1 METHOD OF ELECTROPLATING SILVER STRIKE OVER NICKEL The present invention is
directed to a method of electroplating silver strike over nickel from a cyanide-free silver electroplating
solution. More specifically, the present invention is ditected to a method of electroplating silver strike over
nickel from a cyanide-free silver electroplating solution where an additional silver metal layer plated on the
silver strike forms a mirror bright deposit on the nickel.  Silver plating has been conventionally used for

decoration and forinpROKAESS £QRT feiSL SXFEIRD I |ogtER dhasrierisiasrsilyerqiating has had a

wide utility in the electronics industry, such as for switches, connectors and current tracks for photovoltaic
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without thgisoeerrheaapedofHeMitkkIStries which readily utilize silver plating solutions. Also, other
silver plating solutions have been tried, such as silver solutions containing triethanolamine added to silver
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3 conventional silver electroplating solutions and is environmentally friendly. The methods and silver
electroplating solutions are used to deposit mirror bright silver layers on nickel containing substrates in
decorative applications, electronic applications as weéll as for photovoltaic applications. As used
throughout this specification, the terms "plating” and "electroplating are used interchangeably. The
indefinite articles "a" and "an" are intended to include both the singular and the plural. The term "silicide"

means a binary QRIREAYNIEPESAIGR88E 28 A RISMRGE HetabhaBpat substRRSVMRGp layers of
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and ratios are by weight unless otherwise indicated. All ranges are inclusive and combinable in any order
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complexes. Preferably, the sources of silver ions are chosen from silver oxide and one or more silver

hydantoin complex® s, 50e shetisitise lasipmirting@ekicens praifige ofudion s ¥ daanbtaming silver
compoungs. The sources of silve,[ ions are incIL‘dedéE_léF%%istrike solutions in amounts of 0.1 g/L to 5 g/L or

such as 58NS -g/Lhe Sk RlaHBEPAILR SN RIS TR QA FHYEE Lok AB-RRUEERRiBh in
arlrl:olunts dnoey &@dlhtydeilﬂégéh @gmpzmaaéramobﬁwd bimé@géat@n@abimesmmn&mdbttgcﬂwepm@slgymﬁ&
Alkali metal nitrates include sodium nitrate_and potassium nitrate. . . ne or more imides or imide
by ThY Sy et e it ol R e S sk oA

100 g/L, soshicthiek fromeGfagéhitalftygd-tHauahsishides snghiite siout beewernigiited tmdéuopipenide,
2,2-dimethyl succinimide, 2-methyl 2- 4 ethyl succinimide, 2-methyl succinimde, 2-ethyl succinimde,
o RPN BRI STveh RS G S ST AB TRigi fadormate
1-methylatetiniyraalairnidght2- butyl maleimide, 1-methyl-2-ethyl maleimide, pthalimide, pthalimide
derivatives, such as N-methyl pthalimide and N-ethyl pthalimide, imide derivatives, such as hydantoin, 1-
methylhydantoirlth8tdjmetbythigdaicizn]de Sreiensthy kg ddettiop hinegtsahadles Svidhettaghydaidein and

5,5-diphen Ihydar}tl?i ulfamic ﬁ;]cid and {fﬁ salts: Ikan%salfonic acids %nd their salts, such as
on

n
methanessuq?grq{égalca',l\é?ﬁé%g %?J'f‘rsc'in|cear18i(':i'S an Srgp e 05 olctésé{égrﬁg?/%e%ﬁé?ﬁdsé'c}/ i the silver strike
electroplafiegregidiog Siifdons adicthmiatsda bsnaino miktetveuliEposcueanicketiosaltkel @y de

included in the silver strike soluytions in amounts of 5 /1 to 1 /L. or such as, fro 0 a/L.to 60,0/L. Such
e oo i eraaEcusauinal L AR S bl Sl i ST B HaRel oSt AR

