1 METAL DUPLEX AND METHOD The present invention is directed to a netal
duplex with a tin or tin alloy |ayer and nethod of neking the netal duplex
with the tin or tin alloy |ayer. Mre specifically, the present invention
is directed to a netal duplex with a tin or tin alloy |ayer and nethod of
maki ng the netal duplex with the tin or tin alloy layer for inhibiting tin
and tin alloy corrosion and inproving tin and tin alloy solderability.
Prevention of corrosion of tin and tin alloys is a challenging problemin

numerous industries. The corrosion of tin and tin alloys has been
especially problematic in tMETALDUPLEX ANRMETHOD i ndustry where corrosion
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Lead frames or connectors are a means to electrically interconnect an IC unit to external

circuitry. The lead frame is formed from electrically conductive material such as copper or
copper alloys, or by stamping or etching a metal blank into a plurality of leads defining a central
area in which the IC unit is mounted.

The lead frames often have a surface finish of tin or tin alloy. There are several attachment
techniques by which the lead frames connect the IC units in an assembly. These include
wirebonding, soldering, die-attach and encapsulation. Typically soldering is the means of
joining the IC to the assembly. In all instances attachment requires a particular quality of the
lead frame surface. Typically this means that the surface is oxide free and ready for interaction
with other components such as gold or aluminum wire, silver filled epoxy or solder.

One problem is long term solderability, defined as the ability of the surface finish to melt
and make a good solder joint to other components without defects that impair the electrical or

mechanical connection. Generally, soldering is an attachment procedure that usually involves



2 three materials: (1) the substrate, (2) the conponent or other device
which is desired to be attached to the substrate, and (3) the sol dering
material itself. There are many factors that determ ne good sol derability,
the three nost inportant of which are extent of surface oxide formation
(corrosion), anmount of co-deposited carpon, and extent of internmetallic
conpound formation. Surface oxide formation is a natural occurring process
because it is thernodynam cally favorable. The rate of formation of the
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to prevent or minimize exposure of the tin plated surface to elevated temperatures for extended

periods of time.

It is relatively easy to achieve 1), but it is difficult to achieve 2). The temperature and the

time of subsequent post treatment after plating of a tin or tin alloy deposit are typically dictated

by the assembly specifications and existing manufacturing layout and practice. For example, in

“two tone” lead frame technology, after the tin or tin alloy plating, the entire IC unit goes

through many process steps (i.e., a long period of time for such treatments) which require

multiple thermal excursions at temperatures as high as 175° C. Inevitably, more and thicker

surface oxide forms, and this in turn reduces the solderability of the tin or tin alloy deposit. In

current processing, these additional steps may not be omitted since the final components and

assemblies would not be complete. Therefore, it is desirable to find ways to prevent or minimize

surface oxide formation on such parts.



surface oxide formation on such parts. 3 One nethod of addressing the
surface oxide problemis to introduce a confornmal coating on the surface of
the tin or tin alloy deposits. This technol ogy may be summarized in two
general categories: one that applies a precious netal coating and the other
that applies an organic coating. The first category is undesirable for the
protection of tin or tin alloy deposits3because it introduces an expensive,
extra step. The second category also is undesirable because it may
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el ectrical devices conprom sing the performance of the devices.

that incorporating trace amounts of phosphorous into the deposits reduces the formation of

surface oxide on the deposits. The phosphorous compounds are included in the metal and metal

alloy electroplating baths, and are co-deposited with the metal or metal alloy.

Although there are methods which attempt to address the surface oxide problem on metal
deposits, there is still a need for improved methods for inhibiting surface oxide formation on
metal finishes and improving solderability.

Methods include depositing a nickel layer on a substrate, depositing a layer of nickel
phosphorous on the nickel layer and depositing tin or tin alloy on the nickel phosphorous layer.
The combination of the nickel and nickel phosphorous layers inhibit or prevent oxide formation
on the surface finish as well as underlying metal layers, thus improving solderability. Oxide

formation is undesirable since it may cause electrical malfunctions of metal components in

electrical devices compromising the performance of the devices.



