METAL DUPLEX AND METHOD The present invention is directed to a | ow
phosphorous containing netal duplex with a gold or gold alloy |ayer and
~method of meking the | ow phosphorous netal duplex with the gold or gold
alloy layer. Mre specifically, the present invention is directed to a | ow
phosphorous containing nmetal duplex with a gold or gold alloy |ayer and
nmet hod of making the | ow phosphorous netal duplex with the gold or gold
alloy layer for inhibiting corrosion and inproving solderability.
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computers, automobiles, telecommunications, robotics and military equipment. The IC unit
encompasses IC chips and hybrid circuit nodules which include one or more of the IC chips and
other electronic components on a plastic or ceramic support base.
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. 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 corrosion 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



and make a good solder joint to other conponents w thout defects that inpair
the electrical or nechanical connection. Cenerally, soldering is an
attachnment 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 sgldering material itself. There are
many factors that determ ne good solderability, the three nost inportant of
which are extent of corrosion, ampunt of co-deposited carbon, and extent of
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This is believed to be due to the base metal substrate and any accompanying underlying metal
layers which may be exposed to corrosive elements via the pores in the gold outer surface.

In addition, many applications include thermal exposure of coated lead frames. Diffusion
of metal between layers under thermal aging conditions may cause a loss of surface quality if an
underlying metal diffuses into a noble metal surface layer such as nickel into gold.

At least three different approaches to overcoming the corrosion problems have been
attempted: 1) reducing the porosity of the coating, 2) inhibiting the galvanic effects caused by the
electropotential differences of different metals, and 3) sealing the pores in the electroplated layer.
Reducing the porosity has been studied extensively. Pulse plating of the gold and utilization of
various wetting/grain refining agents in the gold plrating bath affect the gold structure and are two
factors contributing to a reduction in gold porosity. Often regular carbon bath treatments and
good filtration practices in the series of electroplating baths or tanks combined with a preventive
maintenance program help to maintain gold metal deposition levels and correspondingly low

levels of surface porosity. A certain degree of porosity, however, continues to remain.



various wetting/grain refining agents in the gold plating bath affect the
gold structure and are two factors contributing to a reduction in gold
porosity. Often regular carbon bath treatnments and good filtration
“practices in the series of electroplating baths or tanks conbined with a
preventive maintenance programhelp to ymintain gold netal deposition
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Met hods include depositing a nickel |ayer on a substra depositing a | ayer
of ni ckelis used for soldering. A nickel or nickel alloy coats the thick nickel-cobalt layer to prevent it

from cracking, an inherent problem of the nickel-cobalt layer. A gold or gold alloy layer coats
the nickel or nickel alloy layer. The gold or gold alloy layer allegedly improves solderability.

Although there are methods which attempt to address the corrosion and solderability
problems on metal deposits, there is still a need for improved methods for inhibiting corrosion
and improving solderability.

Methods include depositing a nickel layer on a substrate, depositing a layer of nickel
phosphorous on the nickel layer and depositing a layer of gold or gold alloy on the nickel
phosphorous layer, the nickel phosphorous layer includes 0.1wt% to 10wt% phosphorous. The
combination of the nickel and nickel phosphorous layers inhibits or prevents the effects of
thermal ageing, thus decreasing pore formation in the gold or gold alloy layer. The reduction of
pores in the gold or gold alloy layer reduces or prevents corrosion of the underlying substrate.
Solderability of the gold or gold alloy finish is thus improved.

