs. 5-8 are Ag coating tarnish test photographs.



part apparent and in part pointed out hereinafter.

BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1 and 2 are
pl ots of coating thickness v. <coating time. Figs. 3
and 4 are 2000X photom crographs of Ag coatings.
Figs. 5-8 are Ag coating tarpish test photographs. 13
Figs. 9 and 10 are Auger profiles. Fig. 11 is a plot
of solderability wetting balance data. Figs. 12 and
13 are box-whi sker plots of surface insulation

resi stance and el ectrom gration resistance. Figs.

14- 23 gar.e pheidymapire dugdy qoaifilgss. Figs. 24 and 25

are&plots of, solderabiljity wetting . bal ance, data._ Fiqg.

26 défi-ctld AF B &g FolsRidHabHNF L ing Palance

daplsot of Ag content of such solutions over tinme. Fig.
28 is a photograph of a PWB after a dry bake test.

Fi g§1920 azd 3@ dr3e sSEMighotwdni sy raphss off Aprface
its. Fig. 31 is a h of Auqger data. Fi

._depo [ rap .32
el gt o st skeBns A 6 I C TSR T R SN
contragfs .l asi-$1:ARGe FHctogrdths I HEL WU Sings .
photq%%%rographs of Ag dé%ogg%s. TAILEDISESCRIPTION
OF PREFERREDZIBAN MENT SIS iafy anldnraksl it ol g
bad GlsPlAagenent netal plating process in which a
relatively |less electropositive
Fig. 26 depicts Ag plating sclutions, and Fig. 27 is a

plot of Ag content of such sclutions over time.

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

Figs. 29 and 30 are SEM photeomicrographs 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.

DETATILED DESCRIPTION OF PREFERRED EMBODIMENTS

The invention is directed to a displacement metal
plating process in which a relatively less electropositive
base metal is plated with a relatively more electropositive
coating metal by contact with an agqueous plating
compesition containing ions of the more electropositive
metal and other additives as described herein so as to form

a coating of the more electropositive metal. Ions of the



base netal is plated with a relatively nore

el ectropositive coating netal by contact with an

aqueous plating conposition containing ions of the

nore el ectropositive netal and other additives as

described herein so as to fofym a coating of the nore

el ectropositive netal. lons of the 14 nore

el ectropositive netal oxidize the substrate netal. A

di spl acenent plating process differs froman

el ectrol ess process because the coating forns on the
moser edee tafoppaintiale ratad siplieraitdpd andnentatreasdtian. A

iduito the rel ative electrode otej%§§ls of the

GicERsne 10 RORESSH7 eLg, HROW AR hF EesS
prefedie HieResid itk 'C‘Hé%lrrf‘gslcﬁﬁtrﬁé’%ry th &Sl atd N metal

| ayer and conducting |ayéer of a PAB substrate to
bywai sineie idheaitdasmans am@qteldbrardeleas:o ddwr ik ive

R R VR KU TN o8 T

to especidterited Hifl nﬁd&mdiexyost:rﬂmggmdrm QSedp¥ctively.
plating are_ those areas of_ the PWB for which

sol déeaimslpting layermand gmqtdrngatltm % EWB
sUPRARGNLS, i ildhe tslfébi‘?m:horf'qges{ G & &R

conponent attachnent. A bri etch gﬂép IS optlonally
depenfitreme dbaviech Theqnmra)semnmn&mtuhag itrtee Jpettisnaanlddyorr  and

cotgﬁ,'ih‘;’;% Eﬁhgéséﬂ\ﬁwé?tgﬁ% bl‘l% etch c%oqsnlg v&;ch
re%%@btﬁ&%d@ceT%émﬁdﬂg éﬂH¥8ﬂ1tH%dﬁﬁHHhémgéfiék<§léﬁEhg are

conducting netal from which the pads nd/ or

thpﬁﬁo@gﬁ‘-aﬁol%fs tdhee BV et WMC&brﬂanﬂbetram&M}r gt be

t
malpF PR RS ARRhCIEE B R B S Wb luent
solkderimse s(tfeﬁél@cb:r icgitpegietit sattﬁmcfliniems the for nrat| on

of %_bright-etch step is optionally performed which
comprises contacting the pads and/or through-holesgs 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.

Suitable bright-etch compositions are generally
aqueous and may be based for example on one or mixtures of
more than one of hydrogen peroxide, sulphuric acid, nitric

acid, phosphoric acid or hydrochloric acid. The bright-etch



dense, nonporous netal coating, which is particularly

sui tabl e for a subsequent soldering step. Suitable

bri ght-etch conpositions are generally aqueous and

may be based for exanple on one or m xtures of nore

t han one of hydrogen peroxidg, sulphuric acid, nitric

aci d, phosphoric acid or hydrochloric acid. The

bright-etch 15 conpositions generally include at

| east one conponent which wll tend to nodify the

di ssol ution of copper in bright- etch conpositions.
cdipddiciilond yeiteafarlne d duli iy -2 cleasonposidompsnent which

one elects to use one, where the netal surface of the

widdddens/ e maskidug Htitol B ST i PR LT FRRFET ok pright-
Q\: o f 'XﬁﬁH! , gﬁqi . _
et%%?@ﬁ%“eﬁ%ﬁﬁ%ﬁﬂﬁz(:gﬁgé}\mt f%¥r ta iiizé% %Eklh%|%ﬁép
codpws i tilesdeddhnpos tdlactsf ty drismgemeperthae . tifhusstal
a etc onpos'tiorgi [ ro iﬂf a bright. cleaned
SUE TR & kD @A QPG (T BSOS 1P QR o i
orWial ledgpR bra1ahly ehed) RAMOsdIR, MyaReydy | mer si on,

spray, or other coating technique, for sufficient

periord delEwdphanid eIk witdhpersiahid ieefditte slaws ghawn
tﬁ%%rgﬁgﬁg%%?ﬂﬁkg%gg%f o]ggggggé%%#%§4%gSﬂ%ﬁ%b%%g?a J#é
ccimpiosdarifcac twhiidth priver e ght -teticdht caffpesidd auntdde beay be
ol S 300 he contact e will. be \179m S SSCOMS: en
coRRRial dredatly MM Gne AhHP! &b Yot YtH¥r coating
greater than'5 mnutes. Generally after the etching
t esthey quet, hdicy: WUAE i entpdsitme jarsk alt gp SOl ng
B L N A
coPldRidtigicS Bterial of the pads and/or through-holes.
Generally the temperature for contact with the bright-etch
composition will ke 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 preferably 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 aquecus rinse.

The plating process of the invention is an immersion
displacement process, in contrast to a true electroless
plating preocess. 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



Alternatively, an acid rinse step may be incl uded,
before the aqueous rinse. The plating process of the
invention is an imersion displacenent process, in
contrast to a true electroless plating process. In

i mrersion plating, also knowygas di spl acenent

plating, a nmetal on a surface is displaced by a netal
ion in an inmersion solution. The driving force is 16
a |l ower oxidation potential of the nmetal ion in the
solution. In imersion plating, the base netal on the
as Ubfvece oixidattiiams pas arivd alecifcitige agedl idre ireddte on
of Ag imersi.on plating.onto Cu is as follows: 2Aq. +
SefuEion, Adn. (ECES YGRSl A PAT e e OT the
stirfrhels e IRC WOItesS rddhaliimy dderdthat hd Wddieion of
reduci ng agent is not required. Another distinction
Ags e silen pretdingn ouitat iGvy itthas didtiansg st ops once

t he syrface Lsocovered,wtd th tal being
depo%#lgéd.glinjathi_s_?eg%\\rl}A itiTghgglfJirﬁting because

when pl ated netal covers all of the surface sites of
net al_ oxi di,zable by the plating netal, no further

r eac LIBR &A@ Berétisite themaftrediddsost (i solaftsroless
pg.%g 162N 5A% s L HEQIRSS RIRI MY 15 oL oAl Wdduired.

continues as long as there I's anpl e reducing
Aagshier Witstd ncsglom iien that time ipmefrsriced plladting the

onpositions of th rese i nvention t.al, at.onms_aqn
PRECLG PEOR 2P e B BCZAAES Of T8 il petaretal
beliah depoeited) the 0y ireiyar®D itthats e lfmylemifing

pl ated netal deposits on the pads and/or )
berpysghvhsneplatied pleddlngversosill @¢f priwdagretuites
of metal oxidizable by the plating metal, no further
reaction and therefore no further deposition occurs. In
contrast, electroless plating is auto-catalytic, and
continues as long as there is ample reducing agent in the
solution.

In the preferred plating compositions of the present

invention, metal atcms on the surface cf 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
through-heles. 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
scurce of silver ions, a tarnish inhibitor, and a

deposgition modulating agent. Additional optional



ions of a nmetal which is nore electropositive than the
conducting material. In this enbodi nent of the
invention, the netal deposited is silver. The plating
conposition of the invention conprises a source of
silver ions, a tarnish inhibjtor, and a deposition
nodul ati ng agent. Additional optional 17 conponents
include a grain refiner, a surfactant, and an acid.
As sources of silver ions, any water sol uble silver
salt may be used. Preferably silver nitrate is used.
cohlfpendrmss iarcd dde teheyydiat iref ooamposa tswnfaxttant, and an
centration of fromabout 0.01 to about 2 g/l
a‘?ﬁgsed on netal ions), preferably fromabout 0.1 to

abouys ]soﬁlrgzle!s dPsdi Rr&f ef U Y ady aBaboWe i d Osilver

about 0.8 g/l. The currently prefierred tarnish
salfhimsivt des @@i MW&M&OI%@V@SQJCH@'CL%/ 4 kygedy| The

benzi_m dazql.es i;n, which the . roup. h
LR BT RO R pette S0 o R B 5E o
frahoEbaAnd 0.0 Wic laddige a kyil O(bamm R pSiatE) |,
optionally substituted, for exanple 2-

PrEHegaseh AT FaM i Gz A, ahatlhterl tSarShf kh TR Eeferably
£13f addut! &d 3 Rt d)Podtals, d\'%{ /16, 395,329: (a) fatty acid
g a

am nes, preferably havini east 6 carbon atons,
rmstI‘l'm eﬁnzmit}l)atpl’ree%esdreﬁ) tarrbicsh aitrdnigo Hrwlrs are

ner. o meMe an arban .atons, . t hey, may. be
bedi B RRF C I Ay ey e T R X
wlﬁ@l’ﬁ@:fhe @1”@)@'9%&&5 HAeH Q‘Id"%'@él%brd'a?dﬂrﬂ@&preferably

quat ernary anmmoni um salts, quat er nary di anmoni um

nos gnesteat idan dtced?al‘dmi’t @trms anfhom whieh ttshe alkyl or
be?}z%xyr%ﬁﬁa% %@ %‘cpt%.%%aéﬂ]fesubstltuted, for example 2- (p-

chlorocbenzyl) benzimidazole. Other tarnish inhibitors are
listed in U.S8. Pat. No. 6,395,329:

(a) fatty acid amines, preferably having at least 6
carbon atoms, most preferably at least 10 carbon atoms and
generally no greater than 30 carbon atoms, they may be
primary, secondary, tertiary, diamines, amine salts,
amides, ethoxylated amines,ethoxylated diamines, gquaternary
ammonium salts, gquaternary diammonium salts, ethoxylated
guaternary ammonium 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.



oxi des. Exanples of the primary, secondary and
tertiary amne-type corrosion inhibitors are
ARMVEEN. TM to (. TM denotes tradenmark). Exanpl es of
t he subsequent am ne-type corrosion inhibitors are
respectively DUOVEEN], AR / DUOVAC, ARM DJ,
ETHOVEENJ, ETHODUONEENJ, ARQUADJ, DUOQUADJ,
ETHOQUADJ, ETHOM DJ, AROMOXJ, all supplied by Akzo
Chemie. 18 (b) purines and substituted purines. (c)
N-acyl derivatives of sarcosine, such as the SARKOSY
r ang@)ofpuyrriatkc tands uiba teick unye i goae Ged gy . (d) organic
pol ycar boxylic acids such as_Reocor 190 supplied Qg
G balCeitiEcYle)deiib&at R LT AT INR i FHGHi A t0
SRR LURNS @f;iréﬂc@%%{y@r Vit Sibidy 4 al kyl

am no or carbon cont ai ni groups. Exanpl €s’ 1 ncl ude
AM NELO ,ongagdiur grb lycaxtidrayr Gat (acids peedlalay Repcor 180

comhi nation . mith a N-acyl sarcosine of category (c).

s 'Iblaqﬁ%y orbrl%%ﬁl%'nzyl i m dazol es, e.g. undecyl
i M dagolubdt Whitedt tiei il Aoyl 1 108 OUP WS s lids 22 Carihonare
atons, preferably no greater than 11 carbon atons and

Eqm exgirdie thelzaiid GrsWenzyi et ABiRe opf | Greareyyl -

N E
RGN Srqull, IS Spdid Mt = Sibauced by
Ciflval -adlay  derdpeatiialdsy site heondsi riREQMET wibh saippl acell by

G ba- Gei Exanpl es are benzo triazole, tolyl
SNGOEA0I% HnFH98AT s udSti tuted triazole derivatives

havi 1y 8168f10} NHNRAr Kihie Bhiddz P Ofg. undecyl
imidazole in which the alkyl group has up to 22 carbon
atoms, preferably no greater than 11 carbon atoms and in
which the alkyl or benzyl groups are optionally
substituted.