Chemical Com ' Wi i ilver stri j ' in one
or more butfering S e e 2 B B B S L SR e
phosphatneusfen @ie dnidesfer, igHdsonety ks, and sofrraaikaliffoetaheltsatesitihef solbaffés used is
that amo iGent. intal ' ' I f -
Optional B e B R L ek Papfating
conventignall\&@rriiokntayanpmio ke diokey of pickeislehtiunRy kstiptdtehteitt moniahisilvenksmtional
surfacta it: pier; ' ﬂ?@ ilver_plating.
Surfacta?l%i/gn@%/ %%qbnsﬁ%gsc)i‘?r? %ﬁ%@ﬁﬁ@@%ﬁ@%ﬁﬁ%ﬁ%@ ofs |I%iﬁ%1pe%a§r%ﬁgragl ver
electropla@mgsivhetiontn the elyisrsiliietiayeive fetikarerdaiep siiMgratpesisanclayer siietbe micke!
additionaé&q@m [?osﬁr%ﬁ@ additional components include, but are not limited to, grain refiners,
anti-tarnish ager?rég?eve ers and ductility enhancers. Such additional components are used in
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layer on the nickel or nickel alloy of the substrail he initial silver strike layer provides good
adhesion of additional silver layers depositedhanrtickel containing substrate. Further, since
the silver electroplating solution is free of cy@mit eliminates the toxic dangers of many



The nickel containing substrate may be electroplated with the silver strike by spraying the silver solution
onto the nickel or nickel alloy surface of the substrate using conventional electroplating spray apparatus
or by immersing the entire substrate into the silver strike solution. Conventional electroplating apparatus
may be used. Electroplating may be done at temperatures 5 ranging from room temperature to 70 C or
such as from 25 C to 50 C. The nickel containing substrate typically functions as a cathode and any

suitable ey RIMiRIRI %ﬂQQPé%&iU@bﬁlﬁ%R’ﬁHﬁg ABORHBENEIS ASKiGyNashenfeBrbdd@sipctrode,

such as a soluble silver electrode or insoluble anodes may be used, such as iridium oxide or lead oxide
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low current densities in combination with low silver content of 0.1 g/L to 5 g/L provide for a strike film
within a RBHEAIPRBSf typically 5 seconds to 20 seconds. The silver strike is plated onto the nickel or
nickel alloy such that the silver strike layer is directly adjacent the surface of the nickel or nickel alloy. The
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silver eleggagigtaeneasns may be used for electroplating the additional silver layers onto the silver strike.
Although the additional silver layers may be plated from silver electroplating solutions which include
cyanide, it is prefatafditdwingaatistesliatient dpiad ngesfylibansghedays e nibtwihtosonmstusteany hazard to
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coated on copper alloys, such as switches, electrical connectors or jewelry. The nickel or nickel alloy layer
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from 1 to 30 séconds. It ilver IS noqqplated on the nickel within a short time after nickel deposition, the
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describe a metal layer which Is resistant to plating. en plating does occur on a passivated metal,
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the silver on the nickel within one minute or less ating otherwise an activation step may be
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deposited by light induced plating (LIP) or conventional silver electroplating. In general, the patterned
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silver plating composition is connected to the rectifier such that a compléted circuit is formed between the
components. Current densities are from 0.1 A/dm2 to 2 A/dm2 or such as from 0.2 A/dm2 to 1 A/dm2.



7 wavelengths to which the semiconductor wafer is photovoltaically sensitive. A variety of other light
sources may be used, such as, but not limited to, incandescent lamps such as a 75 watt and 250 watt
lamps, mercury lamps, halogen lamps and a 150 watt IR lamp. After the silver metal is deposited
adjacent the nickel, the semiconductor is then sintered to form nickel silicide. Sintering is done with the
silver deposited onto the nickel surface to improve adhesion between the silver and nickel. Sintering with

the silverg RBIRINEE KRl AHeYP 3SESI IR AN IMHAIRIBIRIEN G N DOIBEVERHETH IGE LI e

prolonged at a given peak temperature over conventlonalﬁi)rpcesses to provide improved bonding
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nickel to diffuse too deeply into the wafer penetrating the emitter layer thus shunting the wafer. The
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temperatures, thus nickel silicide is formed with the silver protecting the nickel from oxidation during

sintering JEHYEY FRBIRRNS weret BRaRE IRt of 380 C or greater or from 400 C to 550 C may
be used. Peak temperatures exceedin%GSO C are not used because at such hé?trjl temperatures both
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Typically, peak temperatyre times range from 2 seconds to 20 seconds. An example of a suitable furnace
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sintering {peayi 1 dienih ithars iy gsiike Riciinidg € iV iEemssNs &gl epaoTey/ toctsing tegasartmasghete or
vacuum. Accordingly, the steps and equipment required in sintering in.an inert or vacuum environment
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special insytigrsesiivhings raducrsThersiesl @shasumplemityvel tsssivigimg process. In general, sintering
is done for 3 minutes to 10 minutes. Line speeds at which the semiconductor passes through the furnace