In another aspect, methods include depositing 1 micron to 10 microns of a nickel layer on a

substrate, depositing 0.1 micron to 5 microns of nickel phosphorous layer on the nickel layer,



phosphorous on the nickel layer and depositing a | ayer of gold or gold alloy
on the nickel phosphorous |ayer, the nickel phosphorous |ayer includes
0.lw%to | Ont % phosphorous. The conbination of the nickel and nickel
phosphorous | ayers inhibits or prevents the effects of thermal ageing, thus
decreasing pore formation in the gold orygold alloy layer. The reduction of
pores in the gold or gold alloy |ayer reduces or prevents corrosion of the
underlying substrate. Solderability of the gold or gold alloy finishis
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The combination of the nickel and nickel phosphorous layers reduces the effects of thermal
aging, thus decreasing pore formation in gold and gold alloy layers. The reduction of pore
formation in turn reduces or eliminates corrosion of the underlying metal substrate and also
improves solderability of the gold or gold alloy layer. The nickel and nickel phosphorous layers
also reduce or inhibit the migration of nickel into the gold or gold alloy layer.

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 of 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



al so reduce or inhibit the mgration of nickel into the gold or gold alloy
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sodi um 3sulfonates, sulfonamides and sulfonimides. Examples of such brighteners are sod1um 0-
sulfobenzimide, disodium 1,5-naphthalene disulfonate, trisodium 1,3,6-naphthalene trisulfonate,
sodium benzene monosulfonate, dibenzene sulfonamide, sodium allyl sulfonate, sodium 3-
chloro-2-butene-1-sulfonate, sodium B-styrene sulfonate, sodium propargyl sulfonate, monoallyl
sulfamide, diallyl sulfamide and allyl sulfonamide. Such brighteners may be used in
conventional amounts such as 0.5 g/L to 10 g/L, or such as 2 g/L to 6 g/L.

Other brighteners include, but 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-(B-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-
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per f | uor i nat Seftable chelating agents include, but are not limited to, amino carboxylic acids,
polycarboxylic acids and polyphosphonic acids. Such chelating agents may be used in
conventional amounts such as 0.01 moles/L to 3 moles/L or such as from 0.1 moles/L to 0.5
moles/L.

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.



guat ernary am nes such as perfluoro dodecyl trinethyl amonium fluoride.
Suitable chelating agents include, but are not limted to, am no carboxylic
acids, polycarboxylic acids and pol yphosphoni c acids. Such chel ati ng agents
‘may be used in conventional anpunts such as 0.01 noles/L to 3 noles/L or
such as fromO.1 noles/L to 0.5 noles/L; The pH of the nickel baths may
range from1l to 10, or such as from3 to 8. The pH of the nickel baths nmay
be mai ntained by a variety of nmeans. Any desired acid or base nay be used,
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are not limted to, inorganic phosphoric acids such _as phosphoric acid
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phosphoric acid is a polyphosphoric acid, typically, n is an integer such that the polyphosphoric
acid has an average molecular weight of 110 to 1,500 atomic weight units. Typically,
phosphorous acid is used.

Salts of phosphoric acids such as alkali metal phosphates and ammonium phosphate may
be used. Alkali metal phosphates include dibasic sodium phosphate, tribasic sodium phosphate,
dibasic potassium phosphate and tribasic potassium phosphate. Salts of the polyphosphoric acids
also may be used. Mixtures of the inorganic phosphoric acids and their salts also may be used.
Such acids are commercially available 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



~be represented by the formula: H'+2P" O3"+l, where n is an integer of | or
greater. Wien nis an integer of 2 or greater, the formula represents a

pol yphosphoric acid. Wien the inorganic phosphoric acid is a pol yphosphoric
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deposi ted over t e ni ckel osp rous yer 'to forman article
| ayers conpo$et afgoldalayi rokebe dapdsitedeindghe piklod phospbomus layer using any suitable

source of gold ions as well as alloying metal ions. Sources of gold ions include, but are not