(g) phosphate esters such as EKCOL PS-413, supplied by
Witco.

(h) optionally substituted triazole derivatives such
as REOMET 42, supplied by Ciba-Geigy. Examples are benzo
triazole, tolyl triazole and alkyl substituted triazole
derivatives having a carbon number on the alkyl group of
from 1 to 22, preferably from 1 to 10.

(i) substituted tetrazoles, such as
5(3{triflucromethyl phenyl)) tetrazole, is also a preferred

example,

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



froml to 22, preferably from1 to 10. (i) substituted
tetrazoles, such as 5(3(trifluoronethyl phenyl))
tetrazole, is also a preferred exanple. The tarnish
inhibitor is preferably water soluble so that the
solution is an aqueous sol utipn. However, water
i mm sci ble tarnish inhibitors nmay be used al t hough it
may 19 be necessary to include a surfactant/cosol vent
in the solution. This invention incorporates a
deposition nodul ating agent into the conposition in
bermisredsamedud atrec deposa t sunfacfanthécssdeent | inhbke

eﬁgrdiscovered that by regulating the deposition in
séiﬁ: Yhnce with the invention, coatings can be

obt afvad whidit 5 MedAsoriEes of 4568t 1ok havdushevhg

80 atom c % Ag, even greater than about 90 atomc %
agRyit gtk evidie greinediticm Wboerdes e onegudeing. deppsition
i S ri Vi O 1. 0gs ' .
o8 R VR S 40 P Wi S50 BASCM o L8u Pl e
tirddidposeist i M tho cderdghcdouitth tithe pavéheildbar coatings
theory, it is_thought that the is |l ess porous

Cath PeifttR irch W i c%o%:agﬁél'f nC?# oHr EREShatRan
abdio dhecaptd ng A, Nhi gAsh hof aussen thsoudepesitbpic %

process is |l ess aggressive. The nodul ated nature of
Agherdbmsn igreatiénvishan akoyr iteeatémia hoke. ofldes| ys in
manner, with, in theor each deposited silver, ato
SR i dh CHIRATIATE T9C W R ot GASERrS PR e sOtder of
70eRosy tAPADCHS | N, Pfogfaat @sddemivéd! | W thdut Sbeing
specul ated that the nodul ator conponent cyclically

boyubriss 2 g talbiskas Wl byl hwebk Flpeeht (tomk ctie
cégykﬁg”iéNfgéégporous and entrainment of organic compounds
from the bath into the coating is minimized because the
deposition process is less aggressive. The modulated
nature of the deposition allows it to proceed in a more
orderly manner, with, in theory, each deposited silver atom
having an opportunity to, within reason, find its
depeosition location of greatest equilibrium. It is
speculated that the modulator component cyclically desorbs
and absorbs on Cu by weak forces (icnic or van der Waal's).
This interferes with the Ag deposition, thereby modulating
it.

The component HEDTA (N- (2-hydroxyethyl)ethylenediamine
triacetic acid) has been discovered to function as a
modulator in the concentrations and at the operational pH
of the invention. It has been discovered that under the
parameters of the invention, the HEDTA does not function as

a chelator for Ag ions, nor does it function simply as an




This interferes wwth the Ag deposition, thereby
nmodul ating it. The conponent HEDTA
(N-(2- hydroxyet hyl ) et hyl enedi ami ne triacetic acid)
has been discovered to function as a nodulator in the
concentrations and at the opggational pH of the
invention. It has been discovered that under the
paraneters of the invention, the HEDTA does not
function as a chelator for Ag ions, nor does it
function sinply as an 20 acid to help keep Ag in
acsiol ute dmeld Heeemvismt imnsohwioleors Thae nfavenngohhénvolves
i mrer si on conposi tion, pH bel ow about 3, The initial pH
M3 EHRAND, C AR MICTSHR CRFPoE. bHoR | Y PBLaw pRput 5-

TiRetMeani y andl 2e 55@@@3§,aénéhftFggﬂfSC@ﬂPiﬁéeéoétin% to a
guantity of the Cu ions entering the solution fromthe
P Ubstwersre Lpurd 02 s phecansatapytivg HEDTAngompLexes a

rel.e d.-At. _this, pH the HEDT p c | C y
B SR TR L L A e e Al M A S
st tia d it @sder®bepl ddeméire 1Ay Agposi ions, atberebyased. At

nodul ating it. The HEDTA is in the glating
i 15 BEDTA PREFE P ab P oFY B LFRbHY aBBEPTR apg absorb

r ut. o [ s
oI 2 e oo bt B 5o SIPeEERe hen
tled KAG edep gl tyam netlpet glae etddu bzt dng onpountle SBEDTAs1s in

EDTA and DTPA are expected to have a simlar_.function
Ehg 51ﬁ?%%9eﬁﬂmER%%t+%£t%%tat%%?c%%tﬁ%?l?ﬁn% iBﬁOWnaEOUt 1
td heddut t3add i ONglhe SEASIS1 PSFPok NEbabersf o6 Aboubuds g/1,

function to conplex Cu and nodul ate Ag deposition. %s
mepts prefepibinef roEmROwr ot terakedul bt i a4l ageRthert

<1 R HSEANRE Bl Wge B BTG s RTA, o o
ametDIPS adte ixpayt @ tdichavpelud adimpl agefisction at
different pHs, in that they do not function in their
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,
in order to avoid further increasing the ionic content of
the composition.

An alternative process of the invention employs as a
modulating agent certain amino acids which are shown to act
as a suppressor and inhibitor of Ag deposition. In one
embodiment, thesge are compounds selected from among chiral
isomers cf and racemic mixtures of alanine. One preferred
example is DL-alanine, which is shown to operate with

desired suppression and inhibition at a higher pH, between



in order to avoid further increasing the ionic content
of the conposition. An alternative process of the
i nvention enploys as a nodul ati ng agent certain am no
acids which are shown to act as a suppressor and
i nhi bitor of Ag deposition. La one enbodinent, these
are conpounds sel ected from anong chiral isoners of
and racem ¢ m xtures of alanine. One preferred
exanpl e is DL-al anine, which is shown to operate with
desired suppression and inhibition at a higher pH
abetiveenaldd adbaut 54 The Phedlaninthecbulaltas mthe Ag
nodul at es the A epositi,Qn_a
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having from1 to 6 carbon atons, for exanple

cpaepRbpahobnand Pobysrhyl ene gl ycols, for exanpl e PEG
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may %n I nCorporate e conpositlon anount’s
cOmP@sti ©idfl0also comprises a grain reflner (or brlghtener).

Suitable examples of grain refiners include lower alcochols
such as those having from 1 to 6 carbon atoms, for example
isopropanocl 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/1. More preferably, if a grain refiner is included, it
will be at concentrations of from 0.05 to 100 g/1 and most
preferably from 0.1 to 10 g/l. Any nonaqueous 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
currently preferred grain refiner is 3,5 dinitrohydroxy
benzoic acid (3,5 dinitro salicylic acid). This grain
refiner is in the plating composition at a concentration of

at least about 80 ppm. In one preferred embodiment, it is



g/l. More preferably, if a grain refiner is included,
it will be at concentrations of fromO0.05 to 100 g/l
and nost preferably fromO0.1 to 10 g/l. Any
nonaqueous solvent should be present in anobunts bel ow
50% by wei ght of the conposbalon preferably bel ow
30% by wei ght or even below 10% or 5% by wei ght of
the plating conmposition. One currently preferred
grain refiner is 3,5 dinitrohydroxy benzoic acid (3,5
dinitro salicylic acid). This grain refiner is in the
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about _80 ppm In qQne preferred enbodi ment, it is
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benzimidazole. Another suitable grain refiner is

polvethyleneglycol.

The composition opticnally 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
hag about 30 PO units and about 40 EC units, such that the
unit ratio of PO:EQ0 (polyoxypropylene to polyoxyethylene)
is about 3:4, +/-10%. The weight ratio of PO:E0 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:EO0 is about 5:3, +/- 10%. The weight
ratio of PO:EO is about 7:3. A source of this compound is
BASF Ceorpeoration under the trade designation Pluronic P103.

The surfactant is in the plating composition at a



oxi de/ propyl ene oxi de bl ock co-polynmer. One such

conpound has about 30 PO units and about 40 EO units,

such that the wunit ratio of PO EO (pol yoxypropyl ene

to pol yoxyethylene) is about 3:4, +/-10% The wei ght

ratio of POEO is about 1: 13Asource of this

conpound i s BASF Corporation under the trade

desi gnation Pluronic P65. Another such conmpound has

about 50 PO units and about 30 EO units, such that the

unit ratio of POEO is about 5:3, +/- 10% The weight
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to enhance the in-service flexibility of
(trpdlecaisst)ti on. The acid may be in the plating

SO dl 6 SIS B ETLNRUL 005 P o
adi®, preferably nitric HNO;, to enhance the in-service
flexibility of the composition. The acid may be in the
plating composition at a concentration of from about 0.5 to
about 1 g/l, for example. The purpose cf the acid is to
impart a pH of about 2 at the initiation of the process,
and to assist in initiation of the process. An alternative
embodiment employs a small quantity (up to about 0.2 or 0.3
g/L) of copper nitrate Cu(NOs;); -2.5H;0 to assist in
initiating the process. A further alternative employs a
mixture of nitric acid and copper nitrate. Once the
process beging, 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



inmpart a pH of about 2 at the initiation of the
process, and to assist in initiation of the process.
An alternative enbodinent enploys a small quantity
(up to about 0.2 or 0.3 g/L) of copper nitrate
Cu(N®B)2 -2.5H20 to assist iy initiating the process.
A further alternative enploys a mxture of nitric
acid and copper nitrate. Once the process begins, Cu
ions which enter the systemfromthe substrate upon
di spl acenent by Ag are conplexed with HEDTA. The
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As demonstrated in the working Examples 12 and 16,
this invention achieves a substantially greater Ag content
in the deposit -- more than 80 atomic %, even more than 90
atomic%, and even more than 95 atomic % -- than the
approximately 70 to 75 atomic % Ag achieved by prior art
processes. To avoid interference from the surface and from
the Cu-Ag interface, the compositional Ag content is
preferably evaluated by 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

S0 atomic %; and greater than about 95 atomic %) and low



in the deposit -- nore than 80 atomc % even nore

than 90 atomc, and even nore than 95 atomc % --

than the approxinately 70 to 75 atom c % Ag achi eved

by prior art processes. To avoid interference from

the surface and from the Cu-Ag interface, the
conpositional Ag content is preferably eval uated by

XPS as a bul k average between the surface and the

begi nning of the Cu-Ag interface. The deposit of the
invention is therefore nmuch |Iower in organic content.
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deposit of the invention (less than 10 atom c; and
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Ipeefremead , eabddianwst 3R53s preltewwdhtuta &1l constant of K
= 1.0/cm. In one preferred embodiment it is below about 10
mS/cm. Another embodiment has a conductivity below about 5
mS/cm. One factor in achieving this is to avoid or at
least minimize employing Na or other alkali earth metal
salts as sources for additives. Ancother factor is that the
overall organic additive content (cumulative modulator,
suppresgsgor/ inhibitor, surfactant, and tarnish inhibitor)
is maintained at moderate to low levels.