may vary deperibiegsiinghstfikaatecusgdaiviip soRxjzarsmeayatomonayobendoa & tdfeleter s thie
approprigie line speed. Typically, the line speed is from 330 cm/minute to 430 cm/minute. The
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mirror bright finish. Since the silver electroplating solytion is free of cyanide it eliminates tgxjc dangers
of many SO O BE R T L I AR S L el T e anc

silver electroplaging: i Y it mj ioht silver, r el ining
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the scopg %?@%?n%%ﬂgﬁ!@%%ﬁg (féiglgaqu gﬁs&%%@@fﬁiﬁ ?é%’%}rg gvﬂa{géﬁgé\&e% e?igshown in the
table belp@fUabrNteoT MRGNEX PlAln@USOrfactants mayncluded in conventional amounts known

by those of skill in the art for silver electrophag solutions.

Optionally, the silver strike electroplating sotuts include one or more additional
components. Such additional components includieatgunot limited to, grain refiners, anti-
tarnish agents, levelers and ductility enhanc&usch additional components are used in

conventional amounts and are known to those dfiskihe art.

The nickel containing substrate may be electroglatih the silver strike by spraying the
silver solution onto the nickel or nickel alloy fage of the substrate using conventional
electroplating spray apparatus or by immersingetitée substrate into the silver strike solution.
Conventional electroplating apparatus may be ug&dectroplating may be done at temperatures



Silver ions as silver 5,5-dimethyl hydantoin 1 g/L 5,5-dimethyl hydantoin 70 g/L Sulfamic acid 35 g/L
Potassium hydroxide 30 g/L pH 9.5 Six nickel pre-plated copper test panels 50x50mm were
electroplated with the silver strike solution. Each panel was placed in a separate electroplating solution
containing the silver strike in Table 1 above. The panels functioned as cathodes and platinised titanium
electrodes were used as anodes. The cathodes, silver strike solutions and anodes were joined in

electrical sAEIAYHSAIRSHIA teRsRRRRNE Festitiesvdiieh asopided thesparentsuiekdesHRRAHGY was

done for 20 seconds at a current density of 0.5 A/dm2. A silver strike layer of 0.1m thick was 9
substrate typically functions as a cathode andsaitgble conventional anode for silver
electroplating may be used. The anode may beublgotlectrode, such as a soluble silver
electrode or insoluble anodes may be used, sucld@asn oxide or lead oxide insoluble anodes.
The electrodes are connected to a conventionafieeethich provides the source of current.
Current density ranges from 0.1 A/8lto 2 A/dnf or such as from 0.2 A/dnto 1 A/dnf. Such
low current densities in combination with low sih@ntent of 0.1 g/L to 5 g/L provide for a
strike film within a plating time of typically 5 sends to 20 seconds. The silver strike is plated
onto the nickel or nickel alloy such that the silg&rike layer is directly adjacent the surface of
the nickel or nickel alloy. The silver strike mdtonto the nickel or nickel alloy ranges in

thickness from 0.Qim to 0.2um, or such as from 0.@#n to 0.Jum.

Additional silver layers are then deposited on®®shver strike layer such that they are
adjacent the silver strike layer to build-up tHeesi on the nickel substrate to a desired thickness
Such additional silver layers may range in thiclenigsm Jum to 5Qum and are mirror bright.
Conventional silver electroplating baths may beduse electroplating the additional silver
layers onto the silver strike. Although the adudial silver layers may be plated from silver
electroplating solutions which include cyanidasipreferable to avoid such electroplating
solutions because of their toxic nature and hatzatde environment. The silver layers
electroplated onto the silver strike have good adimewith the underlying nickel and are mirror
bright.

The method may be used to provide mirror brigivesileposits wherever mirror bright
silver layers are desired. Typically the nickeldaor nickel alloy layer is coated on copper
alloys, such as switches, electrical connectorewelry. The nickel or nickel alloy layer also
may be coated on a polymer material.