4 |In another aspect, nethods include depositing 1 mcron to 10 mcrons of a
ni ckel |ayer on a substrate, depositing 0.1 mcron to 5 mcrons of a nickel
phosphorous | ayer on the nickel layer, and depositing atin or tin alloy

| ayer on the nickel phosphorous layer. In a further aspect, articles include
a nickel layer on a substrate, a nickel phosphorous |ayer on the nickel

| ayer and a tin or tin alloy |ayer on the nickel phosphorous |ayer. As used
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Optionally, prior to metallization the substrate may be cleaned. Any suitable cleaning
process may be used which is acceptable in the metallization arts. Typically, the substrate is
ultrasonically cleaned in a cleaning solution. Such cleaning solutions may include silicate
compounds, alkali metal carbonates and other compounds such as alkali metal hydroxides, glycol
ethers and one or more chelating agents. Cleaning may be done at temperatures from 30° C to
80° C.

Optionally, following the cleaning step, the substrate may be activated with a suitable acid
such as a mineral acid. Dilute concentrations of mineral acids are used. An example of such an
acid is sulfuric acid. However, other mineral acids may be used such a hydrochloric acid and
nitric acid. The acids are used at conventional concentrations well known in the art. Activation
typically is done at temperatures from room temperature to 30° C.

The substrate is then plated with a deposit of nickel metal. Bath temperatures range from

30° C to 70° C or such as from 40° C to 60° C.



30 Cto 70 C or such as from40 Cto 60 C. 5 Any suitable nickel plating
bath may be used to deposit the nickel |ayer on the substrate. Such nickel

pl ati ng baths include one or nore sources of nickel ions. Sources of nickel
ions include, but are not limted to, nickel halides such as nickel
chloride, nickel sulfate and nickel sulfamate. Such sources of nickel ions
are included in the nickel baths in anmbunts of 50 gL to 500 gnmL, or such
as from100 gmL to 250 gniL. In addition to the one or nore sources of

ni ckel ions, the nick pl ati bat hs include .one or nore additives.
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1- ( ( 3- hydr dXthet brighyeners 1nclude ut are not limited to, reaction products of epoxides with
alphahydroxy acetylenic alcohols such as diethoxylated 2-butyne-1,4-diol or dipropoxylated 2-
butyne-1,4-diol, N-heterocyclics, other acetylenic compounds, active sulfur compounds and dye-
stuffs. Examples of such brighteners are 1,4-di-(B-hydroxyethoxy)-2-butyne, 1,4-di-(3-hydroxy-
y-chloropropoxy)-2-butyne, 1,4-di-(B-,y-epoxypropoxy)-2-butyne, 1,4-di-(B-hydroxy-y-
butenoxy)-2-butyne, 1,4-di-(2’-hydroxy-4’-oxa-6’-heptenoxy)-2-butyne, N-(2,3-dichloro-2-
propenyl)-pyridinium chloride, 2,4,6-trimethyl N-propargyl pyridinium bromide, N-
allylquinaldinium bromide, 2-butyne-1,4-diol, propargyl alcohol, 2-methyl-3-butyn-2-ol,
quinaldyl-N-propanesulfonic acid betaine, quinaldine dimethyl sulfate, N-allylpyridinium
bromide, isoquinaldyl-N-propanesulfonic acid betaine, isoquinaldine dimethyl sulfate, N-
allylisoquinaldine bromide, disulfonated 1,4-di-(B-hydroxyethoxy)-2-butyne, 1-(j3-
hydroxyethoxy)-2-propyne, 1-(B-hydroxypropoxy)-2-propyne, sulfonated 1-(B-hydroxyethoxy)-
2-propyne, phenosafranin and fuchsin. Such brighteners are included in conventional amounts

such as 5 mg/L to 1000 mg/L, or such as from 20 mg/L to 500 mg/L.