In order to form the plating composition for use in
the processes of the present invention, preferably a
solution is firstly prepared comprising deionized water,
complexing agent as defined above, and any buffering agent,
optionally with the other opticmnal ingredients, and a salt

of the more electroposgitive metal is added as an agueous

solution to the other components which have been formed



nS/cm Anot her enbodi nent has a conductivity bel ow
about 5 nBS/cm One factor in achieving this is to
avoid or at least mnimze enploying Na or other
al kali earth netal salts as sources for additives.
Anot her factor is that the gyerall organic additive
content (cunul ative nodul ator, suppressor/ inhibitor,
surfactant, and tarnish inhibitor) is maintained at
noderate to low levels. In order to formthe plating
conposition for use in the processes of the present
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tenperature of contact with the plating solution wll
sParfieamwblk dg st ifsttastal Ty mesi uguably 6brgn 40 to
sfntact can be by any method, usually dip, or

Contact can be by any method, usually dip, or
horizontal immersion ccating. Such contact may be part of
a substantially continuous coating process. The contact
time of the plating solution with the metal surface is
sufficient to form plated metal surfaces over the metal.
Generally the contact time will be from 10 seconds to 10
minutes. A contact time of lesg than 10 seconds has
generally been found to give insufficient coverage with
silver coating and although the contact time may be longer
than 10 minutes, no additional benefit has been found from

a contact time of longer than 10 minutes.

In one alternative coating method within the scope of
the invention, the PWB substrate is moved horizontally by

rollers or other transport mechanism, and the coating



hori zontal i mrersion coating. Such contact may be part
of a substantially continuous coating process. The
contact time of the plating solution with the netal
surface is sufficient to formplated netal surfaces
over the metal. Cenerally t contact tinme wll be
from 10 seconds to 10 mnutes. A contact tine of |ess
than 10 seconds has generally been found to give
insufficient coverage wwth silver coating and
al t hough the contact tine may be | onger than 10
saliututces,incs@mckdrdd arstio Hestdd isidm dfethd oo frare . a
contact time of longer than 1 tes I n one
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nto t ectri erconne rece’sses
asedanyiing teenactigleg itdee composition into the electrical

interconnect recesses by, for example, contacting the
surface with a brush to brush the Ag plating into

electrical interconnect recesgses.

After contact of the bare board with the solution, the
board is rinsed with DI water and dried. Drying may be by
any means, but is generally using warm air, for example
treated metal may be passed through a drying oven.

The coating obtained using the method cof the present
invention produces a surface which is considerably more
uniform and even than that obtained in the conventional
HASL processes. Furthermore, the process of this invention
is less expensive and simpler than use of the nickel/gold

process.



surface with a brush to brush the Ag plating into

el ectrical interconnect recesses. After contact of the
bare board with the solution, the board is rinsed
with DI water and dried. Drying nmay be by any neans,
but is generally using warmajg, for exanple treated
nmetal nmay be passed through a drying oven. The coating
obt ai ned using the nmethod of the present invention
produces a surface which is considerably nore wuniform
and even than that obtained in the conventional HASL
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that additional protection is provided between the
ipEica ear diamhget tinund ttayoraitide mensiderable advantages

i¢0 [H}%%@ltth{gt Q:caty}ﬁ@h J.Sf{ga $ha %&{jﬁzj M Ad thurﬁfdJ{ ’t%}" r@e dstance
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
with a process of the invention, emploving a plating
composition with the following components:

AgNO3 0.79 g/L

HEDTA 10 g/L

benzimidazole 1 g/L



be enhanced. The invention is further illustrated by
the following exanples: EXAMPLE 1 Lam nated Cu panel s
(3 cmx 5 cn) were prepared by cleaning, etching, and
pre-di p per manufacturers' recomended procedures.
Panels were plated in accorq?nce with a process of
the invention, enploying a plating conposition with
the foll owi ng components: AgNO3 0.79 g/L HEDTA 10 g/L
benzi m dazole 1 g/L 29 3,5 dinitrohydroxy benzoic
acid 0 g/L non-ionic surfactant EQ PO bl ock

CO- polby pemh it rghlydrjastywet hyl enegl ycol 0 g/L  HNG3 0. 98
g/L_ D. 1. water, bal ance The qgperati ng pH began at
aboEan°1Eb@Fﬁﬁbnal panel s &/pl ated with Ag by a

progess 19t o afuAdaedaeenti on enpl oying a commercially
avai |l abl e plating conposition. The operating pH began

at E@YPO bdeck ctopsdomesass 1t 'Ivari ous hydrodynami ¢
conditions from production lines, plating was
conducted at three agitation conditions: stagnant,

m | dcagietalile@mhegaRddlegul ar a)gig/ati on (estinmated

i near speeds of 0, 1.6, and 3.2 ry respectively).
SanpM&s were plated for diff&-&% 9dngths of

D.I. water balance
The operating pH began at about 2.

Additional panels were plated with Ag by a process not
of the invention employing a commercially available plating
composition. The operating pH began at less than 1.

To encompass 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 9200 X-ray Fluorescence System from Oxford
Instruments, with the results presented in Fig. 1 (process
of the invention) and Fig. 2 (process not cof 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



time to generate a wide range of silver thickness.
Panels of |am nated copper (3 cmx 5 cn) were pl ated
to determ ned silver thickness, coating uniformty,
and tarnish resistance. The silver coating thickness
was measured by using a CM,,900 X-ray Fluorescence
Systemfrom Oxford Instrunents, with the results
presented in Fig. 1 (process of the invention) and
Fig. 2 (process not of the invention). Figures 1 and
2 show the Ag coating thickness as a function of
thilckinerg tintredydadiiraiddy coitdi thions . unddérled giveen
pl ating condjtions enployed, the process not of the
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consistent with a conclusion that the reaction is

Tre@SHICH | &d Dy meeueindiaf A%d@n%n, e.g., reduction
of Ag ions. EXAMPLE 2 The panels of Exanple 1 were
exam ned under scanning electron m croscope (SEM and
phot om crographs were taken. Figure 3 (3A 3B, 30
shows Ag coatings not of _the _invention taken at 2000
X magni fication of panel@XAwgﬁgegentlng the foll ow ng
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mns.; Stagnant Fig. 3B 13 gin thick; 1.5 mnx,
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Figure 3 (3A, 3B, 3C) shows Ag coatings not of the
invention taken at 2000 X magnification of panels
representing the following three data points of Fig. 1:

Fig. 3A: 3 wuin thick; 3 mins.; stagnant

Fig. 3B: 13 uin thick; 1.5 mins.; agitation

Fig. 3C: 21 uin 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 uin 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.



Figure 4 (4A, 4B, 4C) shows Ag coatings of the

i nvention taken at 2000 X magnification of panels
representing the following three data points of Fig.
2: Fig. 4A 4 in thick; 6 mns.; stagnant Fig. 4B: 6
gin thick; 2 mins.; mld agitgtion Fig. 4C 8 gin
thick; 2 mna.; agitation These figures show that the
coati ng norphol ogy remai ns unchanged as the thickness
i ncreases and conditions otherw se change for both
processes. The Ag fromthe process of the invention
(Fig. 4) appears to have a finer grain structure,

whi ch was confirmed by X-ray diffraction. 31 EXAMPLE
3 Tarnish resistance was evaltdted by vi sual

| NSPaGLARh Al tRRQS Wk tRrLHdd M 8D Grdketion
85% RH (relative humdity) for 24 hours. Figure 5 .
adfeWs eAPoSHIE vgs wnditdonsnwdntdo i and &i% gihelmelative
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3 mns.; agitation Figure 6 shows Ag coatings not of
CPREitdPESti on representing the fol l owi ng conditions:

it s Mot G e ats Bh o TR o i ck;
3 m Adg,. &Fi:t & ivdm Thdsk ;plRotmisisshowmitlithtag e tAgpn
o 8, B e LT A I
Ag coauRre isS SOk %!gi @&Idtﬁngs not of the invention
representing the following conditions:

Fig. 6A: 3 uin thick; 3 mins.; stagnant

Fig. 6B: 6 uin thick; 3 mins.; mild agitation

Fig. 6C: 21 uin thick; 3 mins.; agitation

These photos show that the Ag coating is heavily
tarnished at thicknesses cf 3 and 6 uin 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 gulfide
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
gulfide) was added to 100 ml deionized water in a 2-liter

clean desiccator and the solution was gently agitated to




tarnished for all thicknesses 4, 5 and 12 in applied
by the process of the invention. EXAMPLE 4 Tarni sh
resi stance was eval uated by a hydrogen sul fide test
specially designed to reveal porosity by nodifying the
Western Electric corrosion tgst (Mnufacturing
Standard 17000, Section 1310, Issue 1, June 1982). In
this work, 1 m of ammonium sul fide (reagent grade 20
wt % ammoni um  sul fide) was added to 100 ml dei oni zed
water in a 2-liter clean desiccator and the sol ution
hawas agemtilfypragintiattecret.0 Ihe hwamplesuwdmr mldogdiran ahe

npl es r | aced on a _hol der,.and then put, on a
holfighn &Rt hEIEell @ SRR CEId GhY P kR gubporter
1rPROVR iR ABIO RIS WHe GmiR] il Fuiti At folton t 24 C

C). The desiccator was capped for 2 mnutes. After

(#/'he 4t €3t., (e Seniloss e sasemammed rfom thanidutieat difter

for i syal_ an i Cf opi.cal examd natiqn. Figu 7
e et e e STBA T I BT D i G for
viktplesewd migrdgcepdidalgexeimita jowenti on  deposited
under, the foll owi ng_process conditions: Fig. 7A; 4 gin
t hi ERIUE i nShows %ﬁ\%rﬁesﬁ @?anﬁés B EYeR His hyAnggd .

sulieli A QllRt b r et iy al? Ht Lo FHE NShvention
agitation Figure 8 shows conparative Ag coatings not
depbstited mveer dihe rfeprlesemy pgadess aldnglitiigons :

condj.tions: Fig., 8A: .3,gin thick; 3 mns.: stagnant
o i T g i GRLEHTS B o SRS F g, BC
21 giig.t pckis 3iM Rhickadizt atiirgn ;TheSe shpw ddiddn t he
degree of tarnishing decreases as
Fig. 7C: 12 uin thick; 3 mins.; agitation
Figure 8 shows comparative Ag coatings not of the invention
representing the following conditions:
Fig. 8A: 3 uin thick; 3 mins.; stagnant
Fig. 8B: 6 uin thick; 1.5 mins.; agitation

Fig. 8C: 21 uin thick; 3 mins.; agitation

These show that the degree of tarnishing decreases asg
the Ag thickness increases, and the Ag coatings of the
invention outperform those from the comparative process of
comparable thickness. The areas with scratches are more

prone to tarnishing for both processes.