The methods for electroplating the silver strikeyrabso be used in the phtotovoltaic
industry in the manufacture of solar cells, sucinabe formation of current tracks. In the
formation of current tracks, semiconductor wafeesdoped to form a p/n junction. Such wafers
are typically coated with an antireflective layéiSi;N,4 on the p+ doped emitter layer side of the
wafers. Current tracks are then patterned thraoigtantireflective layer exposing the p+ doped

emitter layer of the wafer using one or more knamenventional etching methods. A nickel



deposited on each panel.  After the silver strike was electroplated adjacent the nickel, the silver plated
panels were rinsed with deionized water at room temperature. The panels were then electroplated with an
additional 5m silver layer from a silver electroplating Solution containing the components in Table 2 below.
Electroplating was done at 5 A/dm2. Table 2 COMPONENT AMOUNT Silver ions as silver 5,5-dimethyl
hydantoin 40 g/L 5,5-dimethyl hydantoin 70 g/L Sulfamic acid 35 g/L Potassium hydroxide 30 g/L Grain

refiner(s)seed layer may be deposited on the current tradke@mitter layer. The nickel seed layer may
be deposited by any conventional nickel deposii@thod known in the art. Typically, the
nickel seed layer is deposited by light assistedlelideposition. If the source of the nickel is an
electroless nickel composition, plating is donehatit application of external current. If the
source of the nickel is from an electrolytic nickeimposition, a rear side potential (rectifier) is
applied to the semiconductor wafer substrate. ébwrensities may range from 0.1 Afdim 2

A/dm?. Light sources include, but are not limited tisjble light, IR, UV and X-rays.

By illuminating the front of the semiconductor wafeth light energy, plating occurs on
the emitter layer. The impinging light energy gettes a current in the semiconductor. A nickel

layer of 20nm to 300nm thickness is typically defsas

After the nickel seed layer is deposited, a sikteke is immediately deposited adjacent
to the nickel. Typically, the silver is depositedess than one minute after nickel is plated,
more typically, less than 30 seconds after nickaimg, most typically from 1 to 30 seconds. If
silver is not plated on the nickel within a shame after nickel deposition, the nickel becomes
passivated and must be activated prior to silvatimy. Passivation is a general term to describe
a metal layer which is resistant to plating. Whpéating does occur on a passivated metal,
adhesion between the passivated metal and the degiakited on it is poor and unreliable.
Typically the deposited metal readily peels from plassivated metal. Accordingly, it is highly
desirable to deposit the silver on the nickel witbhe minute or less after nickel plating
otherwise an activation step may be required teeaefreliable adhesion between the nickel and

the silver.

The silver strike may deposited by light induceattiplg (LIP) or conventional silver
electroplating. In general, the patterned semiaotat wafer is submerged in a silver
composition contained in a plating cell. The rede ©f the semiconductor wafer is connected to
a source of external current (rectifier). A silagrode placed in the silver plating composition is
connected to the rectifier such that a completszlitiis formed between the components.
Current densities are from 0.1 A/@io 2 A/dnf or such as from 0.2 A/dhio 1 A/dnf.

A light source is positioned to illuminate the seamductor wafer with light energy. The
light source can be, for example, a fluorescemttdd lamp which provides energy within the



1 g/L pH 9.5 Temperature 60 C The silver electroplated panels were rinsed with deionized water at
room temperature and air dried. Each silver electroplated panel was then tested for the adhesion of the
silver layers to the nickel surface. Adhesion testing was done using the ASTM B571, Scribe-Grid and
Tape Test. Tape was applied to the silver layers of each panel and pulled from the panel. None of the
tape test samples showed any observable silver deposits on the tape; however, the surface of the silver

on all of [{ERABFEHAE IitH TEUARRFAANCES FafeM-l cAyeERiNET AlTKRSY I RRNMRS
prepared as shown in the table below. 10 Table 3 COMPONENT AMOUNT
light sources may be used, such as, but not limdeshcandescent lamps such as a 75 watt and

250 watt lamps, mercury lamps, halogen lamps altDavatt IR lamp.