2- propyne, phenosafranin and fuchsin. Such brighteners are included in
conventional anobunts such as 5 ng/L to 1000 ng/L, or such as from20 ng/L
to 500 ng/L. 6 Any suitable surface active agent nay be used. Such surface
active agents include, but are not limted to, ionic surfactants such as
cationic and anionic surfactants, non-ionic surfactants and anphoteric
surfactants. Surfactants nmay be used i 6 conventional anmounts such as, for
exanple, 0.05 gmL to 30 gmL, or such as from1l gmL to 20 gmL or such as
from5 gmL to 10 gm L. An exanple of a suitable surfactant is naphthal ene
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may be used _in conventional anmounts to tailor the nickel layer to a desired
matt, s eﬁﬂf@&ff“ &S/Bright finish.

The pH of the nickel baths may range from 1 to 10, or such as from 3 to 8. The pH of the
nickel baths may be maintained by a variety of means. Any desired acid or base may be used,
and any inorganic acid, organic acid, inorganic base, or organic base may be used. Besides acids
such as sulfuric acid, hydrochloric acid, or sulfamic acid, acids used as chelating agents such as
acetic acid, amino acetic acid or ascorbic acid also may be used. Besides inorganic bases such as
sodium hydroxide or potassium hydroxide and organic bases such as various types of amines,
bases such as nickel carbonate also may be used. In addition, a pH buffering ingredient such as
boric acid may be used if the pH tends to fluctuate due to operating conditions. The buffers may
be added in amounts as needed to maintain a desired pH.

Other additives may be added to the nickel metal plating baths which are conventional and
well known to those of skill in the art. They may be used in conventional amounts to tailor the
nickel layer to a desired matt, semi-bright or bright finish.

Nickel is deposited on the substrate until a nickel layer of from 1 micron to 10 microns, or
such as from 2 microns to 5 microns is formed on the substrate. The nickel layer is then plated

with a layer of nickel phosphorous using a nickel phosphorous bath.



Ni ckel is deposited on the substrate until a nickel layer of from1 mcron
to 10 mcrons, or such as from2 mcrons to 5 mcrons is forned on the
substrate. The nickel layer is then plated wth a | ayer of nickel
phosphor ous using a nickel phosphorous bath. 7 The nickel phosphorous bath
i ncl udes one or nore sources of nickel ions as described above, and may

i nclude one or nore of the additives as’described above. In addition, the
ni ckel phosphorous bath includes one or nore sources of phosphorous. Any
sui tabl e phosphorous acid or phosphoric acid or salt thereof and m xtures
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Such acids are commercially ’avacl)iEable or may be made according to methods described in the
literature.

The nickel phosphorous layer is deposited on the nickel layer at the same bath temperatures
as the nickel layer is deposited on the substrate. Deposition continues until a nickel phosphorous
layer of 0.1 microns to 5 microns or such as from 0.2 microns to 1 micron is deposited on the
nickel layer to form a duplex.

Typically, the weight ratio of nickel to nickel phosphorous in the duplex is from 2:1 to 8:1.
The nickel and nickel phosphorous layers may be deposited by any suitable electrolytic
deposition method known in the art. Conventional plating apparatus may be used to deposit the
nickel and nickel phosphorous layers. Current densities may range from 1 ASD to 20 ASD, or
such as from 5 ASD to 15 ASD.

Typically, the nickel and nickel phosphorous duplex layer is 2 to 3 microns thick. After the
nickel and nickel phosphorous layers are deposited on the substrate, a tin or tin alloy surface

finish is deposited on the nickel phosphorous layer. Any suitable tin or tin alloy bath may be



such as from5 ASD to 15 ASD. Typically, the nickel and nickel phosphorous
duplex layer is 2 to 3 mcrons thick. After the nickel and nickel
phosphorous | ayers are deposited on the substrate, a tin or tin alloy
surface finish is deposited on the nickel phosphorous |ayer. Any suitable
tin or tin alloy bath may be 8 wused. gources of tin ions for the baths

