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‘The present invention is direct ed to a nickel coating that Is resistant to
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The present invention is directed to a nickel coating that is resistant to
5 cracking and a process for forming such a nickel coating onto an article.
Art Background
Devices such as integrated circuits are mechanically and electrically
connected to larger assemblies via lead frames. The integrated circuit or
othf;-zr device is mechanically mounted on the lead frame, az;d the device is
10 then electrically connected to the leads on the lead frame. The lead frame is
then electrically and mechanically connected to a larger assembly. After the
device is mounted on the lead frame, it is packaged for protection. The
packaging process includes wirebonding, trim-and-forming, thermal aging
and encapsulation steps. These steps subject the metal lead frame to
* 15 mechanical stress and strain. For example, when the leads of the lead frame
are forrqe'd according to the JEDEC standard, the forming angle is 82-90
deérees and the forming ra.dil;s is about 10 mils (= 250 pm).
Lead frames have been formed from a variety of materials. Lead
frame materials are selected for their mechanical strength, conductivity,

20  machinability, formability, corrosion resistance, solderability and thermal

expansion. Although gold, platinum, and palladium have the desired



packagl ng process includes w rebonding, trimand-formng, thermal aging
.and encapsul ati on steps. These steps sybject the nmetal lead frame to 15
nechani cal stress and strain. For exam¥l e, when the | eads of the |ead frane
are formed according to the JEDEC standard, the form ng angle is 82-90
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materials are selected for thel I mechani caI st rengt conductivity, 20
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expansi on. Al though gold, platinum and pall adi um have the desired

2 advaﬂtagemlsepi-qie'rties thhtnmketit ghited dor thistapplidasiona k& aumsberof t hese
materi al s prohi bitive for most applications. Copper and copper
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5 wt. % z1rcomum); alloy 194 (97.5 wt.% copper/ 2.35 wt. iron/ 0.03 wt.%

phosphorous/0.12 wt.% zinc); and alloy 7025 (96.2 wt.% copper/3.0 wt.%
nickel/0.65 wt.% silicon/0.15 wt. magnesium). However, the corrosion of the
copper in air and the diﬂicuity of forming good soldered conﬁections to copper
create the need to use coated copper lead frames. The coating on the lead

10 frame provides corrosion protection and provides a good solderable surface.
An iron-nickel alloy, alloy 42, also has properties that make it useful as a
lead frame. However, the corrosion of this metal in air also precludes the use
of uncoated alloy 42 as a lead frame material.

Typically, the copper and iron containing materials are coated with
15 nickel to prevent the oxidation of the underlying copper or iron. However,

he nickel also oxidizes in air, and such oxides are undesirable. A thin layer ofa

metal thva't does not oxidize is plated over the nickel to prevent these oxides

oy
-

froﬁ forming. Examples of these materials, typically referred to as “hoble”
metals include silver, palladium, and gold. These thin coatings range in
20  thickness from about 0.075 um to abouf 1.5 um.
Nickel coatings applied using conventional electrodeposition

techniques have a tendency to crack when the lead frame is subjected to the



of different copper alloys are used including alloy 151 (99.9 w.%

copper’ 0.1 5wm. %zirconiunm; allgy 194 (97.5 wt. % copper/ 2.35 wt.
Iron/ 0.03 wt.% phosphorous/0.12 w. % zinc); and alloy 7025 (96. 2
Wt . % copper/3.0 wt. % ni ckel /0.65 wt.% silicon/0.15 wt.
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An iron-nickel aIon, alloy 42, aI so has properties that make it useful as

a of | nesbdie me;tabthmm\aéto craiglss c dVhers theseometal eoatames| cragkdihe al so
precl udes the use of uncoated alloy 42 as a lead frane material.
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ni ckel to prevent the oxi dation of the underlying copper or iron. However,
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typi cal | y pégetgpcgggeg@sypreo%onsequegﬂy, a nickel coating for a lea

frame that does not crack when the lead frame is subjected to stresses and
strains associated with the packaging of electronic devices is required.
SUMMARY OF THE INVENTION

10 | The present invention is directed to a conformable nickel coating that
does not crack when a lead frame on which the conformable nickel coating is
applied is formed according to the JEDEC standard, i.e. the forming angle of
the leads is at least about 82 degrees with the lead frame with a forming
radius of about 10 mils (which is about 250 um). The forming angle 12 of the

15 lead frame 10 and the forming radius 14 of the lead frame 10 are illustrated

. in FIG. 1. After forming, the lead frame is coupled to a deviee, packaged and

placed ixg1to a larger assembly. The present invention is also directed to a
prdcess for forming a confornt;.ble nickel layer onto the surface of a metal
substrate.' Examples of metal substrates include copper substrates, copper

20 alloy substrates, and iron alloy substrates.