EXAMPLE 5
For surface analysisg, Auger electron measurements were
carried out with a Physical Electronicg Model 600 Scanning
Auger Microprobe, which was equipped with a LaBé filament

and a single pass cylinder mirror analyzer (CMA). The beam



the Ag thickness increases, and the Ag coatings of the

i nvention outperformthose fromthe conparative

process of conparable thickness. The areas with

scratches are nore prone to tarnishing for both

processes. EXAMPLE 5 For surface analysis, Auger

el ectron nmeasurenents were <carried out Mﬁth a

Physi cal El ectronics Mddel 600 Scanning Auger

M croprobe, which was equi pped with a LaB6 fil anment

and a single pass cylinder mrror analyzer (CVA). The
erlzegy E&e&n‘ﬁsgya Usad ares thekéancsize weansoze vRsum at

about -5 gmat the |argest objective erture used in

thend aggsat r?éﬁ'teé:tl'i"ﬁe ARSI S P fSpL SBRRT WD §r The
sap R ldepiRald aodt AR falecet Rt £NEf 9Ye g 00 €Vat an

The systemwas al so equipped wth a differentially
e Lsgripsch |eme:@m cfford Gthee\sanilte &}rsia&m rparall sieprduipped

rof|I The s erln s about. 5.4
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silver d%205|ted by the conparative process. The up

was GPqus { Ke Amyitigh, (g7l iRARtad VY astingha i Sy ftlﬁé‘ ﬁ?@’l Si.
de [ t |
thg te9(s)tsgho |%eo%&e2&r]%et&% té%—f?&% |irfé3lsn tor
tmmlm&pdmmmma szcmpee:'aarhwe tgrdgeds. artEheCu.lpper
and a ve 1 t ure 10, sho t he
PlRIgeE datan TR o ha , GRee SIS i e e
dpHEi¢ddy tepest. 4 ?ln t h@rh%”sfé&ﬁ'tdt pieste ?éecaﬂ&%“aﬁ%r the
atomc % Cu, 34%0, and 2- 3% Ag. The relative anmounts

HoBf t@ataﬁad01§ug§e§het Rat depoppéedekostl 3agiiou2@rodatie
o 255 P 1 AR A O LA U o vesy
small amount of Ag. Figure 10 shows the Auger depth
profile of the 3.4 uin sample after the humidity test. ©On
the surface, there are about 63 atomic % Cu, 34% O, and 2-
3% Ag. The relative amounts of Cu and 0O suggest that
copper exist as Cuy0 on the surface. The profile also shows
inter-diffusion between Cu and Ag. Because of the low
golubility of Cu in Ag, the diffusion of Cu is unlikely
through the bulk of Ag grains, but wvia the grain boundaries
and/or the pores 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 peores 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 alsc on the

porosity and structure of the Ag deposit.



solubility of Cuin Ag, the diffusion of Cuis
unl i kely through the bulk of Ag grains, but via the
grai n boundaries and/or the pores in the Ag. Wen a
PWB i s exposed to an atnosphere that is corrosive to
both Cu substrate and Ag deposit, the atnosphere
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 struct BRRMPLEt Be Ag deposit. 34
EXANMP 6 Sol.derability was evaluated by a ttin
bal etré‘ﬁl.llt@’odﬁcﬁwse‘ﬁ]é’caéc?cﬁ/ihﬁh w’%%tws e frest.
Coﬁ&&%‘i‘é@%@ Iy Aged) aixfnid B fHv2AohMiEally

efore"the wetting balance test. Sone coupons were
ageceatte @ Swit/h A3 RiD fidw &4 didww hfoinrs the orettivingigbalance

test. _The refl ow was conducted,in air usi ng a BTU
el ¢ SR e e e ot v et e o
cya 1By praer emped Weastdr oftHee ,rdflow widomiddzed. in air

The.metti%&‘balance test was conducted per |PC/ EIA
byjusing GoBN LIRS stebidat iorpi IR/ fiawhed reprotefidmn: reflow

%%gtgag”iﬁ- tSrd | ds.y IPORA _ 262 .
ov?— S 3, béefg}%r% p%&&%d%%%sﬁglg% o'bé(:))t i ¢ ®ocess
ThSy stedrs ndu tharimred \Wetdt nps Badrahoe: ek giear I#Q MBI 7 -68ID-
(al cohol based, é 2% salid, no-c¢clea %%é] ux _and %giP ,
CCBSRERT 10 der - I Pty e D SE T e S Tty
Te@ft NifRY AT ik IHS-JAePATd A Iy apEOrERIIce MakRdRe
invention in the thickness range of 2.8 to 12.3 gin
208Bddipve drsfimemay Rohwisic dxmcas sh@wsdrena ifompnated Wetting
ri i_n_Tabl resul ts - i %#y e .
Bag%%t%%g ea:P W']Tacl%mees ItJSo 6-29;%0 @aﬁ'ocfa oC]y.ﬂWa( ocf’, i% solid,
no-clean) fiux and SnPb (63%Sn} solder.

The results of wetting balance tests of nine Ag
coatings deposited in accordance with the invention in the
thickness range of 2.8 to 12.3 uin produced from various
operating conditions are summarized in Table 1. The results
include the parameters of "time to zero buoyancy" (To),
"wetting force at two seconds from start of test" (F.),
"wetting force at five seconds from start of test" (Fs),

"maximum wetting force" (Fnax), and "time to 2/3 of the

maximum wetting force" (Ti/3max) -
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After being conditioned in 85 C/85% RH for 24 hours, all
nine coatings, regardless of the thickness and plating
conditions, remain tarnish-free and demonstrate excellent
solderability, i.e., Ty <« 1 second, and F; > 200 uN/mm. The
sélderability is relatively independent of the thickness and
the plating conditions over the range studied. Wetting occurs
instantaneously (T; = 0) for thinner coatings, but takes about
0.5 gecond for thicker cocatings.

The "5X" results in Table 1 show that after five reflow
tibeatments, except for one sample plated for one minute with
regular agitation, the eight other samples still demonstrate
good solderability, Ty < 1. The effect of multiple Pb-free
reflow thermal exXcursions is exemplified in Figure 11. In
general, as the number of reflows increases, Ty, gradually
iMcreases and the wetting forces (F;, Fs and Fpax) slightly
decrease. The good golderability exhibited by the samples of
2.8 and 3.8 pin Ag indicates preservation cf soclderability

even at low thicknesases.

20 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
e@bectromigration of a thick Ag finish, three thicknesses cof 6,
12, and 20 pin (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
SDR test. At the end of the SIR test, a 10-volt bias was
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E ao 36 After being conditioned in 85 C/85%RH for 24
hours, all nine coatings, regardless of the thickness
and plati ng conditions, remain tarnish-free and
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insulation resistance measured after 96-hour exposure to
85_C/85%RH. For the three silver thicknesses (6, 12 and 20
uin) tesgted, the individual resistance is in the range of 4 x
10° to 2 x 10'° ohms (4-20 Gohms), independent of the Ag
thickness, and comparable tc that of the bare Cu. These
results show that the coatings in accordance with the
iMvention are ionically clean.

Figure 13 shows the box-whisker plots of electromigration
resistance after 500-hour exposure to 85 C/B5%RE under a 10-
volt bias. The resistance measured on the three Ag
thicknesses is about 10 Gohms (1010 ohms), greater than the
vdlues measured at the beginning of the test as shown in
Figure 12. No evidence of electromigration (or whisker) was
found upon examination of the samples, as shown in Fig. 14

(14A, 14B, 14C).

20 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
ASmposition as in Example 1, with the addition of 150 ppm 3,5
dinitrohydrcxy benzoic acid.

Photomicrographs (Figs. 15-23) illustrate uniform Ag

coverage of the pads and vias.



i nstantaneously (To = 0) for thinner coatings, but
takes about 0.5 second for thicker coatings. The "5X"
results in Table 1 show that after five reflow

tweat ments, except for one sanple plated for one
mnute with regular agitati aa, the eight other
sanples still denonstrate good solderability, To < 1.
The effect of nmultiple Pb-free reflow thernal
excursions is exenplified in Fi gure 11. In general,
as the nunber of ref |owsg sgs, To gradual |y

i ncreases and the wetti ng rces (F2 F5 and Fi nax)
sI [ gis‘bll;iierd]atlEaseuasﬂeeraguadedolbydet aEttiing eahabcée edest .

nd.3. 8, g . ndicat ,
élrsvg?ngﬁg ‘fl%}&p@er fﬂllf"rOl n/_}atas.l 3 g:xg%ple 1 with
ttlrfe edon@ssesloﬁOoiEMpEdBSwefacmvnrmﬂnwmtamly aged at B85

istance ( and .electr ti re
oG Tk dlminks viieaten el Cheba Ty, YlBeanthse o (some
ddﬁl@dnaveatéotlr@@tém @c&nnbeta ik Nk Fliowl REc2bsBpedsd to the
attern g 25-i nch space).. To accentuate the
B el e RS2 ot G BOSE B o i (Y SBIRG f1 RTULTRS
ddra@athbsk RS sEscd c@nve&;oﬂnﬁeﬁbvgldve&lammaa upiedfree
on the large | and area of the conb) were tested

CEMBISFR tHES sBF @Rkl s {(-Four Temx gaa%f: -t hehet Wie et igh s pnce

HRILE whaak ebnfgtt @R Glermaioeyeah Yestetho3eee@dpans. 3 Wer Foint
exposed to 85 C/85%_RH wi thout bias for 96 hours_for

TistaprotaRdardy SHEERRLOE LY NS R foFs £X 17t 8- Borqds.
THEEMas-37n- 6P | edr@ar908oboursy fyidghe RObOth Process

el ectrom gr ation test. The_ resistance was neasu

REErsaAubougbed RtddnorPglrece STetHe iR (KWB- BBQOM%%rSLS
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96- hour exposure t'o 85 C/85%RH. For the three silver

EH%Crnesseder 6(T 12 %37d C20 as well as SAC (Sn-Ag-Cu) 305
solders (T = 260 C}.

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 sclder is
eRemplified in Figure 25. Solderability is excellent in both
golders, with instantaneous wetting and high wetting force.
The silver is resistant tc conditioning and shows little
change in solderability. The good solderability exhibited by
the samples indicates preservation of sclderability.

25

EXAMPLE 10
To determine the stability of the compositions of the
invention, twc baths were prepared in 100 ml volumetric
flasks. One with no added Cu (i.e., virgin), and a second
wdth 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



gin) tested, the individual resistance is in the range
of 4 x 109 to 2 x 1010 ohns (4-20 Gohns), independent
of the Ag thickness, and conparable to that of the
bare Cu. These results show that the coatings in
accordance with the inventign are ionically clean.

Fi gure 13 shows the box-whisker plots of

el ectrom gration resistance after 500-hour exposure
to 85 C/ 85%H under a 10- volt bias. The resistance

neasur 0 he.three. Ag . thi S ' o)
neERTEeE R G B ISty Pl URn B Bk B Reray
Tht pive:depgiphsi g Pigt hzx t @stftagphehognapin - Riigigrie ;121ight

evi dence of electrom gration (or whisker, S
BEBETRr b ASERY nERken Bo G Deaher Ll Hod BRzal the
b&ths AdhainbdAstiBBe, 1l44)thed® EXAVMRbEpBedipvitataion of

substrates wth_various configuration s. .and
SEPRE (B e PY GOMT s BIPRP el b i oy Pt rate
thatefisd Oy ponteas démdheed ntabilieoini Byth Waths, with no
agitation, and |jmersion far thr jnutes in
lﬁ?%ﬂ? dﬁbafﬁeafthﬁe7é Pﬁﬁﬁﬂﬁpos&ﬁFg%g éh? E%gﬁBFe
idventidh e raddirti om&in HHpMe8, &n dbérddioly demsgrature

benzoi ¢ acid. Photom crographs (Figs. 15-23)
oF13%Utrate uniform Ag coverage of the pads and vi as.