I ncl ude, but are not |limted to, tin sulfate, tin alkyl sulfonates, such as
tin sulfonate, tin al kanol sulfonic acid, and tin halides, such as tin

chl ori deed. Sduvecesiofitihadn3 fad the bathy inchudle kol arel nec timitey tog sin Sulddte,am Akytlf uri c aci d,

al kyl su|fonates, alkanal sulfgnates and halide salts to, provi an
ol ett r SUUBHHRTCHIE &S R ShiSnatesiip plkapol spltonie gﬂ%&@ Tipdlify PRI RN ERF. s

ot her cpRMRYaPNM madtHolddé@RecirBlyRis QUEIR saIffesididRlg ] bhlfonaaY Slikande anmount s
of the conponents are conventional and are well known in the art and may be

obt ai nestlfenaten and balide salip tox proide an glectro-¢anugdve mattixUSsrfagagyalse@my 8¢ scl ose
sui tabl.e .;tin elegtroplatin ths, .S, 4 0,507 .and L. S, 994, 155
G s o Betbdd o el s Ber bofniehal diticie o[ R0\ bivet. fhe dbnn3s, o
tin al lthySoniExemts ateSvérivhalcind @re Well kiin inithé Areshd Bay bé Obtainbd Gom the
tin-copper-silver and tin- silver, tin-bismuth, tin-nickel, tin-antinony,
tin-i nditerauend) Si 324887 amslsS- P87 hith heliselage bl ta lssirerlanashaths (% al | oys
are kn%dﬂbﬁaﬂ@ ] @ﬁl‘,jl sc%e%ﬂd’l‘)!lenﬁrg-lefa& ﬁ@iﬁ%ﬁatbé.tﬁlraﬁﬁwoﬁ 10 {m-?eaﬁ,' n and
table t hod he art.

tin alldy fmay be depdsited by any sui nown in t

Typi caldther tindoys maybelused nncdiding, dutines lisefed $0,ttmecopper, tis-coppsk-eilvgrland ior ous

| ayer electrolytically.. Typically, tin.,or tin.alloy.d sition i.ss carried
out u_ntsillr’era{l?'llbﬁnﬁ‘?h’tt‘i“FPI%heIY’gw'?né Yofr-igin ﬁr}d(;t_r‘fb'z‘f‘& g@&‘ﬁgg’?‘gﬁtg’ns ¥ ol ated on
the ni cdepbsifkOsBh €h QUSys a2Y Riowr3RINBE ar hiyd mhiBe bbthinad Sok the tertirebat h
tenperatures range from15 Cto 40 C, or such as from25 Cto 30 C. The

current ded®gtipandtin glioxmpy Ye fepasited bysmytsyitade method dnown dmthgertf dypically ASD t o

denst 1y FLR I BlotpafUet gl e APk phoopl R R AN GRAPHBT TR

condi t ithner tiratlod idepdsito@ds cdrried vt untit 2timbtitiallodf lhygr of he niictonoto 30 micednk Oy
| ayer i,s deposited o he ni ckel phosphorous layer, the tin or tin alloy
| ayer dﬁﬂ@?ﬁé’ééhea“‘f"é%]lphwpﬁf’%é F’fRef | ow may be by heating, by vapor phase

reflow | a%%heranf,fth@m aitl &% 5oy EAVER PRl AR RIS 0G0 30° €] SShEh &
current through the tin or tin alloy, or b ot her methods of heating the

tin or fram25 Céy30°BoVhe curednt dersifyiistypical dtASIa to SusRD; ef sushvas fromcesses

o =LA RPARASD, AR5 ol £ 2 ASE 45207 R i 1o 100
C t o 35f2néity ukbétd plite @i dnd Binallo@ymBaRye tRdRMank GlichaplgiingeddniRionOsredisclosée at a
in the literature.
After the tin or tin alloy layer is deposited on the nickel phosphorous layer, the tin or tin
alloy layer undergoes a reflow process. Reflow may be by heating, by vapor phase reflow, laser
reflow, plasma, oven melting and passing an electrical current through the tin or tin alloy, or by
other methods of heating the tin or tin alloys above their liquidus temperature. Such reflow
processes are well known in the art.
Typically, reflow is done in a conduction/convection oven. Temperatures for the reflow
may range from 100° C to 350° C. The tin or tin alloy may remain for a given period of time at a
temperature zone within the range and then heated to the next higher temperature zone.
Typically the tin or tin alloys remain at a temperature zone for 20 seconds to 50 seconds. At the
end of the reflow cycle, the tin or tin alloy is cooled to room temperature.