In the context of the present invention, a conformable nickel layer is a

layer of nickel that conforms to the surface of the metal on which the nickel



metal s include silver, palladium and gold. These thin coatings range in
.20 t'hi ckness from about 0.075 [err]mtp about 1.5 [err]m

Ni ckel coatings applied using conventiohal electrodeposition

-t'echni ques have a tendency to crack when the |ead frarre I's subjected to the

3 St SaB&b rﬁ@&c}% v@é 8525 FessatAR Bydh & tIa@"l h%l%&e of
i Btici? b Ay 3 33 30650 bAfticth

devi ce pac are di scusse bove. e n|c Iayer

ks, th reon als cracks. t hese
retal  coat g@e‘@r%ekrdlpsetc the staraﬁ%réf dofcibed s iorimws %lq%asaedi Zes,

corrodes, and migrates to the surface, in the presence of humdity.
These suramedumo@sﬂhesabmestandarﬂ/mts'educes defefthatipnennthe lead frageel devi ce.
Consequently, a nickel coating for a lLead frame that does not crack

when the &@airdtedEhése gefbimatietls bPe $hRE ¥68m M durface undiul 2iBs 8waPCi at ed
wi th the packaging of electronic devices is required.

5 have a depth of 0.1 um or more. Examples of substrate that are susceptible
to these surface deformations include alloy 151 substrates, alloy 194
substrates, alloy 7025 substrates, and alloy 42 substrates. The thicker the
substrate, the more suscepﬁible it is to cracking during forming. The
conformable nickel coating of the present invention does not crack when the

10 sm;face deformations that result from lead frame formation have a depth of

| less than 5 um. The thickness of the conformable nickel coating of the

present invention is at least about 0.5 pm. It is advantageous if the
conformable nickel coating of the present invention has a thickness of at
least about 2 um.

15 | The conformable nickel coating of the present invention has an

A elongation of at least about 25 percent (measured using ASTM Standard

B489-85;)' when a substrate with the conformable nickel coating is formed
acéording to the JEDEC stanc;ard. This is a substantial improvement over
the elongation of prior art nickel coatings. Elongation (sometimes referred to

20  as ductility) is 2 measure of the degree to which a coating deforms. The

greater the elongation or ductility of the coating, the higher its resistance to °

cracking when the coated substrate is deformed.



SUMVARY OF THE | NVENTI ON 10 The present invention is directed to a

conformabl e ni ckel coating that d%es not crack when a lead franme on
whi ch the confornmable nickel coating is applied is forned according
to the JEDEC standard, i.e. the form ng angle of the leads is at

| east about 82 degr ' r ' radi us of
about 10 mls (Whic S;EISPWQ %ngb?{gréﬁeﬁﬁn%&tﬁrgra{mﬂ%c@ep (3’ e tilftof t he
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devi ce, packaged and pl aced into a | arger assenbly. The present

i nvent i on lead &Fame direeplatihg bath that conpaimsedout &5 ¢/btoabgutalddgflafaabl e

ni ckel |ayer onto the surface of a netal substrate. Exanples of netal
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30 g/l to about 45 g/l of a buffer such as HaBOs and about 5 ml/ 1 to about 20
ml/] of a perfluorinated quaternary amine wetting agent (based on an
aqueous solution containing about 10 ppm of the perfluorinated quaternary
amine) such as perfluoro dodecyl trimethyl ammonium fluoride. The
10 coﬁposition of the bath is controlled so that the pH of the bath is maintained
in the range of aboqt 2-to about 2.5.

It is advantageous if the metal impurities in the bath are about 30
ppm or less. Metal impurities are any metals other than the nickel. In one
embodimgnt of the present invention, the nickel is plated onto the metal lead

15 frame substrate using a plating current density of about 5 Amps/dm? to about
> 50 Amps/dm? at a bath temperature of about 50°C to about 65°C. It is
advantageous if the bath is agltated at a speed of about 25 cm/sec to about 60
cm/sec during plating. )
After the conformable nickel coating is formed on the lead frame
20 substrate, a layer of a metal that does not oxidize in air is coated over the