188 EXAMPLE 9 Sol derability was evaluated by a wetting

bal ance test. Coupons plated with Ag (17 m croi nches)
as in Exanple 1 with thER¥fodi%tion of Exanple 8

Ver er&ipy Weeerbahhyrdgad dHet@3mild SRYREL Yt a2teholl She
before the wetting bal ance test. Sone coupons were

Agrderett twiath the £BVeRkiqefich g RdFREERT 3 tH sapdoration
upon dry baking. PWB coupons plated with the composition of
tlie invention were oven-baked at 160 C for 2 hours. The
photograph in Fig. 28 shows that there was no change in

appearance of the PWB after the dry bake.

EXAMPLE 12
20 The compositions were analyzed to determine bath efficacy
over 18 metal turn overs, l.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-ravy photoelectron spectroscopy), and porosity was evaluated
by H;8 analysis. The SEM photomicrographs of Fig. 29 (294,
29B, 25C) show that over continual replenishment, the Ag
deposit appears to become coarser, but remains of high
integrity. The optical photomicrographs of Fig. 30 (304, 30B,
30C) show that over continual replenishment, there is no

significant increase in porosity upon H;S testing. XPS



test. The reflow was conducted in air by using a BTU
TRS conbination | R/forced convection reflow oven with
a Pb-free tenperature profile, i.e., Tpeak = 262 C
The wetting bal ance test was conducted per |PC El A
J- STD- 003A section 4.3.1 [Joant |ndustry Standard:

Sol derability Tests for Printed Boards, |PC EIA

J- STD- 003A, February 20031 by using a Robotic Process
Systens Automated Wetting Bal ance Tester (KWB-1000)

wiih SLS 65 ( ho e 2% sol | nNQ- a
2Pl o it el B0 RS wiol R BE LI ChBRBh ¢ acs
ASAC (?Srauagccu)anaos 2satdlars (A"fterzase Iy, Tiie efdagéngoivas
ti be Iow cursions...on _Sn
9?]0% ol‘-’é"?é [ exe F'It é Ee 2§ ﬁ}éeer}f tel}:tlso ggreby
damd:mslm}ae:a%tfor Be l:elﬁahlm]he tdferprraalceesd:ngsia BI5 1N PEBGper
ol der lifjed.n. Fi ure Sol derabi | ity
g&%"é‘l Iaetnt i nmﬁggﬂn P ferEn %%s?‘én‘f ANESTS W chﬁgPWB
afd dahi geumpiciongof one edragl Raits lolfveblusmsxes(as]tmgho in
dltlonll’é?fand shows little cha
|

PEGRIT LA (79 THE GOORPS GIUBFRBEITES) exhibi ted by

the sanples indicates preservation of solderability.
25 EXAMPLE 10 To determ ne. the stability of the
conpositions of the i nvEfRYRE %o bat hs were

Ipr epaned; ighot@@18tt ¥oh WRidtrescbb@s kaps Onasiidnplaged to
added, Cu (i.e., virgin), and a second ,"Mth 0,75 g/l

Ag AR ¥ cﬁern CgPFf‘Eﬂl%t%Ibr‘P‘gaéi@&’PSl?ﬁ Batdreorgange with

theaifertli 20 ik EBhpdrdans dol42 chingrcTAEL At wAN SNk
was 39 neasured by ICP (inductively coup ed pl asna)

PERRRTT Gttt CPmPOThEL Phot 1j gorpyding {9 dffe invention
wPEOUQI  BRfb o £l EnPioyd o%h\?b@%%ﬂ widged)s LRkeRg, at
r evea

after  thé heating perio
43 C, and no agltatlon, to produce a 6.5 microinch thick

deposit in three minutes demonstrated a coating with 893 at%
Ag, 5.9 at% C, and 1.1 at% O. Sample 2 according to the
invention with Ag deposited employing a composgition with 650
ppm Ag, at 54 C, and agitation, to produce a 14.5 microinch
tMick deposit demonstrated a coating with >97.5 at% Ag, <1.5
at% C, and <1 at% O (0 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% ©O. This demonstrates that the process
@id 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.

30



bat hs renai ned stable, as there was no precipitation
or separation. The Ag conposition plots in Fig. 27
illustrate that the Ag content remained stable in
both baths, with no 1|oss of Ag, over the 7-day
period. The Ag baths of the 4invention therefore
remain stable at an operating tenperature of 50 C. 10
EXAMPLE 11 Tests were conducted to determ ne the

resi stance of the Ag deposit of the invention to
tarni shment and di scol orathpp, -uppn dry baking. PVWB
coupons plated with the conposition of tike invention
wer eThw eroriadeed rekid68n6e fof Ay hoatsngdhéepqiotestyriaph

[ Fi.g. 28 . that t h [ .
ABBEATARE I LR PAECAFTE! 0 LS TRARES BLARIEE,
a2foflEng P IETM @ES7wWer e akalaw ed ateddehephe neitiatah coating

ffi . ) 18 netal t L.e. ft .
oBL et B Bhedy b0 el "t o6l mtingn
mi EFBSnciBAB WitikkorssWebRd Pt Bdredl feanbiuntas | yt tdw @y@ss18n
metal turp overs %g gé%%%tthe deposi t re exam ned
e

YBY© SERF (¥t anfiry@ G 9¢E0 B&‘?)”‘gﬁﬁggﬁﬂ%in%ar R

UM‘DOF qelhafa‘ixstz)feos_ﬂ@ﬁt E@.&E@ﬁ}/) ,Thh'ﬁld:omaeﬁiwswﬁ@de on a Cu
eval uat e H2S anal ysis. The SEM phot om crographs
SBReEF g?dlzﬁ“e(%Af 3o8m) Z%t%&&tf‘hﬁtletf%r coift %%%Ie was 20
tibepb engsdwEent Fighe340i1 teposidesARPeabont cHeEdi®tance of
coarser, but_ remains of integrity. The optica

hi gh
MBRBY AT Gy rTSHs 28f CRPES o thspAs-BAACEd 33yl w100 +/-

1t Batopver GaRf. BYaknbep! €M shinbrivBeagst Sikikion of
significant increase in porosity upon H2S testing. XPS
froduerer i o llapeares thateifacsy of. soMiE 1o ot icrgtact

V8PP & Al Whese results show that the contact resistance of
tlie Ag deposit is very low (Ravyg < 5 mohm at 100 g force), and

remains low after conditioning for 24 hrs at 85 C/85% RH.

EXAMPLE 15

Solvent extract conductivity testing was performed to
dstermine the bulk ionic cleanliness of PWBs receiving the Ag
coating of the invention. The samples tested were bare Cu
PWBs, PWBs coated vertically using the bath of the invention,
and PWBs coated horizontally using the bath of the invention.
The testing protocol employed an Alpha 600-SMD Omega Meter, a
@5lution 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
30 Bare PWB 2 0.08

Ag Vertical 1 0.16




Ag, 3.2 at% C, and 3.2 at% 0. After 18 MIO the
coating was 91.8 at% Ag, 2.3 at% C, and 5.9 at% 0.
The bath is thereby denonstrated to be capabl e of
processing 28.7 n2 PAB per liter, at 0.2 mcron Ag
t hi ckness, 15% Cu coverage o#2 the PWB, and an
assunption of no drag out of solution (although in
production, drag out cannot be prevented). EXAMPLE 13
10 X-ray photoel ectron spectroscopy (XPS) was enpl oyed
to get\pr@ ne.car bﬁ n, gcont ent in Ag deposited in
accditande Witth € Tnvention in conparison to a
comm_:; (‘Hcﬂdllzy avai labd® process and conposition.
;Lg/x-&a accordi ng ? the invention wth Ag deposited
en‘pl % c6mposftTBn with 375 ppm Ag, at 415 C,
and The=sgirdeaiilen, show ptladiiahea Aq. Eepa'nsit&i madett hihek

e it in ree m nutes_ dengnstrate ng with
SRS ooy "B G Eo TR e S TLLTRESEB g 250
mﬁ@ﬁ(legﬁmygrfp &hmaam\e@mhwamﬁn%g%yAguedazﬂ&lehfdgztxéact |

e oyi ng a conpositi Wi t m a
PN £E5hBAuceTor THaber EPBRREHL 1T GE GSoENts
pEeFONSdd Hoed zan€QalY NGaMBd a8 £ibuaédo tf%g,trfel :%quatc%icf inal
and <1 at% 0 (0 and C below the detection [imt). A
Ttotparati ve sanple with Ag deposited by a comercially
iavai |l abl e corrposi tion demﬁﬂgatle;d a coating with 73

at% Ag, 22.5 at% C,_and 4.6 at% 0, This denonstrates
t hatLat“lfiléla;’ﬂe@cS‘s}sPaﬂ?Jeﬁ c@nﬁ'@si"t PoRMbf ¥R RYRRATECORY

cYe Sl thAn delph g edaﬁ@;ﬂmﬁi dilP Ber HaHEPOSH rLN! @de&bﬁ\ﬂended
greater that 90 at% Supporting Auger data fo

PrReRESs: FhG RaRPLES m%%eemléaerinm. @01‘8‘1101'155[?6}96PWH§ DL-
aXiwifatas HohoaaMRE 8% lafit 4ndl €, B &SR IBA Hylaht@in as a
dgglaégélggr Cu ions. Solutions were prepared containing
AgNO; (0.5 - 1 g/L), DL-alanine (20-40 g/L}, 5,5-
dimethylhydantoin (5-10 g/L), Pluronic P103 (0.5 g/L) and
water balance. The pH was about 5. Plating times of 3
minutes yielded a Ag matte coating, white in appearance,
B8tween about 13 and 20 microinches thick. Two of the
coatings deposgited in Example 16 were analyzed by XPS analysis

for composition:

Atomic %
Ag C o} cl
25 I surface 62.3 23.4 11.3 3.1
I bulk 88.4 1.4 <0.1
IT gurface 45.4 34.3 17.8 2.5
II bulk 97.9 1.6 0.5

30 Photomicrographs of one of the Ag deposits were taken and

are presented in Figs. 35 A-D. Various tests of the previous



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 sanple with a coating of 7.4 mcroinches

t hi ckness and a sanple wth a3coating 3.8 microinches
t hi ckness conditioned for 24 hrs at 85 C/ 85% RH were
tested. Contact resistance was nmeasured using a CETR
UMI-2 Mul ti-specinen tester. The contact was nade on a

e dj = t i 1:h._sil s

Pl RAoL et DT led  1ntTbap8! S5l bl bekl 1] s,
tcontiadt evedist dmeeatnfss IF&SURBewmt st frprhadBntestesbé, and

e as-plated_sanple at 100 +/: 1 force. .Fig, 34 . .
MR8 CnRa oA e Pt oe oy S Syl Ggmpgeicion
wed deusini dbemt Aeped f e texdfi bdondyt éxre Yigeron acdbesdoh, tarnish
resi stance. These .resylts_show that the cantact .
{EREL sr S R T e s P L e et g e e
TrdyMexhib00ed low grosdng, gyeodi asntaw afesdstance, good
conditigning for_ 24 hrs, at, 85 CY?S@@RH. EXAMPLE 15
S S BR PSR TOhARAD YiES PERTTIS was perforned to
cWermne the bulk ionic cleanliness of PWBs receiving
the Ag coating of the invention. The sanples tested
were bare Cu PWBs, PWBs coated vertically using the
bat h of the invention, and PWBs coated horizontally
using the bath of the invention. The testing protoco
enpl oyed an Al pha 600- SMD Onega Meter, a 5lution of
75% i sopropyl al cohol ande@bdrwater, 38 C solution

i mrersion tenperature, and a 4 mpute stabilization ,
peri g&e CPREUFEBETH % QlefOuLsIEBPF bvkor Saffsewas determined

VAt QRN 580 NeGA RN tyBanst Ffedt 0.ahél 30vBar 8258% 8 robe
égé% %9C311 constant of K = 1.0/cm. The baths of the
invention of Example 8 (Sample I) and 16 (Sample 2), the bath
not of the invention of Example 1 (Sample 3), and a
commercially available bath within the invention described in
U.S. Pat. 6,395,329 (Sample 4):