The article formed by the methods described above includes a substrate plated with a nickel

layer and a nickel phosphorous layer over the nickel layer to form the duplex. Phosphorous



tenperature zone within the range and then heated to the next higher
tenperature zone. Typically the tin or tin alloys remain at a tenperature
zone for 20 seconds to 50 seconds. At the end of the reflow cycle, the tin
or tin alloy is cooled to roomtenperature. The article fornmed by the

met hods descri bed above includes a substrate plated with a nickel |ayer and
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suitable substrate. Typically such substrates are metals or metal alloys. Suitable metals include,
but are not limited to, copper, iron, and their alloys, stainless steel, and precious metals such as
gold, platinum, palladium, silver and their alloys. Typically, the substrates are copper, copper
alloys, iron and iron alloys. Suitable copper alloys include, but are not limited to, copper-tin,
copper-silver, copper-gold, copper-silver-tin, copper-phosphorous-gold, copper-zinc, copper-
silver-magnesium, copper-iron-zinc, copper-tin-nickel-silicon, copper-zirconium, copper-iron-
phosphorous-zinc and copper-nickel-silicon-magnesium. Suitable iron alloys include, but are not
limited to, iron-copper and iron nickel. Such substrates include, but are not limited to,
components of electrical devices such as printed wiring boards, connectors, bumps on wafers,
lead frames as well as passive components such as resistors and capacitors for IC units.

The following embodiments of the invention are included to further illustrate the invention

and are not intended to limit its scope.



phosphor ous-zi nc and copper-nickel -silicon-magnesium Suitable iron alloys

include, but are not I|imted to, iron-copper and iron nickel. Such
substrates include, but are not limted to, conponents of electrical
devi ces such as printed wiring boards, connectors, bunps on wafers, |ead

frames as wel |l as passive conponents sygh as resistors and capacitors for IC
units. The follow ng enbodi nents of the invention are included to further
illustrate the invention and are not intended to limt its scope. 10
Exanple 1 (Conparative) N ne (BlangsippéCehparatiddoy | ead frames were
ultrasonical.ly cl eaned at 65 for 30 seconds ni ng sol ution
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U S A ter cleaning, frame was then Inmersed into a
sol ut | aon@ining@eaning confpositioh nbtamablegfrcmdBomulaﬁdl Haas Gempanyt, PhidasleiphenPAr at ur e
for [zsconds Each |l ead frame was then plated with a nickel |ayer ranging
from1 ¢‘on to 2 microns. The nickel bath used to pl ate each | ead frane
had the fonfet desisg leasifidad frathd a8 thkn Maeed IndBh Follti S MPOYENTL ENEINTARATI ON

Ni ckel Sul famate 125 glL Nickel Chloride 8 g/L Boric Acid 35 g/L
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cont ai rhad thet foem@h distlosddyiniTablei Ictheddw.bat h. The | ead frame functioned as a

cat hode and the anode was a sulfurlguﬁﬁgl el ectrode. The ni ckel bath was
paddl e agitated during nickel deposi i. The pl ati ng appar at us was

connedted to a coromraNEdmal rectifijer. Curr eriONGENERATYON anged from 5 ASD to
10ASD. [ NrckeldepgRi siifkeas J0Me OVET a period ghef seconds to 90 seconds
to pr \II rlo t hn n| clal | avers—on the ! ead franres nh+ IQ\ nf the ead
" Nickel Chlorid® ’ .
frameg.with a layer of nickel were then plated withfa Iaver of ni ckel
Boric Acid 35gL
Sulfonated Naphthalene Compound 0.5gL
Benzosulfimide Compound 5glL
Aldehyde 0.5gL
Water Balance