After the silver metal is deposited adjacent trekel, the semiconductor is then sintered
to form nickel silicide. Sintering is done withetisilver deposited onto the nickel surface to
improve adhesion between the silver and nickehteging with the silver plated onto the nickel
increases the window for sinteringn other words, sintering may be prolonged aitvargpeak
temperature over conventional processes to praomg@eoved bonding between the nickel and
the silicon without concern for damage to the walermany conventional processes keeping
the semiconductor in the oven at a given tempegdtrrtoo long may cause the nickel to diffuse
too deeply into the wafer penetrating the emitgel thus shunting the wafer. The improved
bonding between the nickel and the silicon redticegrobability of adhesion failure between
the nickel silicide and the silver. Further, si&not incorporated into the silicide by the
sintering temperatures, thus nickel silicide isried with the silver protecting the nickel from
oxidation during sintering. A furnace providingvafer peak temperature of 38C or greater or
from 400 C to 550 C may be used. Peak temperatures exceeding 6&f¢ it used because
at such high temperatures both nickel silicide mic#el disilicide may be formed. The
formation of nickel disilicide is undesirable besaut has a high contact resistance which
reduces current flow in the semiconductor waf€ypically, peak temperature times range from

2 seconds to 20 seconds. An example of a suifablace is a lamp based furnace (IR).

Since the silver layer protects the nickel fromdation during sintering, sintering may be
done in an oxygen containing environment as opptsead inert gas atmosphere or vacuum.
Accordingly, the steps and equipment requiredmitesing in an inert or vacuum environment
are eliminated along with the costly apparatus ireguor such procedures. Also, the
elimination of special inert gases further redubescost and complexity of the sintering
process. In general, sintering is done for 3 neaub 10 minutes. Line speeds at which the
semiconductor passes through the furnace may wpgrdling on the furnace used. Minor
experimentation may be done to determine the apjatedine speed. Typically, the line speed

is from 330 cm/minute to 430 cm/minute.



Silver ions as silver 5,5-dimethyl hydantoin 1 g/L 5,5-dimethyl hydantoin 70 g/L Sulfamic acid 35 g/L
Potassium hydroxide 30 g/L Potassium nitrate 20 g/L_pH 9.5 Six nickel pre-plated copper test panels
50x50mm were electroplated with the silver strike sofution. Each panel was placed in a separate
electroplating solution containing the silver strike in Table 3 above. The panels functioned as cathodes
and platinised titanium electrodes were used as anodes. The cathodes, silver strike solutions and anodes

were joined in el iciRe YTHIBIHARAIINR PstAKY eafiaRh AT RE YU AHREATHIPHrRRHERA siR/iCe

Electroplating was done for 20 seconds at a current density of 0.5 A/dm2. A silver strike layer of 0.1m
thick Wagqj@dggggpgﬁ%gﬁ %@pkel containing substrateaddition, the subsequent silver layers

plated on the silver strike have a mirror brighigh. Since the silver electroplating solution is
free of cyanide it eliminates the toxic dangersnainy conventional silver electroplating
solutions and is environmentally friendly. The huats and silver electroplating solutions may
be used to deposit mirror bright silver layers arkel containing substrates in decorative
applications, electronic applications as well asplmotovoltaic applications. They may also be
used in the formation of nickel silicides in therf@tion of current tracks for photovoltaic

devices.

The following examples are included to illustrdte tnvention but are not intended to

limit the scope of the invention.

Example 1

An aqueous silver strike solution wasgared as shown in the table below.

Table 1
COMPONENT AMOUNT
Silver ions as silver 5,5-dimethyl hydantoin 1g/L
5,5-dimethyl hydantoin 70 g/L
Sulfamic acid 35¢g/L
Potassium hydroxide 30 g/L
pH 9.5

Six nickel pre-plated copper test panels 50x50nmerevelectroplated with the silver
strike solution. Each panel was placed in a sép&lactroplating solution containing the silver
strike in Table 1 above. The panels functionedatisodes and platinised titanium electrodes
were used as anodes. The cathodes, silver stikgans and anodes were joined in electrical
communication to a conventional rectifier whichyaded the current source. Electroplating was
done for 20 seconds at a current density of 0.5nA/dA silver strike layer of 04im thick was