upl ex

limited to, sodium dicyanoaurate (I), ammonium dicyanoaurate (I) and other dicyanoauric acid
() salts; potassium tetracyanoaurate (III), sodium tetracyanoaurate (III), ammonium
tetracyanoaurate (III) and other tetracyanoauric acid (III) salts; gold (I) cyanide, gold (III)
cyanide; dichloroauric acid (I) salts; tetrachloroauric acid (III), sodium tetrachloroaurate (III) and
other tetrachloroauric acid (III) compounds; ammonium gold sulfite, potassium gold sulfite,
sodium gold sulfite and other sulfurous acid gold salts; gold oxide, gold hydroxide and other
alkali metal salts thereof; and nitrosulphito gold complexes. The sources of gold typically are
included in conventional amounts such as 0.1 gm/L to 10 g/L or such as from 1 gm/L to 5 gm/L.
Alloying metals include, but are not limited to, copper, nickel, zinc, cobalt, silver, the
platinum group metals, cadmium, lead, mercury, arsenic, tin, selenium, tellurium, manganese,
magnesium, indium, antimony, iron, bismuth and thallium. Typically the alloying metal is
cobalt. Sources of such alloying metals are well known in the art. The sources of alloying
metals are included in the bath in conventional amounts and vary widely depending on the type

of alloying metal used.



| ayers inhibit pore formation in the gold or gold alloy |ayer and inhibit
nickel mgration into the gold or gold alloy |ayer. Connectors soldered to
the gold or gold alloy coated articles are nore secure and less likely to
‘separate than gold or gold alloy coated articles w thout the duplex |ayer.
Gold or gold alloy may be deposited on the nickel phosphorous | ayer using
any suitable source of gold ions as well as alloying netal ions. Sources of
gold ions include, but are not |imted to, sodiumdicyanoaurate (1),
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metals the gold and gold alloy baths ray include one or nore additives. Such
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or prevents undesired oxidation of underlying metals. This in turn improves the solderability of
the gold and gold alloy surface finish and decreases contact resistance.

The methods may be used to deposit the duplex of nickel and nickel phosphorous on any
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.



undergoes thermal aging. Thermal aging may be done by any suitable nethod
known in the art. Presently, there are no standard thermal aging

requi renents and various nmethods are used. Such nethods include, but are
‘not limted to, steam aging and dry baki ng. The nickel and ni ckel
phosphor ous dupl ex inhibits surface diffigsion of nickel into the gold
surface finish, thus solderability is inproved. In addition to preventing
the diffusion of |ess noble netals into gold and gold alloys, the duplex
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Benzosulfimide Compound

Aldehyde 0.5¢g/L

Water Balance

The pH of the nickel bath was 4 and the temperature of the bath was 50° C. Each lead
frame was then placed in a Hull cell containing the electrolytic nickel bath. The lead frame
functioned as the cathode and the anode was a sulfur/nickel electrode. The nickel bath was
paddle agitated during deposition. The apparatus was connected to a conventional rectifier.
Current density was at 10 ASD. Nickel deposition was done over a period of 90 seconds.

Two (2) of the nickel plated lead frames were then plated with a nickel phosphorous layer 1
micron thick. The nickel phosphorous bath used to plate the two lead frames had the formulation
as shown in Table 2 below.

TABLE 2

COMPONENT CONCENTRATION
Nickel Sulfamate 125 g/
Phosphorous Acid 50 g/L




grade sulfuric acid at roomtenperature for 10 seconds. Each |ead frane was
then electroplated wth a nickel layer of 2 mcrons. The nickel bath used
to plate each lead frame had the formula disclosed in Table 1 below. TABLE
1 COVPONENT CONCENTRATION Nickel Sulfamate 125 g/L N ckel Chloride 8 g/L
Boric Acid 35 g/L Sulfonated hbphthalegz Compound 0.5 g/L Benzosul fi mde
Compound 5 g/L Al dehyde 0.5 g/L Water | ance The pH of the nickel bath
was 4 and the tenperature of the bath was 50 C. Each | ead franme was then
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Bal ance
current density of 10 ASD for one lead frame and 5 ASD for the second lead frame.