20

Conductivity
Sample # wmS/cm pH
1 5.827 1.885 @ 22.8 C
2 0.519 4.795 @ 22.8 C
25 3 g2 0.698 @ 23.1 C
4 30.8 6.723 @ 23 C

The present invention is not limited to the above
eévbodiments and can be variocusly modified. The above

description of preferred embodiments is intended only to



Ag Vertical 1 0.16 42 Ag Vertical 2 0.31 Ag Horiz. 1
0.48 Ag Horiz. 2 0.56 These results show that the Ag
deposits neet the cleanliness requirenents of 1

m crogram cn? (6.45 mcrograniin2) of NaC equival ent
by the sol vent extract condustivity testing. The

hi gher conductivity of the PWBs processed

hori zontally can be attributed to the required fina
rinse. 10 EXAMPLE 16 Lam nated Cu panels (3 cmx 5 cm
YELE, RICRRGEL DY 1 P SR 4neCLED! A0 Al RirtreliB ol s
manhutfacturers™ reconmende procedures. The panels
mehezzmlaatseandn iss| praciiscadnpippyingt Din o diiiate ogbesns

T

mmm:a:ua rf@rmAgNéB 1y e bksy/ Bpitl- mathe:e(qz(imments of a
%%E%' ﬁLé |nethylhydant0|n (5-10 g/L), Pluronic P103
grL)

ahd " wat er bal ance. The pH was about 5.
P at |mg:rt reEerehcd torn the eﬂseyloél dlael mﬁg(aﬁat tcemprise" or

b
ks pes " EAmSPLSRAN R pnis YRRD R ;208

(incElmmmigethG msaemarmélyﬂed hy XE’Snamdymas: uhdess the
Atonm ¢ % A 251 surfac

osi tion: C %

S reien Siferigh 4 choge ysoRay S48 1R, OFctye basis
A I 1khrB8udderstanding 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.



Il bulk 97.9 1.6 0.5 30 Photom crographs of one of the
Ag deposits were taken and are presented in Figs. 35
A-D. Various tests of the previous 43 Exanples were
performed, including corrosion tests in H2S, tarnish
eval uation at 85 C/85 RH, wetssing bal ance tests, and
SIR testing. The coatings deposited using this
conmposition were uniform deposits exhibiting
excel | ent adhesion, tarnish resistance,

Tdeﬂgalggk#ﬁﬁm fgld el ectrom grati on resistance. They
exni bit Ow porosity, good contact resistance, good

wear resistance, and good WI re bondi ng. 10 EXAMPLE 17

The conducti vit fgg f our 05|t| on %a hs was L

det erni fieBT°GFT ] §565 RIS 534 SPTEARSEr GABRT181ng
it azt YRy 8RS méiObeurfath alclelé EsnpEdsant oaf cmprising a
1.0/cm The baths of the invention of aggple 8.

SO8&T5 8F1 #9ahePe ASHREEE E? PHR dAiGTPagsd GPatied on the
ndbeeNLueRagl, Bedid iy theSashie Sdntaitd o th@mﬁﬁbﬂiﬁ:}bn is
avail abl e bath within the invention descri hed in

gigh thagoit 3bRE (SHAAME LEMPE Bt EEh RRITURELY 1t$aﬁﬁ}%‘” gpoout
J6hcpH 1 5.827 1.895 @22.8 C 2 0.519 4.795 @22.8
C 25 392 0.698 @23.1 C 4 30.8 6.723 @23 C The
present invention is not limted to the above

X I bodi FRO 5ro0ck L U RE VA b ONRLYe P HH @4mpdBeL PAPVErther

comprises an alkylene polyamine polyacetic acid compound.

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 compogition 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.



description of preferred enbodinments is intended only
to 44 acquaint others skilled in the art with the
invention, its principles and its practi cal
application so that others skilled in the art nmay
adapt and apply the inventiomssin its nunmerous forrms,
as may be best suited to the requirenents of a
particular use. Wth reference to the use of the
word(s) "conprise" or "conprises or conprising in
this -en re s ecifi udi_n
beIomJ %h %ﬁs 8%tﬁa #ess Sh e con ?g?ég%Pn furcther
o@mbenmﬁseu tiuhyﬂﬁmayéshﬁlEeﬂhﬁlhnﬂdﬂdm&nbaeracemmb a01d and
| ear understa di n at the re e erpreted
i CHEPORT 10T iAol PHaReERerhal A SBRRE Phar 1t i
i ntended each of those words to be SO |nterpreted in
construing this entire specificat,ion
G AL REDT R Precomen PocELa ol WS HAL H SOMBPSItion further
coHpblkases CoMiTiNGcigontactivg. t he netal surface with
a conposition conprising a source of Ag ions and
water to forma Ag-based coating on the netal

sur f aceThaherRidest bg LoRik &oMaRtirOfthbhemeadPRsid iditive
iIs such that it has a room tenperature conductivit

y
ifersheabdlit IrUs g gFPUPR. cokelgiidideof 6hikphj hqmers of and

raRenek Nmibe LmRasiaihagnburther  conprises an al kyl ene
pol yam ne pol yacetic acid conpound. 3. The process of

claim1 wherein the conposition further conprises an

a|kyh§neTEE”ﬁ¥HEéE% B@'M@Q?&'@ W d iGORRAUBM: A& OB i R
al kaline earth/al kali mnetal -free source of al kyl ene

aggi G aWe nes gl yA@@ing -aci d conpound.

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 ccnsisting of chiral

igsomers of and racemic mixtures of alanine.

13. The process of claim 11 wherein the amino acid

additive ig DL-alanine.

14. The procegs of claim 1 wherein the composition

further comprises a hydantoin derivative.

15. The proceass of claim 1 wherein the compositiocon

further comprises 5,5-dimethylhydantoin.



4. The process of claim1l wherein the conposition
further conprises N-(2-hydroxyethyl)ethyl enedi am ne
triacetic acid. 5. The process of claim1 wherein the
conposition further conprises

N- ( 2- hydr oxyet hyl ) et hyl enedi sgmi ne triacetic acid from
an al kaline earth/al kali netal-free source of N (2-
hydr oxyet hyl ) et hyl enedi am ne triacetic acid. 6. The
process of claim1l wherein the conposition further

conpsris an_al kyl en | yam n ol.yagcetic acid, .
conp{)éjhgﬁ%?né’rof:ﬁ Sc%ﬁ‘p’%ﬁ?%‘f onl]n w%ggeéxp %e‘fc\’/\r/@eons"lflgﬁld
fabondr Tomhrisés dheephpbass ofidel/aropflabheretidda bdock co-
%E osition . further conprises
P =h &thyl ) et hyl enedi ami ne triacetic acid and
the conposition has a pH between 1 and about 3. 8. The
process qf claiml erein the conpositjon further .
conpt | séF R EFEAB Qi L idlils voersinThie Rtdudene pxide/
pebgy et Widiel B1bBR asipelyakdrd haddat iNet & SelFECPedEo of
fromthe group consisting of chiral isoners of and
apaeer ¢ m xtures of al anine. 10. The process of claim
8 wherein the amno acid additive is DL-al anine. 11.

The ﬁéocess of claim1l wherein the gongosition .
fur ther Empresessant apdaian 46 #heggini viee #idutippe oxide/

pEOSPOStd 91 aehB3 0Bk PEL DSIMRRY 8RQUE #ndPdraxicldr BBEEO of
process of claim 1l wherei'n the amno acid additive

3i4 sktth-ed fromthe group consisting of chira
i soners of and racem c¢ m xtures of al anine. 13. The

process of claim 11l wherein the amno acid additive,
i s D2 alThe meocess Fhecliordss wherelni vhe gidutlene opade/

p988§§gﬂé'd%1de block co-polymer has a unit ratic of PC: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 PC: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 compesition 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 esarth/alkali metal-free source of

alkylene polyamine polyacetic acid compound.



further conprises a hydantoin derivative. 15. The
process of claim1 wherein the conposition further
conpri ses 5, 5-di net hyl hydantoin. 47 16. The process
of claim1l wherein the conposition further conprises
an et hyl ene oxi de/ propyl ene axi de bl ock co- pol ymer
additive. 17. The process of claim 16 wherein the

et hyl ene oxide/ propyl ene oxide bl ock co-polynmer has
a unit ratio of PO EO of about 3:4. 18. The process
of claim 16 wherein the ethylene oxide/ propylene
oxi de bl ock co-polyner has a unit ratio of PO EO of
3:4 25-1Pfe ddhpdamtibhOGESsla&mcjxﬂwnekélmMEhei@bmﬂusltlon

et hyl ene oxi de/ ropyl ene oxid

SheE Fatebihs pb BORrSaRat g s vl gRoshan goetic
a@fidckabm 46 av\h&rlqir!% thet By Ayk£Ne mvdadefrepr @@&f@@ebf N-(2-
oxi de bl ock co-palynmer has a unit ratio, ,of PO EO of

hydzoxyetwg) ﬁthyﬂceﬁleﬁlﬂ?ﬁgn%o%%%a%ﬁ Ag plating a
netal surface, the conposition conprising a source of
Ag ions and water and having an ionic content such
t hat 2¢ heTRomIIasisAonast actabm 2k elsaranuFee composition

£RQRAWet Edhd Y A8l QN aBRYE eRe S FRim2 pol Sc&@ﬂ@oééltd on
of claimZ2Z1 wherein thée conposition uriher conprises

CORPaNRG| ar@ Put rerPee ipoPyata? & Mt betvwesRpbuned faksita 3 -

al kaline earth/al kali mnetal -free source of al kyl ene

pol yam ne pol yacetic acid conpound. 48 23. The

conp@si t i Ppe ofomtomiipi2n efierEdim tdie whemponi thencomposition

further comprises an amino acid inhibitor of Ag deposition.

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 c¢laim 21 wherein the composition

further comprises a hydantoin derivative.

30. The composgition of claim 21 wherein the composition

further comprises 5,5-dimethylhydantoin.



further conprises N-(2-hydroxyethyl)ethyl enedi am ne
triacetic acid froman al kaline earth/al kal

netal -free source of N (2- hydroxyethyl)

et hyl enedi am ne triacetic acid. 24. The conposition of
claim 21 wherein the conposi 4won further conprises an

al kyl ene pol yam ne pol yacetic acid conpound and the
conposition has a pH between 1 and about 3. 25. The
conposition of claim21 wherein the conposition

further gconprises .an _ampo_acid j.nhihitor o
depoglgf i rgl'rlf C%P%é"&oﬁgo%. l|[gnilof‘"’hc rael“our%] g%eaﬁ%l?pe?snltlon
fulré hai oomacigkd rn eithglens oeldotpedpiienet beide delpck co-
consi sting.of chiral isoners of and racem c m xtures
ngYQFﬁn?ﬁg?tﬁﬁ?'The conposition of claim25 wherein

the amno acid inhibitor is DL-alanine. 28. The

COmSS!heD, LuELAD A5 P 0Ess A LT gt

caddieli ¥eopylend xG@RPBS btk 0fio hesl yingHhbet weeni ahouti A of
and 5. 29. The conposition of claim2l1l wherein the
FOsRBoSf t #BPME 4k -her conprises a hydantoin derivati ve.
30. The conposition of claim2l1 wherein the

conposition further conprises 5,5-dinethyl hydantoin.
49 33 The cUmMsESitiranobf CtaHl ML ¥DRFEAB] Rhe hethylene

XQERPSHEbOM drid thE8IaeC BTBEL SES- PN ldY h8Ba unit ratio of
oxi de/ propyl ene oxi de bl ock co- polyner additive. 32.
PPhEOCBAPS5t t/o1Wf- cl ai m 31 wherein the ethyl ene

oxi de/ propyl ene oxide bl ock co-polynmer has a unit
ratio of PO EO of about 3:4. 33. The conposition of

cl ai FE31Thicrwinestiftdont AY| ehrim B34 adergispyhenethyd ane

J%igg? ﬁ?éﬁ§&&ﬂ§&nﬂ%§ BlHthcéﬁgéfyﬂg} has a unit ratio of

PO:EOC of about 5:3.