The pH of the nickel bath was 4 and the temperature of the bath was 55° C. Each lead
frame was placed in a Hull cell containing the electrolytic nickel bath. The lead frame
functioned as a cathode and the anode was a sulfur/nickel electrode. The nickel bath was paddle
agitated during nickel deposition. The plating apparatus was connected to a conventional
rectifier. Current density ranged from 5 ASD to 10ASD. Nickel deposition was done over a
period of 4 seconds to 90 seconds to provide the nickel layers on the lead frames.

Eight (8) of the lead frames with a layer of nickel were then plated with a layer of nickel

phosphorous using the bath formulation disclosed in Table 2 below.

TABLE 2
COMPONENT CONCENTRATION
Nickel Sulfamate 125 g/L
Phosphorous Acid 50 g/L
Boric Acid 35g/L
Diglyceryl Ether 30 mg/L
Salt of an Alkyl Hydrogen Sulfate 1 gm/L
Water Balance




phosphorous using the bath fornul ation disclosed in Table 2 bel ow. TABLE 2
COVPONENT CONCENTRATI ON  Ni ckel Sulfamate 125 g/L Phosphorous Acid 50 g/L
Boric Acid 35 g/L Diglyceryl Ether 30 ng/L Salt of an Al kyl Hydrogen
Sulfate 1 gmL Water Bal ance 11 The nickel phosphorous bath had a pH of 1.5
and was at a tenperature of 55 C during electroplating. N ckel phosphorous
deposition was done in a Hull cell wthipaddle agitation at current
densities of 5 ASD to 10 ASD. El ectroplating was done on eight (8) of the

ni ckel plated |ead franmes over a period of 16 seconds to 94 seconds to
provi de ni ckel phosphorous | ayers of varying t hi ckness. The thickness of

of the | ead EAGRECO P PSR ToF L8dhwas B iPPetalie oL BTG AMING & tin
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profile was 125 Cto 180 Cto 240 Cto 260 Cto 240 C and then cool ed down
to roonf™%Mperature. Each lead frane renmmined in each tenperature zone for

30 seconds.Aiffihe bf thefidaairantddSver&then bleadditatv®ine BYIRBRINEShdiRihg AWl ace
oxidation of the tin |ayer after being exposed to air for 54 hour s.
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di scol ofati

pl at ed hdri. tIheplaumi(@hs daneen rcmndten@bratdieat aduetent dqobmysohmms tbﬁmecm rated
a 5 because there was, cl e%‘;ﬁgdl ?col oratlo The | ead franme had purple stains
across its Allpingetthefindlatedlend framespgieplaced ip 3 Sikama Falepah $90e pl ated wi t h

t he dumnaﬁctfawceh\?éeﬁbn BlRaSBhRo Ay ﬁlelr%ﬁelﬁye?él eFheltBifpdtatufEprotiftipas 1986 € hat ed 1.
They had some white discoloration but did not SROM/the severe di scoloration
as the 188€ tbr2d40eCubhi260P Qita2405tC araltben ¢pwled down to room temperature. Each lead
frame remained in each temperature zone for 30 seconds.
After reflow, the lead frames were examined for surface oxidation of the tin layer after
being exposed to air for 24 hours. A visual inspection scale of 0 to 5 was used. If no visible
oxidation was observed, the lead frame was rated 0; and if there was serious discoloration, the
lead frame was given a 5. The lead frame which was plated with the nickel layer and not the
nickel phosphorous layer was rated a 5 because there was clear discoloration. The lead frame
had purple stains across its surface. The remaining eight lead frames which were plated with the
duplex of nickel phosphorous layer over the nickel layer were rated 1. They had some white
discoloration but did not show the severe discoloration as the lead frame which did not have the
duplex layer.
The results showed that the inclusion of a nickel phosphorus layer over a nickel layer

reduced surface oxidation of the tin layer in contrast to the lead frame which did not have the

duplex.