Electroplating was done on one lead frame for 60 seconds (10 ASD) and on the second lead
frame for 30 seconds (5 ASD). The nickel phosphorous layer plated at 10 ASD had a
phosphorous content of 6wt%, and the nickel phosphorous layer plated at 5 ASD had a
phosphorous content of 9wt%. The phosphorous content was measured by conventional energy
dispersive X-ray spectroscopy. A 1x1 mm area was measured.

Each of the three lead frames was then plated with a gold layer 0.2 to 0.5 microns thick.
The gold electrolyte included 12 g/L of gold ions from sodium gold sulfite and conventional gold
electrolyte additives. Gold plating was done at a current density of 3 ASD for 4 seconds at 35°
C.

Each lead frame was then soldered with eutectic tin/lead solder at 235°C. The soldered
lead frames were then steam aged according to Military Specification 883C, Method 2003 which
involves steam aging at 95° C and 95% relative humidity for 8 hours. This simulated a shelf life
of at least 6 months.

The zero crossing time was then determined for each lead frame for solderability
performance after steam aging. The zero crossing time was determined with Menisco ST-50
solderability tester. The zero crossing time for the lead frame without the nickel phosphorous
layer was 3.2 seconds, the zero crossing time for the lead frame with the 6wt% phosphorous
content was 1.8 seconds, and the zero crossing time for the lead frame with the phosphorous
content of 9wt% was 0.9 seconds. Accordingly, the nickel and nickel phosphorous layers
showed better solderability performance than the lead frame without the nickel and nickel

phosphorous layers.



The ni ckel phosphorous bath had a pH of 1 and was at a tenperature of 60 C
during nickel phosphorous deposition. N ckel phosphorous was done in Hull
cells with paddle agitation at a current density of 10 ASD for one |ead
frame and 5 ASD for the second lead frane. Electroplating was done on one

| ead frame for 60 seconds (10 ASD) and @2 the second lead franme for 30
seconds (5 ASD). The nickel phosphorous |ayer plated at 10 ASD had a
phosphorous content of 6w % and the nlckel phosphorous | ayer plated at 5
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el ectroplated with a 2 microns |ayer of nickel froma nickel bath having the
The pH of the nickel bath was 3 and the temperature of the bath was 50° C. Each lead

frame was placed in a Hull cell containing the electrolytic nickel bath. Nickel was deposited on
the lead frames at a current density of 10 ASD. Nickel deposition was done over 80 seconds.
The bath was paddle agitated during electroplating.

One of the lead frames was then plated with a 1 micron layer of nickel phosphorous using
the bath disclosed in Table 4 below.

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




formula in Table 3 bel ow. TABLE 3 COVPONENT CONCENTRATI ON Nickel Sul famate
125 g/L N ckel Chloride 8 g/L Am noacetic Acid 30 g/L Sul fonated

~Napht hal ene Conpound 1 g/L Benzosulfimde 5 g/L Al dehyde 0.5 g/L Water

Bal ance The pH of the nickel bath was 3 and the tenperature of the bath was
50 C. Each lead frane was placed in a Hygl cell containing the electrolytic
ni ckel bath. N ckel was deposited on the lead frames at a current density
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Each lead frame was then placed on a plastic holder in a dessicator. Fuming nitric acid

vapor with a concentration greater than 65% was added to the dessicator for 1 hour at room
temperature. The nitric acid was then rinsed off using deionized water. The gold surface of each
lead frame was then placed-under a Nomarski microscope at 50X to examine the gold layers for
any pore formation. Figure 1 shows the gold surface of the lead frame which was not plated with
the nickel phosphorous layer. Numerous pores formed in the gold layer. In contrast, Figure 2
shows the gold layer on the lead frame which contained the nickel phosphorous layer. Pore
formation was sparse. Accordingly, the nickel and nickel phosphorous layers under the gold

layer was able to reduce the formation of pores in gold.