35. The compesition of claim 31 wherein the ethylene
oxide/ propylene oxide block co-polymer has a unit ratio of
PO:EQO of 5:3 +/-10%.

36. The procesgs 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 pclyamine polyacetic acid

compound.

38. The process of claim 36 wherein the composition

further comprises an alkylene polyamine polyacetic acid



PO EO of 3:4 +/-10% 34. The conposition of claim 31
wherein the ethylene oxide/ propyl ene oxide block
co-polyner has a unit ratio of PO EO of about 5: 3.
35. The conposition of claim 31 wherein the ethyl ene
oxi de/ propyl ene oxi de bl ockseco-pol ynmer has a unit
ratio of PO EO of 5:3 +/-10% 36. The process of
claim1 wherein the ionic content of the conposition
is such that it has a roon1tenperature conductivity

c&ﬁ%guné%e Jaoaqﬁéi J%t-ﬂfa%& Qgeﬁétgi ﬂ'@é @cﬁ%ce of

conpos conprises an ylene
apbyyenarpphyamﬁaeepotyacemhc(amn@oapdpoeﬂd.The process
of claim 36 wherein the conposition further conprises
an al kyl ene pol yam ne pol yacetic acid 50 conpound
f r onma. aﬂ'HeaIp'meeear bhH/ aldial i3 srmnhalreﬂ.neEhs ozpmpesaft ion

R ot TR S PR L B BRI, e e

acoﬂprlses N-(2 hydroxyethyl)ethylenedlan1ne trlacetic
acid. 40. The process of claim 36 wherein the
conmposition further conprises

N ( 22y dnx yeblgk s ebhyd Biedinmivie rb i h agld | Compadi@ ibhom
an al kal i ne earth/alkall metal -free source of N-(2-

ERpHRe yeRALEeat Ny (e ey byl gEBY T enedining r?ﬁsetlc

aPlQCLESn Ofn Ghabmid6 whereifidae mebROSEiédsodrdet Ber N- (
conprlses an aIk{Iene pol yam ne pol yacetic acid

hydrperidydid ethelesppbariteofHasesiprretd ween 1 and
about 3. 42. The process of claim 36 wherein the
composi tion

41. The process of claim 36 wherein the composition

further comprises an alkylene polyamine polyacetic acid

compound and the composition has a pH between 1 and about 3.

42. The process of claim 36 wherein the composition
further comprisea N- (2-hydroxyethyl)ethylenediamine triacetic

acid and the compcosition has a pH between 1 and about 3.

43. The process of claim 26 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

igomers of and racemic mixtures of alanine.

45. The process of claim 43 wherein the amino acid

additive i1g DL-alanine.



further conprises N-(2-hydroxyethyl)ethyl enedi am ne
triacetic acid and the conposition has a pH between 1
and about 3. 43. The process of claim36 wherein the
conposition further conprises an amno acid additive.
44. The process of claim43 wherein the am no acid
additive is selected fromthe group consisting of
chiral isoners of and racem c m xtures of al ani ne.

45. The process of claim43 wherein the amno acid
addl 1§ Verle® ot %”596 120 456 0nl0€1 R PhESCorflodtdol)

Fein the ¢ %lon further conprises an am
factUeadmmEmee@ndnt hmln@rﬁmsi tad;ﬂntlhasaad ptHldDeIQm?@ﬂlt ion
hggpg EFLé%E %Eoughg process of claim46 wherein the
ani no- ditrve s sel'ected fromthe group
consistlng of chiral isoners of and racem c m xtures
e. 48. The process | ai m 4 e

i b7 acIRE BraserRy el Shat 4 edeTholrdiEiald 4018
adﬂﬁtméﬁmﬁcmeﬂherﬁmmlgﬁm cbnest betng afprdksies la
.gﬁdantoi€ d(£|vat|ve ﬁgr gess of claim 36
*HRHBYET 't e 6%8&‘%‘8}1"“?{&% “cBhpPfFses

5, 5-di met hyl hydant oi n. 51. The process of claim 36
whereji n the conposition further conprjses an et Iene
o G20 pr U OS8R BE BHHER 4% V55Fy eF AT S oM
adBet procas prefalahahel 51 wherein the et hyl ene oxi de/
propyl ene oxi de bl ock co-polynmer has a unit ratio of
PO EO of about 3:4. 53. The process of claimb51

wher g6 n e Blaekangroxi gl 36 wherein the composition

further comprises a hydantoin derivative.

50. The procegss of claim 36 wherein the composition

further comprises 5,5-dimethylhydantoin.

51. The process of claim 36 wherein the composition
further comprises an ethylene oxide/propylene oxide block co-

polymer additive.

52. The preocess of claim 51 wherein the ethylene oxide/
propylene oxide block co-polymer has a unit ratio of PO:EO of
about 3:4.

53. The process of claim 51 wherein the ethylene oxide/
propylene oxide block co-polymer has a unit ratic of PC:EO of
3:4 +/-10%.



propyl ene oxi de bl ock co-polynmer has a unit ratio of
PO EO of 3:4 +/-10% 52 54. The process of claimb51
wherei n the ethyl ene oxide/ propyl ene oxide bl ock
co-polynmer has a unit ratio of PO EO of about 5:3.
55. The process of claim51 wherein the ethyl ene

oxi de/ propyl ene oxide bl ock co-polyner has a unit
ratio of PO EO of 5:3 +/-10% 56. The process of
claim1 wherein the Ag-based coating conprises at

| east, abqut 80 atom ¢ % (dul a . € i
orocibe e EiacREt hherbtth i s TRIRCHR ol M oxiae/
peoppl ese soxaitdd @dstkabotpoDinet drzisc a%uAgt (batic of PO:EO of
agve a?g%. 58. A process for Ag plating a netal surface
SH%r'S hg contacting the netal surface with a
conposition conprising: a) a source of Ag ions; b) an
al kylL en ol yam ne | yacetic acid co und; and_c
et 275V GCERE BEAEOERt 1 Eh Maer e FRp et WRderE gle/
pabpilede oxidid lecR AQ-paBate tilsl aguabt t her ietafl PO:EO of
surface,. 59. The process of claim58 wherein the
5é?k§ é%%%'polyanine pol yacetic acid conpound is N-(2-
hydr oxyet hyl ) et hyl enedi am ne triacetic acid. 60. The

process of claimb58 wherein the al kyl ene ol yanj ne
pol yatetThe REFEEEnBOURR ™ ]arY'%ﬁrE& i hBe e%%#%ﬁgxéiolatmg
chRpal sdd et SIQAEEe aBbubl §2-duuitiax wehBy (betlbyd-vnedieani ne
triacetic acid. 53
57. The process of c¢laim 1 wherein the Ag-based coating

comprises at least about 90 atomic % Ag {(bulk average).

58. 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 alkylene polyamine polyacetic acid compound;
5 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 conposition for Ag plating a netal surface
conprising: a) a source of Ag ions; b) an al kyl ene

pol yam ne pol yacetic acid conmpound; 5 and c) water;
wherein the conposition has a pH between 1 and about

3. 62. The conposition claim6l wherein the al kyl ene
pol yam ne pol yacetic acid conpound is N-(2

hydr oxyet hyl ) et hyl enediam ne triacetic acid. 63. The
process of claim®61 wherein the al kyl ene pol yam ne

pol yacetic acid conpound is an al kaline earth/al kal
netal -free source of N-(2-hydroxyethyl)ethyl enedi am ne
triageti & a6hpbsidonALREOBGSELAOINAG Mebilnguafaes al
surface conprising contacting the nmetal surface with
FPEIAFG8Pti on conprising: a) a source of Ag ions; b)
an amno acig dnidd 102 agf 1Ags deposition which 5
functions at a pH between_about 4 and about 5 to slow
Ag deposi bl o radkyrleangd Pelyamni e  PQLY St ACa2 ARG berpund;
coating ogyghe netal surface by displacenent plating
under plating conditions where netal of tte netal
surface f@hc¥desis as a reduci ng agent for the Ag

I ons .65.. T 0 | ai ek n e
whé?.1 g h hc:e €3 B & %}t\e@ b L& aboyut 3.
conposi Foh has émE%% be?ﬁee% 5%3%% an% a%oat 5706
The process of claim64 wherein the am no acid

62. The composition claim 61 wherein the alkylene
polyamine polyacetic acid compound is N-(2-

hydroxyethyl)ethylenediamine triacetic acid.

63. The process of claim 61 wherein the alkylene
polyamine polyacetic acid compound is an alkaline earth/alkali
metal-free source of N- (2-hydroxyethyl)ethylenediamine

triacetic acid.

64. 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 amino acid inhibitor of Ag deposition which
5 functions at a pH between about 4 and about 5 to
slow Ag depogition rate; and
c) water;
to form a Ag-based coating on the metal surface by
displacement plating under plating conditions where metal of
thhe metal surface functions as a reducing agent for the Ag

ions.



inhibitor is selected fromthe group consisting of
chiral i1somers of and racem c m xtures of al ani ne.

67. The process of claim64 wherein the amno acid
inhibitor is DL-al anine. 68. The process of claim64
wherein the amno acid inhibitor is selected fromthe
group consisting of chiral isoners of and racemc

m xtures of alanine, and the conposition has a pH

bet ween about 4 and about 5. 69. The process of claim

64 rep,n the amno.acid, inhihitor_is,DL-alani.ne,

ond P et Rnstas ainifbotiedin SBo. oW fTon has a
pHbbatwéen /dbovk @oapdsaboott $or Ag plating a netal

surface conprising: a) a source of Ag ions; b) an

am no acid inhibitor of Ag deposition which functions

at aepH Tiet Rt ealBout 4lahd ebotHer®inotheosmAgp acid

deposition rate; and_c ter. 71. The.conpositiqgn of
R M LT L P Vo g AP
iabfbts dopnthdheitenic Abxtures Wie aqempasiti on of claim
70 wherein the amno acid inhibitor is selected from

the group consisting of chiral isoners of and racemc

M xt gy esTid Al RRsRe of 781a hes £ QMRS hi @Ae OdmIiAdid8ie0
Wwherein the amno acid inhibitor is DL-al anine. 74.
irhébibrpost ti 18P 18Rai m 70 wherein the amino acid

i Nhi Bt Ofhd oreRlcRGt 8¢ LM tde WHeHeAnCONE! Shim® Rfid
chiral 1isoners of and racem c m xtures of al anine,
inhdbiker 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.

69. The process of claim 64 wherein the amino acid
inhibitor is DL-alanine, and the composition has a pH between

about 4 and about 5.

70. A composition for Ag plating a metal surface
comprising:

a) a source of Ag ions;

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

¢} water.

71. The compecsition of claim 70 wherein the composition

has a pH between about 4 and about 5.



conposition has a pH between about 4 and about 5. 75.
The conposition of claim70 wherein the am no acid
inhibitor is DL-al anine, and the conposition has a pH
bet ween about 4 and about 5. 76. A process for Ag
plating a netal surface conpsfsing contacting the
nmetal surface with a conposition conprising: a) a
source of Ag ions; b) an amino acid selected fromthe
group consisting of chiral isoners of and racenic
m xt of al ani ne;, . to for
coat TR BiE utelioBlor s Ho =B oLas " s
iAGivhesei Ny tdel exarPoSrbnothd afraup @dnbeknery @bmmrzhl
and abou rocess of_cl.aim76 wherein the

8.
IEHPEBSaﬁ%cPWQ;ﬁi?eméFaﬁﬁﬁEurﬁ% oF & L13P{8%pr ocess of

claim 76 wherein the anmino acid is DL-al ani ne, and the

conmpasi tion has en abaout and out 5. 80.,
A or 26ROty B RaPTGE o Tl T P RELR ey fitiny 201
igBAbacdi NP the dmhahesurface with a conposition
conprising: a) a source of Ag ions; b) a hydantoin
derivative; and 5 c¢) water; to forma Ag-based

coat 789 Bie td¥ngBRtidl cfUbE a€Eaim 8 whd@eRhOERS Saffno acid
claim 80 wherein the hydantoin derivative is

ighibit et Hy | HRARETES) ﬁrOQZCheﬂﬂer%(?%éléF igg fmPpral

1%@.%% S%f th§nc§ GHRQHiL AdxchHEd Y QQRRHESESn@Nc1dM No
acl a I TIve.
composition has a pH between about 4 and about 5.