Example 2 (Comparative)

Nine (9) copper-tin alloy lead frames were ultrasonically cleaned at 65° C for 30 seconds in
a cleaning solution containing 100 g/L. of RONACLEAN™ CP-100, which is a silicate

containing composition.



dupl ex layer. The results showed that the inclusion of a nickel phosphorus

| ayer over a nickel layer reduced surface oxidation of the tin layer in
contrast to the lead frame which did not have the duplex. Exanple 2
(Conparative) Nine (9) copper-tin alloy |ead frames were ultrasonically
cleaned at 65 C for 30 seconds in a cleaning solution containing 100 g/L of
RONACLEANTM CP- 100, which is a silical2 containing conposition. 12 After
cl eaning, each lead frane was then inmmersed into a solution of 100 m /L of
technical grade sulfuric acid at roomtenperature for 10 seconds. Each | ead

frame was tHiR clspringcagh lgad framgiwag dhen ipynersed aptgiasglufipn af 10GinkE @f tachnigal
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Napht hal en und. | gl Bepzosul fi m de Conmpound 5 g/L. Al dehyde 0.5
g/ L Wat t@%ﬁ%ﬁﬁéCWW5“5$Wt¥ﬂ¥%€BéPWKeI bath was 3 and the tenperature of the
bath was 55 C. Each |lead frane was pdmigesl in a Hull cell containing the

el ectrolytic nickel bath The lead frame functioned as a cathode and the
anode mas a sul f ufPYFERAT el ectrode. | The ni ckefONE RSN paddl e agi t at ed
duri ng| ni ckel depddelSilfsmate The pl ati ng appar at us wa¥ etonnected to a
convenfironal T ecNickel @lorideCurrent dengirtires ranged §gom 5 ASD t o ASD

Ni ckel —geposition mssiang over—aperiod—of—4—secgpgs—to 96——seconts. Eight

(8) ofthe lead frames wth a layer pf nickel were en plated with a | ayer

of nickel pRYSHROYBHR SRR he bat h fornul ati on Wscl osed in Table 4
bel ow.| TABLE 4 BoaivWnieFm@@NCENTRATI ON 5gL
Aldehyde 0.5 g/l

Water Balance

The pH of the nickel bath was 3 and the temperature of the bath was 55° C. Each lead
frame was placed in a Hull cell containing the electrolytic nickel bath. The lead frame
functioned as a cathode and the anode was a sulfur/nickel electrode. The nickel bath was paddle
agitated during nickel deposition. The plating apparatus was connected to a conventional
rectifier. Current densities ranged from 5 ASD to 10 ASD. Nickel deposition was done over a
period of 4 seconds to 90 seconds.

Eight (8) of the lead frames with a layer of nickel were then plated with a layer of nickel

phosphorous using the bath formulation disclosed in Table 4 below.

TABLE 4
COMPONENT CONCENTRATION
Nickel Sulfamate 125 g/L
Phosphorous Acid 50 g/lL
Boric Acid 30g/L
Aminoacetic Acid 25g/L
Sulfonated Naphthalene Compound 0.5g/L
Diglyceryl Ether 35mg/L
Water Balance

The nickel phosphorous bath had a pH of 1 and was at a temperature of 55° C during
electroplating. Nickel phosphorous deposition was done in a Hull cell with paddle agitation at

current densities of 5 ASD to 10 ASD. Electroplating was done on the eight nickel plated lead
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nickel phosphorous was rated 5. The lead frame had purple stains across its surface. The
remaining eight lead frames plated with the duplex of nickel phosphorous layer over the nickel
layer were rated 1. Each had some white discoloration but did not show the severe discoloration
as the lead frame which did not have the duplex layer. The results showed that the inclusion of a
nickel phosphorous layer over a nickel layer reduced tin surface oxidation in contrast to a lead

frame without the duplex layer.