Example 3 (Comparative)

Three (3) brass lead frames were ultrasonically cleaned using 100 g/L of
ROANACLEAN™ CP-100 at 65° C for 30 seconds. After cleaning, each connector was then
immersed into a solution of 100 ml/L of technical grade sulfuric acid at room temperature for 10
seconds. Each lead frame was then plated with a nickel layer of 2 microns using the nickel
electrolyte in Table 1 above. Nickel deposition was done in a Hull cell at a pH of 4 and at a
temperature of 50° C. The current density was 10 ASD and was done over 80 seconds.

Two (2) of the lead frames were then plated with a 1 micron layer of nickel phosphorous.
The nickel phosphorous electrolyte used was the same as that disclosed in Table 2 above. The
pH of the electrolyte was 2 and nickel phosphorous deposition was done at a temperature of 50°
C. The current density for one of the plating baths was 10 ASD and the other was 5 ASD.
Nickel phosphorous deposition was done over 20 seconds for each bath.

All three of the lead frames were then electroplated with gold in a Hull cell at a current
density of 3 ASD for 4 seconds. The gold electrolyte included 12 g/L of gold ions from gold

sulfite and conventional gold electrolyte additives. The temperature of the bath was 30° C.



included 12 g/L of gold ions fromsodiumagold sulfite, and conventional gold
electrolyte additives. Gold plating was done at a current density of 3 ASD
for 4 seconds at 30 C. Each |ead frame was then placed on a plastic hol der
in a dessicator. Fuming nitric acid vapor with a concentration greater than
65% was added to the dessicator for 1 hd4ir at room tenperature. The nitric
acid was then rinsed off using deionized water. The gold surface of each
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420 4.5 56.2 | 39.3 74 | 881 - 45 | 265 | 63.4 1.9 8.2

450 42 | 567 | 39.1 52 | 9Ll - 3.7 165 | 756 | 24 5.5

480 43 563 | 394 | 43 | 917 - 4.0 110 | 824 19 47

510 42 | 569 | 389 | 3.7 | 928 - 3.5 7.5 88.5 1.8 22

540 4.0 56.7 393 3.5 92.5 0.7 33 5.6 91.6 1.8 1.0
570 4.0 56.9 39.1 33 92.0 0.6 4.1 43 93.6 1.8 03
600 39 571 39.0 3.1 925 0.4 4.0 3.4 94.9 1.7
630 39 57.1 39.0 29 92.7 0.7 3.7 2.6 95.6 1.8 -
660 39 57.5 38.6 2.9 92.7 0.4 4.0 23 96.0 1.7
690 3.9 57.4 38.7 2.8 933 0.4 3.5 2.1 96.2 1.7
720 3.9 57.4 38.7 2.8 93.5 03 34 2.1 96.2 1.7
750 3.8 57.8 384 2.7 93.0 0.7 3.6 1.6 96.8 1.6 -
780 39 574 38.7 26 93.1 0.4 39 1.5 96.7 1.8
810 3.8 58.0 38.2 2.5 93.5 0.4 3.6 14 96.7 1.9
840 3.7 58.0 383 2.6 93.3 04 3.7 13 97.0 1.7 -
870 3.8 58.7 375 24 935 0.5 3.6 1.2 97.2 1.6 -
900 3.6 58.1 383 2.5 93.0 0.3 4.2 1.2 96.9 1.9




| ayers, and nickel mgration into the gold |ayers. Table 4 bel ow discl oses
the results of the tests. The atom c% of each elenent at different sputter
dept hs was neasured using a conventional X-ray photoel ectron spectroneter
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frame without the nickel phosphorous layer had a high oxygen content of 41.5 atomic% at 200 A

7.
4.
0.
3.
3.
5

and a low oxygen content of 34.3 atomic% at 100 A. The average oxygen content for all depths

was 36 atomic%. Thus, the nickel phosphorous layers reduced oxygen penetration.