After the silver strike was electroplated adjacent the nickel, the silver plated panels were rinsed with
deionized water at room temperature. The panels were then electroplated with an additional 5m silver
layer from a silver electroplating solution as shown in"Table 2 in Example 1. The silver electroplated
panels were rinsed with deionized water at room temperature and air dried. Each silver electroplated
panel was then tested for the adhesion of the silver layers to the nickel surface. Adhesion testing was
done usiggHaRifta 1o BadH parebe-Grid and Tape Test. Tape was applied to the silver layers of each
panel and pulled from the panel. None of the tape test samples showed any observable silver deposits on

the tape. In additigartththsigepdiadbesidRewiptiteipttatee Hiekslvelcdspesiisied maimerbriaht

appearances. This was an improvement over the silver deposits in Examglle 1 above. 11 Example 3 An

aqueous "§IveH Wike & [Br S AP LS BHSAANHRAS RIS Mo b RISFERMAERENE N AN
AMOUN pddiveh@prashleerausaiimiassihvalcfasarapraiie 6o atioditthangswiosinisotents in

Table 2 below. Electroplating was done at 5 A/dm

Table 2
COMPONENT AMOUNT
Silver ions as silver 5,5-dimethyl hydantoin 40 g/L

5,5-dimethyl hydantoin 70 g/L
Sulfamic acid 35¢0/L
Potassium hydroxide 30 g/L

Grain refiner(s) 1g/L

pH 9.5
Temperature 60° C

The silver electroplated panels were rinsed déionized water at room temperature
and air dried. Each silver electroplated panel tnas tested for the adhesion of the silver layers
to the nickel surface. Adhesion testing was dasiegithe ASTMB571,Scribe-Grid and Tape
Test. Tape was applied to the silver layers ohgmmel and pulled from the panel. None of the
tape test samples showed any observable silvessdspm the tape; however, the surface of the

silver on all of the panels had dull to milky appe®es.

Example 2

An aqueous silver strike solution was prepareshasvn in the table below.



2 g/L Potassium hydroxide Adjust pH to 9.5 Temperature 25 C Six nickel pre-plated copper test
panels 50x50mm were electroplated with the silver 1igike solution. Each panel was placed in a separate
electroplating solution containing the silver strike in Table 4 above. The panels functioned as cathodes
and platinised titanium electrodes were used as anodes. The cathodes, silver strike solutions and anodes
were joined in electrical communication to a conventional rectifier which provided the current source.
Electroplating was done for 20 seconds at a curreftgdgnsity of 0.5 A/dm2. A silver strike layer of 0.1m
thick was deposited on each nickel panel.  After the silver strike was electroplated adjacent the nickel,

the silveér plated panelspeeptysed\with deionized whater at room tempgiigigignThe panels were then
electroplated with an additional 5m silver layer from a silver electroplating solution containing silver as
silver syccwiifgoddaSEE LB stigipiating aotilivBWsed to plate the additionaggilver layers included the
comporients in Table 5 below. Table 5 COMPONENTAMOUNT Silver ions as silver succinimide4Q g/L 12
Succinimide 5,5-dimethyl hydantoin 70 g/L
Sulfamic acid 35¢g/L
Potassium hydroxide 30 g/L
Potassium nitrate 20 g/L
pH 9.5

Six nickel pre-plated copper test panels 50x50merevelectroplated with the silver
strike solution. Each panel was placed in a sép&lactroplating solution containing the silver
strike in Table 3 above. The panels functionedatisodes and platinised titanium electrodes
were used as anodes. The cathodes, silver stikgans and anodes were joined in electrical
communication to a conventional rectifier whichyaded the current source. Electroplating was
done for 20 seconds at a current density of 0.5nA/dA silver strike layer of 04m thick was

deposited on each panel.

After the silver strike was electropthtedjacent the nickel, the silver plated panelswer
rinsed with deionized water at room temperaturke panels were then electroplated with an
additional um silver layer from a silver electroplating solutias shown in Table 2 in Example
1.

The silver electroplated panels weresethwith deionized water at room temperature and
air dried. Each silver electroplated panel was tlested for the adhesion of the silver layers to
the nickel surface. Adhesion testing was donegufia ASTMB571,Scribe-Grid and Tape
Test. Tape was applied to the silver layers ohgmmel and pulled from the panel. None of the
tape test samples showed any observable silveisdepm the tape. In addition to the good
adhesion results, the surface of the silver depbsitl mirror bright appearances. This was an

improvement over the silver deposits in Examplédva.