Example 3

The process disclosed in Example 1 above is repeated except that each lead frame is
electroplated at a current density of 10 ASD in a tin copper alloy plating bath to form a tin
copper alloy layer on the nickel phosphorous layers. The tin copper alloy plating bath includes
50 g/L of'tin as tin(II) methane sulfonate; 1 g/L of copper as copper(Il) methane sulfonate; 160
g/L free methane sulfonic acid, 27 g/L of ethoxylated beta naphthol; 7 g/L of ethoxylated
bisphenol A, 1 g/L of a brightener; 3 g/L of methacrylic acid; 0.8 g/L of a grain refiner and 5 g/L
of carboxymethylated polyethyleneimine having a molecular weight of 50,000 Daltons and a
degree of carboxylation of 80%, sold under the tradename TRILON ES9300.

After reflow and exposure to the air for 24 hours, no oxidation is expected to be observed

on the tin copper surface for the lead frames having the nickel and nickel phosphorous duplex.
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The process described in Example 2 is repeated except that the lead frames are plated with

a tin lead alloy layer instead of tin. Each lead frame is plated with a tin lead layer at a current
density of 5 ASD. The tin lead alloy bath includes 40 g/L of tin from tin methane sulfonate; 26
g/L of lead from lead methane sulfonate and 200 ml/L of methane sulfonic acid.

After reflow and exposure to air for 24 hours, no oxidation is expected to be observed on
the tin lead surface for the lead frames having the nickel and nickel phosphorous duplex. In
contrast, the tin lead layer on the lead frame only having the nickel layer is expected to show

oxidation.
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is expected to show oxidation. 15 Wat is clainmed is: 1. A nethod
conprising depositing a nickel layer on a substrate, depositing a nickel
phosphorous | ayer on the nickel layer, and depositing a tin or tin alloy

| ayer on the nickel phosphorous |ayer. 2. The nethod of claim11, further
conprising a step of reflowing the tinlbr tin alloy layer. 3. A nethod
conprising depositing 1 mcron to 10 mcrons of a nickel layer on a
substrate, depositing 0.1 mcrons to 5 mcrons of a nickel phosphorous

| ayer on the nickel |ayer, and depositing a tin or tin alloy |ayer on the
ni ckel phosphorous | ayer. 4. The nethod of claim 3, wherein a phosphorous
content of the nickel phosphorous layer is 0.1 wt%to 15m% 5. An article
conpri siWigt & otaigleélis:| ayer on a substrate and a nickel phosphorous |ayer on
the nickel layer and a tin or tin alloy |ayer on the nickel phosphorous

| ayer. 6. The article of claimb5, wherein the nickel phosphorous |ayer
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the article is a printed wring board, a |ead frane, electrical connector,
waf er bung; &methqdpempyisingsigpesiting 1 micron to 10 microns of a nickel layer on a substrate,

depositing 0.1 microns to 5 microns of a nickel phosphorous layer on the nickel layer,
and depositing a tin or tin alloy layer on the nickel phosphorous layer.

4. The method of claim 3, wherein a phosphorous content of the nickel phosphorous layer is
0.1wt% to 15wt%.

5. An article comprising a nickel layer on a substrate and a nickel phosphorous layer on the
nickel layer and a tin or tin alloy layer on the nickel phosphorous layer.

6. The article of claim 5, wherein the nickel phosphorous layer comprises 0.1wt% to 15wt%
phosphorous.

7. The article of claim 6, wherein the nickel phosphorous layer comprises 1wt% to 10wt%
phosphorous.

8. The article of claim 5, wherein the nickel layer is 1 micron to 10 microns thick and the
nickel phosphorous layer is 0.1 micron to 5 microns thick.

9. The article of claim 5, wherein the nickel layer and the nickel phosphorous layer is 2
microns to 3 microns thick.

10. The article of claim 5, wherein the article is a printed wiring board, a lead frame,

electrical connector, wafer bump, or a passive component.