Example 4
Example 2 is repeated except that an aqueous gold cobalt alloy electroplating bath is used

to plate a gold-cobalt layer on the nickel or nickel phosphorous layer. The gold-cobalt alloy bath
includes 4 g/L of potassium gold cyanide, 1 g/L of cobalt sulfate (0.25 g/L of cobalt ions) and
150 g/L of methylene phosphonic acid. The pH of the aqueous gold-cobalt bath is 4. The pH of
the bath is maintained with potassium hydroxide. The bath is maintained at 40° C and the
current density is 1 ASD. Electroplating is done until a 0.2 to 0.5 microns layer of gold-cobalt is
formed on the nickel phosphorous layer of each lead frame.

Each lead frame is then placed on a plastic holder in a dessicator and exposed to fuming
nitric acid as in Example 2. The gold-cobalt layer on the lead frame with the duplex is expected

to have fewer pores than the gold-cobalt layer on the lead frame with just the nickel layer.

Example 5
Example 4 is repeated except that the aqueous gold-cobalt alloy electroplating bath

includes 4 g/L of potassium gold cyanide, 1 g/L of cobalt as tetrapotassium salt of cobalt
methylene phosphonic acid, 124 g/L of tripotassium citrate, 29 g/L of citric acid and 45 g/L of
monopotassium phosphate. The pH of the bath is maintained at 5, and the bath temperature is
maintained to 35° C. The current density is at 1 ASD and plating is done to form a 0.2 to 0.5

microns layer of gold-cobalt on each lead frame.



870 3.8 58.7 37.5 2.4 93.5 0.5 3.6 1.2 97.2 1.6 - 900 3.6 58.1 38.3 2.5 93.0
0.34.21.296.91.9 15 The results in the table above show that the
oxygen content of the nmetal layers of the |l ead frames which were plated with
a ni ckel phosphorous |ayer were far below that of the lead frane wth just
the nickel layer. The atom c% of oxygen jogn the netal |ayers of the |ead
frame with the nickel phosphorous |ayer containing I Om % of phosphorous
had a hi gh oxygen content of 5.2 atomc%at a depth of 100 A and a | ow
oxygen cont eAfteeafing bachi ledd fiamS 3@th Mumifigaitaic acidgthe lent drancd% itk thgelaplen layat |
depths was 4.1. The lead fr wi th.the phosphorous ntent. of 7w % had a
i Gh oy derbEdrd BV 20 RRT e vith P BRreR At edaR b e atrads o
at om c% game2RGionlPedupltReaydyer age oxygen content for all depths was 2.6
atomc% In contrast, %he I"'ead frane w thout the nickel phosphorous |ayer
had a hi gh oxygen content of 41.5 atomc%at 200 A and a | ow oxygen content
of 34.3 atomc%at 100 A. The average oxygen content for all depths was 36
atom c% Thus, the nickel phosphorous |ayers reduced oxygen penetration.
Exanple 4 Exanple 2 is repeated except that an aqueous gold cobalt alloy

el ectroplating bath is used to plate a gold-cobalt |ayer on the nickel or

ni ckel phosphorous | ayer. The gold-cobalt alloy bath includes 4 g/L of

pot assi um gold cyanide, 1 g/L of cobalt sulfate (0.25 g/L of cobalt ions)
and 150 g/L of nethyl ene phosphonic acid. The pH of the aqueous gol d-cobalt
bath is 4. The pH of the bath is maintained with potassium hydroxi de. The
bath is maintained at 40 C and the current density is |I ASD. Electroplating
is done until a 0.2 to 0.5 microns |layer of gold-cobalt is fornmed on the