70 g/L Methanesulfonic acid 2 g/L Grain refiner(s) 1 g/L Potassium hydroxide Adjust pH to 9.5
Temperature 30 C The silver electroplated panels were rinsed with deionized water at room
temperature and air dried. Each silver electroplated é) nel was then tested for the adhesion of the silver
layers to the nickel surface. Adhesion testing was done using the ASTM B571, Scribe-Grid and Tape
Test. Tape was applied to the silver layers of each panel and pulled from the panel. None of the tape test
samples showed any observable silver deposits ppdhg iame; however, the surface of the silver deposits
had dull to milky appearances. Example 4 An aqueous silver strike solution was prepared as shown in

the table kelawudaiesfver strike solution was preparechasva in the table below.

Table 4
COMPONENT AMOUNT
Silver ions as silver succinimide 1g/L
Succinimide 70 g/L
Methanesulfonic acid 2 g/lL
Potassium hydroxide Adjust pH t0 9.5
Temperature 25°C

Six nickel pre-plated copper test panels 50x50nmarevelectroplated with the silver
strike solution. Each panel was placed in a sép&lactroplating solution containing the silver
strike in Table 4 above. The panels functionedatisodes and platinised titanium electrodes
were used as anodes. The cathodes, silver stikgans and anodes were joined in electrical
communication to a conventional rectifier whichyaded the current source. Electroplating was
done for 20 seconds at a current density of 0.5nA/dA silver strike layer of 04m thick was

deposited on each nickel panel.

After the silver strike was electropthtedjacent the nickel, the silver plated panelswer
rinsed with deionized water at room temperaturke panels were then electroplated with an
additional um silver layer from a silver electroplating soluticontaining silver as silver
succinimide. The silver electroplating solutiored$o plate the additional silver layers included

the components in Table 5 below.

Table 5

COMPONENT AMOUNT

Silver ions as silver succinimide 40 g/L




COMPONENT AMOUNT Silver ions as silver succinimide 1 g/L Succinimide 70 g/L Methanesulfonic acid
2 g/L Potassium hydroxide 30 g/L Potassium nitrate fzo g/L pH 9.5

Succinimide 70 g/L
Methanesulfonic acid 2 g/L
Grain refiner(s) 1g/L
Potassium hydroxide Adjust pH t0 9.5
Temperature 30° C

The silver electroplated panels were rinsed witioaized water at room temperature and
air dried. Each silver electroplated panel was tiested for the adhesion of the silver layers to
the nickel surface. Adhesion testing was donegugia ASTMB571,Scribe-Grid and Tape
Test. Tape was applied to the silver layers ohgmmel and pulled from the panel. None of the
tape test samples showed any observable silvessdsmm the tape; however, the surface of the

silver deposits had dull to milky appearances.

Example 4

An aqueous silver strike solution was preparechasva in the table below.

Table 6
COMPONENT AMOUNT
Silver ions as silver succinimide 1lg/L
Succinimide 70 g/L
Methanesulfonic acid 2 g/L
Potassium hydroxide 30 g/L
Potassium nitrate 20 g/L
pH 9.5

Six nickel pre-plated copper test panels 50x50merevelectroplated with the silver

strike solution. Each panel was placed in a sép&lactroplating solution containing the silver



Six nickel pre-plated copper test panels 50x50mm were electroplated with the silver strike solution. Each
panel was placed in a separate electroplating solution containing the silver 13 strike in Table 6 above.
The parts functioned as cathodes and platinised titarttum electrodes were used as anodes. The cathodes,
silver strike solutions and anodes were joined in electrical communication to a conventional rectifier which
provided the current source. Electroplating was done for 20 seconds at a current density of 0.5 A/dm2. A

silver strikgilayf{ PhBId B Hyelevasiiepariat nticAEAKESE DR platiméed e mlve etk UaS were

electroplated adjacent the nickel, the silver plated panels were rinsed with deionized water at room

temperatif€diaRanaias wehe srRineiesy Shraeatiih I ENE RIRI SYGIGPIRPE: it He SHCSiver
electroplatRgnseHiERidR (tPRISon W fsHaPIR difier WHIEBYRIESS EOPIBIREHaRRS WRIG IRty itas

deionized water at room temperature and air dried. Each_silver electroplated panel was then tested for the