75. The composition of claim 70 wherein the amino acid
inhibitor is DL-alanine, and the composition has a pH between

about 4 and about 5.

76. 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 amino acid selected from the group consisting of
chiral isomers of and racemic mixtures of alanine; and

c) water;

to form a Ag-based coating on the metal 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.



83. The process of claim82 wherein the amno acid
additive is selected fromthe group consisting of
chiral isoners of and racem c m xtures of al anine.

84. The process of claim82 wherein the amno acid
additive is DL-al anine. 85. Tde process of claim80
wherein the conposition further conprises an am no
acid additive and the conposition has a pH between
about 4 and 5. 86. The process of claim85 wherein the

am nq@ _aci additive | el.ected fromt grou s
cons St ndhsrBERTIEE Of SRdRe B “ATAF Th D RR: BFiE 1o
mf- sAlaarinee. ahd tlBd .coigirtaeasiasfa gplnibatd@enhabeut 4 and
the amno acid additive is DL-alanine. 88. A

i'tion for Ag plating a netal surface conprising
contacting the netal surface with a conposition
conprising: a) a source of Ag ions; 5 b) a hydantoin, |,
der i P&t $ePTaR8Ss oMt P1agdng TH MG FIHEASR GPMPTising
&l dBe88gWheE ehar d hesyPrdrt Qhoh 8eddndd M8 onS comprising:
5, 5-di met hyl hydantoin. 90. A process for Ag plating a
met al®)s@r FRBEC 0P rA%iiRFSicont acting the netal surface

W th GoRpashtboN SRS IkRY: and@) a source of Ag
ions; b) an ethyl ene oxide/propyl ene oxi de bl ock
co- péllyeteradditive; and c) water; to form a Ag-based

coat ilng r@Rnt ReadBl Ble SWHRGEg on the metal surface.

81. The process of claim 80 wherein the hydantoin

derivative is 5,5-dimethylhydantoin.

82. The process of claim 80 wherein the compositicn

further comprises an amino acid additive.

83. The process of claim 82 wherein the amino acid
additive is selected from the group consisting of chiral

isomers of and racemic mixtures of alanine.

84. The procegsg of claim B2 wherein the amino acid

additive is DL-alanine.

85. The process of claim 80 wherein the composition
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.



91. The process of claim90 wherein the ethyl ene
oxi de/ propyl ene oxi de bl ock co-polyner has a unit
ratio of PO EO of about 3:4. 92. The process of claim
90 wherein the ethylene oxide/ propylene oxide block
co-polynmer has a unit ratio gf PO EO of 3:4 +/-10%
58 93. The process of claim90 wherein the ethyl ene
oxi de/ propyl ene oxi de bl ock co-pol yner has a unit
ratio of PO EO of about 5:3. 94. The process of claim
90 wherein the ethylene oxide/ propylene oxide block
co-polyner has a unit ratio of POEO of 5:3 +/-10%
95. A7proBespréassAPMPlcattingsa wisdndirs wheaeaine acid
CONPr.i Si n ontacting the netal surface with a
&¥FthnD§E§iﬁq¥ﬂqng: a) a source of Ag ions; b) an
al kaline earth/al kali netal -free source of al kyl ene
pol yam ne pol yacetic acid_conpound; and c) water; to
f or m88 - AY- PEERRE Ko f§ToATt Re2FHIAI2 JRtFAcEUrERES The
RREe23Ingf c6hed M 90y WRS RkBal heuAtdod &Reh ROL¥APbHELion
pol'yacetic acid conmpound is N-(2- hydroxyethyl)
ERFLEABEF am ne triacetic acid. 97. The process of
clai 93 wbered ot gy Agnased coating is at |east
about 80 atom c % Ag (bul k average). 98. The process
of cﬁ%iﬁ1DBdﬁwﬁﬁ¥ﬂr&%ﬂ%?aAgVBaséﬁgcoating is at | east
about.)9Q atpm c % Ag (bul k average). 99. The process
of claim96 wherein the Ag based coating is at |east
about 90 atom c % Ag (bul k average).

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 ethylene oxide/propylene oxide block co-polymer
additive; and

¢) water;

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

91. The process of c¢laim 90 wherein the ethylene oxide/
propylene oxide block co-polymer has a unit ratio of PC:EO of
about 3:4.

92. The process of claim 90 wherein the ethylene oxide/
propylene oxide block co-polymer has a unit ratio of PQ:EO of
3:4 +/-10%.



100. The process of claim96 wherein the Ag based

coating 1is at |east about 95 atomc % Ag (bul k

average). 59 101. A conposition for Ag plating a

metal surface conprising contacting the netal surface
with a conposition conprisirng: a) a source of Ag

ions; 5 b) an alkaline earth/alkali netal -free source

of al kyl ene pol yam ne pol yacetic acid conpound; and

c) water. 102. The conposition of claim101l wherein

t he al.ky e ] y ' G 0 L S

(2 Ry Ry RERYE O BT B Moo i3 LD BERY e Soide/

@y lAnpr oseds BlrckAgoppaflymgr ahd & wrfidceapfioacf PO:EO of

éﬁqutgd W ring board substrate having electrica

{9U&r e6Rnect recesses conprising sequentially a)
applying a Ag plating conposition conprising a source

of Ag.io to the Cu surface,.and b). chani.c .
a5t Si naRe R 5 fe0nBerTnin (s ehaviend oxice/

migstieneabx i d¢ ds ok ect-poegrsselas IH)dinitheapioceSSPOIED of
Jjaiglégg wherein the nechanically assisting the Ag

fI°atng onposition into the el ectrical interconnect
recesses conprises contacting the Cu surface with a
brush to brush the Ag plating conposition into the

el ectPPi-cAl PYATRIT e &Y PeEEiRds? MYJPl AUFfBEEsSoTRY1sing

A tRlct hB0t Be Ghetdl fAGEa0E RiPRI Ht@ShpoMitiibd BempHising:
substrate conprising contacting the é% surface wth a
conpdsi B BAUESRRT HchdOorg)y a source of Ag ions; 5 b)

HEDTA) an alkaline earth/alkali metal-free source of alkylene
pSlyamine 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
poclyamine polyacetic acid compound is N-(2-
hydroxyethyl)ethylenediamine triacetic acid.

97. The process of claim 95 wherein the Ag based coating

is at least about 80 atomic % Ag (bulk average).

98. The process of claim 95 wherein the Ag based coating

is at least about 90 atomic % Ag (bulk average).

99. The process of claim 96 wherein the Ag based coating

is at least about 90 atomic % Ag (bulk average).

100. The process of claim 96 wherein the Ag based coating

is at least about 95 atomic % Ag (bulk average).



60 <c¢) an ethyl ene oxide/ propyl ene oxi de bl ock
co-polynmer additive; d) a tarnish inhibitor; and e)
wat er; 10 wherein the conposition has pH between 1 and
about 3, and a roomtenperature conductivity of |ess
than about 25 nS/cm to formwa Ag-based coating on
the netal surface which conprises at |east about 90
atom c % Ag (bul k average). 106. A conposition for Ag
plating a Cu surface of a printed wiring board
substrate, the conposition,conprising: a of
A 1 ORE: ) PR, ol AE IR e Trar RO FEFE
aouipdd shhgckonoapuingrahe addiali serfabe avittér ai shmposition
inhibitor; and e) water; wherein the conposition has
éh 1 and about 3, and al Oroom tenperature
condugt avebtyreé 4y tilkas ;about 25 nS/cm  107. A

process for | atin urface of a printed

o PT RS Bbar et s el abart n Boreh PRYPHReof pLkyLene
flviaatae BPbliafettiResid conpeen®f iaidlg: a) a source of

Ag ions; b) an amno acid additive selected fromthe
groufy’ ¥8RS&¥sting of chiral isonmers of and racemc

m xtures of alanine; c) an ethyl ene oxi de/ propyl ene

oxi de bl ock co-polyner additive; d) a hydantoin
deri@&?hv@?eaERWP051tlon 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)
médchanically assisting the Ag plating compcosition into the

electrical interconnect recesses.

104. The process of c¢laim 103 wherein the mechanically
assisting the Ag plating composition into the electrical
imterconnect recesses comprises contacting the Cu surface with
a brush to brush the Ag plating composition into the

electrical interconnect recesses.

105. A process for Ag plating a Cu surface of a printed
wiring board substrate comprising contacting the Cu surface
with a composition comprising:

a) a source of Ag ions;

5 b) HEDT&;



e) water; 61 wherein the conposition has pH between
about 4 and about 5, and a room tenperature
conductivity of |ess than about 25 ns/cm to forma
Ag- based coating on the netal surface which conprises
at | east about 90 atom c % Ago( bul k average). 62 108.
A conposition for Ag plating a Cu surface of a printed
Wi ring board substrate, the conposition conprising:

a) a source of Ag ions; b) an amno acid additive

sel ect ed ffO”’E%fiéﬁfmﬁ%ldp9pgp§%inge° Y Bah ﬁksgggﬁélymer

of and r&cen1c res o an et
OX|de/padﬂytEme oxi de bl ock co- polyner addltlve d) a
hydant.oi n_derivatjve; .and wat er; wherein the

conp&Ri £ GATAASE PR RS §€8ut 4 and about 5, and a

roonkgemaeéagure conductivity of |ess than about 25

nS/cm 109. rinted wi.ri ng board havi ng
1%tew’&1&ﬁﬁéet ﬁhgtwm%%% ﬁasaplé ?%@eenc&aﬁrlﬂgasﬂwfh% and

L4-dod eempBReELfe WMHAILLGQARYI 6£S18ds |9RS abbayt 280ms/cm,
atomc % Ag (bul k average). 110. Theégllnted W, ring
1RHTTOR AEZPAFIDFIREIG 1t hBe B3 h @Wrdsse HEich

ESRIIs2@S a8l 1£888 taiUto 098t 8h081 £ A4 ABbullddlkrage) .
average). 111. The printed wiring board of clai m 109

wherein the surface coating conprises at |east about
95 aﬁ%%tCAqggﬂposition for Ag plating a Cu surface of a

printed wiring board substrate, the composition comprising:

a) a source of Ag ions;
b) HEDTA;

5 ¢) 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, and

aloroom temperature conductivity of less than about 25 mS/cm.

107. A process for Ag plating a Cu surface of a printed
wiring board substrate comprising contacting the Cu surface
with a composition comprising:

a) a source of Ag ions;

b) an amino acid additive selected from the group
congisting of chiral isomers of and racemic mixtures of
alanine;

¢) an ethylene oxide/propylene oxide block co-polymer
additive;

d) a hydantoin derivative; and

e) water;



(bul k average).

61

wherein the compogition 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 surface which

comprises at least about 90 atomic % Ag (bulk average).



62

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
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

e) water;

wherein the composition has pH between about 4 and
about 5, and a room temperature conductivity of less than

about 25 ms8/cm.

109. A printed wiring board having Cu interconnects
therein having a surface coating on the Cu interconnects
which compriges 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
surface coating comprises at least about 95 atomic % Ag

(bulk average).