ni ckel phosphorous | ayer of each |ead frame. Each lead frane is then placed
on a plastic holder in a dessicator and exposed to fumng nitric acid as in
Exanpl e 2. The gold-cobalt |ayer on the lead frane with the duplex is
expected to have fewer pores than the gold-cobalt |ayer on the | ead frane
with just the nickel layer. Exanple 5 Exanple 4 is repeated except that the
aqueous gol d-cobalt alloy electroplating bath includes 4 g/L of potassium
gold cyanide, 1 g/L of cobalt as tetrapotassiumsalt of cobalt nethylene
phosphonic acid, 124 g/L of tripotassiumcitrate, 29 g/L of citric acid and
45 g/ L of nonopot assi um phosphate. The pH of the bath is maintained at 5,
and the bath tenperature is



mai ntained to 35 C. The current density is at 1 ASD and plating is done to
forma 0.2 to 0.5 mcrons |ayer of gold-cobalt on each |ead frane. 16

After treating each lead frane with fumng nitric acid, the lead frame with
the duplex layer is expected to have a gold-cobalt |ayer with fewer pores
than the gol d-cobalt |layer on the |ead ,frane wthout the duplex |ayer. 17
What is clainmed is: | . A nethod conprising electrolytically depositing a

ni ckel |layer on a substrate, electrolytically depositing a nickel
phosphor oug L@y ety khe nickel layer to form a duplex layer on the
substrate, " the duplex layer is 3 mcrons thick; electrolytically depositing
a gold or gold alloy layer on the nickel phosphorous |ayer of the dupl ex

| ayer, the niickel mphos phrapridit dley@lytesiifpddpssitn®a Aické1%ayled oh a Wbsha @f
phosphorous; and thermal aging the gold or gold alloy layer. 2. The met hod
of claiml. V\,heF'éFtFP'WF@"hﬁ@@éél““ﬁﬁd%%ﬁb?@ﬁ@hqr%ﬁé?yeééﬁﬁﬁ gekel Bygrtodprmy  owt %
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| mcron thick. ekctraligcatiedbmgitivh aglotd ohgbld Mgrigienoi tie niekepptiosplatrd of t he

ni ckel in the nickel layer to the nickel phosphorous in the nickel
phosphor ous | ayé&veitt thhydupkexplpese, the nmkel phgsphgrops layer gampgises @1 W% éhpri si ng a
dupl ex on a sub - . ' i | ayer on the
substrate and aqﬁﬁgégrp%ﬁ@@%ﬁ@#gﬁ%ﬂﬁgﬁﬂgﬁggﬁgﬁﬁh%ﬁ‘ éfmﬁQQ%F? and a gold or
gol d al | oy | ayemhomethod oficakell, whasiphiy givice! bARys@hordflis fahe cdpliess, | iterodupl ex

|l ayer is 3 mcrons thick and the nickel phosphorous |ayer conprises | wt%to
| Owt % of phospABtewsPhesphamaes.article of claim5, wherein the weight ratio
of the nickel, of l-ex. - Wel gh ' InC hor ous
of the dupl ex’ | srhépl%“}%g%é??ﬁ?? M?‘%gmattrét '%glgeéﬁag%ll%tg% ‘rjﬁhg& @\k%éﬁ@ot“ggﬁgfti cleis
a printed wiringndt@mitkeppHospitbrousaier obthe dosleetionicrovbthik. bunp or passive
conponent .

The method of claim 1, wherein the weight ratio of the nickel in the nickel layer
to the nickel phosphorous in the nickel phosphorous layer of the duplex is 2:1 to
8:1.

5. An article comprising a duplex on a substrate, the duplex is composed of a nickel
layer on the substrate and a nickel phosphorous layer on the nickel layer, and a
gold or gold alloy layer on the nickel phosphorous layer of the duplex, the duplex
layer is 3 microns thick and the nickel phosphorous layer comprises 1wt% to
10wt% of phosphorous.

6. The article of claim 5, wherein the weight ratio of the nickel of the duplex to the
weight ratio of the nickel phosphorous of the duplex is 2:1 to 8:1.

7. The article of claim 5, where the article is a printed wiring board, a lead frame, a

connector, wafer bump or passive component.