adhesiorfN@ SRR BRERNES AR RS IRRRY, Adhaarrailieg SHkee UMM TWeB 571,

Scribe-Gydyid@pf £8eh hReWamapplied to the silver layers of each panel and pulled from the panel.
None of the tape test samples showed any observable silver deposits on the tape. In addition to the good

adhesion results\ftae sierarRpbthresigs derasipiiiagdoanotisialiiepaerrsneesplHi Wwas &kewer
improvement over the silver deposits in Examples 1 and 3 above. 14 What is claimed is: 1.A method

comprisinSed WItly ARRAIEEY WabH QM FBRG BRERS PR s¥feenAlRatiBRAEHI Y ABre

imides orqfnifie Gier el vasandyendrormpecsilkaligreirbpitiatess tha Britiise & oExisepres. b)
contacting a substrate comprising nickel with the solution; and c) electroplating a silver strike layer
onto the nickel ornséckiblealieigctroplated panels wersethwith deionized water at room temperature and

air dried. Each silver electroplated panel was tiested for the adhesion of the silver layers to
the nickel surface. Adhesion testing was donegugia ASTMB571,Scribe-Grid and Tape

Test. Tape was applied to the silver layers ohgmmel and pulled from the panel. None of the
tape test samples showed any observable silvessdspm the tape. In addition to the good
adhesion results, the surface of the silver depbsitl mirror bright appearances. This was an

improvement over the silver deposits in Examplesd 3 above.



2.The method of claim 1, further comprising a step of electroplating a second silver layer onto the silver
strike layer. 3.The method of claim 1, wherein the silyer strike layer is 0.01m to 0.2m thick 4.The method
of claim 1, wherein the second silver layer is 1m to 50m thick. 5.The method of claim 1, wherein the silver
strike layer is electroplated at a current density of 0.1 A/dm2 to 2 A/dm2. 6.The method of claim 1,
wherein the alkali metal nitrates are potassium nitrate and sodium nitrate. 7.The method of claim 1,
wherein g, lpidesaraghesen from succinimide, 2,2-dimethyl succinimide, 2-methyl 2-ethyl succinimide,
2-methyl’succinimde, Z-ethyl succinimde, 1,1,2,2- tetramethyl succinimide, 1,1,2-trimethyl succinimide,
2-butyl syccinimigien sadeivddepAsneinyl-2-ethyl maleimide, 2-butyl maleimide, 1-methyl-2-ethyl
maleimide, pthalimide and pthalimide derivatives. 15 8.The method of claim 1, wherein the imide

derivatives are chosgrpfievitiimfarsointidn awiipiRiignteimdrs shorety ysiargoions, one or more

-di hyl in, 1- h I-5,5- di hylh i -diphenylh in.
> dlme?n?f(@/g %ptl%pde (Jgﬁ\t/a%g%ssségdd%nee%y mgpeagfﬁgtgmit?é?edsl,pth%ngoIgggrrl] tglrclyanide-free;

b) contacting a substrate compgisiitkel with the solution; and

c) electroplating a silver strilkegér onto the nickel or nickel alloy.

2. The method of claim 1, further comprisingepsof electroplating a second silver layer

onto the silver strike layer.

3. The method of claim 1, wherein the silverk&ttiayer is 0.0im to 0.2um thick.
4, The method of claim 1, wherein the seconcesilayer is im to 5Qum thick.
5. The method of claim 1, wherein the silverk&tiiayer is electroplated at a current density

of 0.1 A/dnf to 2 A/dnf.

6. The method of claim 1, wherein the alkali meialates are potassium nitrate and sodium
nitrate.
7. The method of claim 1, wherein the imidesdresen from succinimide, 2,2-dimethyl

succinimide, 2-methyl 2-ethyl succinimide, 2-metbhytcinimde, 2-ethyl succinimde, 1,1,2,2-
tetramethyl succinimide, 1,1,2-trimethyl succinigj@-butyl succinimide, maleimide, 1-
methyl-2-ethyl maleimide, 2-butyl maleimide, 1-mgtR-ethyl maleimide, pthalimide and
pthalimide derivatives.
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8. The method of claim 1, wherein the imide datiles are chosen from hydantoin, 1-
methylhydantoin, 1,3-dimethylhydantoin, 5,5-dimdttyglantoin, 1-methanol-5,5-
dimethylhydantoin and 5,5-diphenylhydantoin.