nickel to provide a solderable surface, because the nickel will oxidize in air

and the oxidized nickel does not permit a good, solderable connection to be



4 Is plated in such a way as to resist cracking even when the

~coated |l ead frane Is formed acgording to the standard descri bed
above. Forming a lead frame actording to the above standard
-introduces deformations in the |ead frame substrate. These
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to these supface deformations include alloy 151 substrates, alloy 194
subst r at ea,afla&lgy l9ys. &w@ﬂaﬁ@,mm{fm haxe aphickpess af %équwr@'?g MRker the
substrate, the nore susceptible it is to cracking during form ng. The
conf or mabteabowkes raandaroforndud gt esenickebgabstratesdaesrding tor ack when t he
10 surface deformations that result fromlead frame formati on have a depth
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coating o resent invention Is at [east errlm It
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4,911,799 to Abys et al, which is hereby incorporated by reference.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 s a side view of a lead frame after the lead have been formed
according to the JEDEC standgrd.
10 | FIG. 2A-2C are photographs taken at 200x, 400x, an.d 1000x of an
alloy 194 lead frame that was formed to an angle of 90 degrees with a
curvature fadius of about 250 um. FIGs. 2A and 2B are in plan view and
FIG. 2C is in side view.
FIG. 3A and 3B are photographs in side view of an alloy 194 lead
15 frame with a conformable nickel layer plated thereon and formed to an angle
hs of 80 degrees with a curvature radius of about 250 pm at 400x magnification
and 1000x magnification. |
| FIGs. 4A and 4B are p};otographs of an alloy 194 lead frame with a
commercial nickel layer plated thereon according to a prior art process and

20 formed to an angle of 90 degrees with a curvature radius of about 250 um at

1000x magnification. FIG. 4A is a side view and FIG. 4B is a top view.



;l east about 2 [err]m 15 The conformabl e nickel coating of the
present invention has an elongation of_at |east about 25 percent (neasured
usi ng ASTM St andar d B489- 85) when a substrate with the conformable
-ni ckel coating is forned according to the JEDEC standard. This is

a substantial mRrovenent over the el ongati.an rd or_ard, ni ckel
coatings. El onggaigﬁsﬁs&?‘ﬁpm phthe lead frame é)e!ggtegs‘noﬁfc([}%%‘}%ﬁléga
measure of the degree to which a coating deforms. The _Qgreater the
el ongat i oafter egpestre) toysteam: age forf hogrs amd soidghed using a aonsaciivaded o

cracki ng when the coated substrate is deforned.

5 rosin flu¥) one enbodi nent of the present invention, a nickel |ayer
t hat conforms to the substrate~in the desired manner is obtained by

'E"oa;ib?,ﬂ : t 23 0 gFFGbg'igi%ﬁJtGEFaﬁH‘of"t}EH Rlaldfth RE HBpicRad if FIER! 4R ARPyR 75 9/
5 after exposure to steam age for 8 houré, and soldered using a non-activated
rosin flux.

FIG. 7 is a side view photograph of an alloy 42 leadframe with
successive layers of copper, ﬁickel, and palladium plated thereover. The
nickel layer is the conformable nickel coating of the present invention. The

10 lea('i frame was formed to an angle of 90 degrees with a forming radius of 250
pm.

FIG. 8 is a plane view photograph of the FIG. 7 leadframe after
exposure to salt spray for 24 hours.

FIG. 9 is a side view photograph of an alloy 42 leadframe with

15 successive layers of coppe:r, nickel and palladium plated thereover. The
v nickel layer was plated using a prior art process. The lead frame was formed
to an angle of 90 degrees w1tha forming radius of 250 um.
| FIG. 10 is a plane view ;Jhotograph of the FIG. 9 lead frame after
exposure to salt spray for 8 hours.
20 DETAILED DESCRIPTION

The present invention is directed to a conformable nickel coating for

lead frame substrates. The lead frame substrates are typically materials



. ni ckel conpl ex such as NN(NH err]SOerr])[err] and about 3 to about 5 g/l

.of a'nickel salt 5 such as NNCl[err] . 6Herr]0. It is advantageous if
the plating bath contains about &0 g/l to about 45 g/l of a buffer
.such as Herr]BJerr] and about 5 m/ 1 to about 20 m/l of a
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am ne) such_as perfluoro dodecyl trinet %Iﬁqam’mni um fluoride. The 10
3

conposi t i a4 Honypiskphaloyssswahis allprd2s smatigasrithi depthnfiat least

mai nt ai ned In the range of about 2 to about 2.5. It is
advant agelhdurmfdevbhpil the suifacd of treseBubbtrabed whandomhedtacdstding to ppm or
| ess. Metal inpurities are any netal s.other than the nickel. In one
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agitated at a speed of about 25 cmsec to about 60 cnml sec during
pl ati ng. conformable nickel coating does not crack through its thickness when the
lead frame substrate is formed according to standard techniques such as the
JEDEC standard, which reduires that the lead frame substrate be bent at
least 82 degrees with a forming radius of at least about 250 um when the
10 defc;)rmations in the surface of the substrate that are due to forming have a
depth of less than 5 um. According to this standard, the substrate has a
thickness of at least about 100 pum.
As illustrated in FIGs. 2A-2C, surface irregularities (typically referred
to as “orange peel”) appear in the lead frame substrate when the lead frame
15 is formed according to the JEDEC standard. FIG. 2A is a photograph of an
h alloy 194 lead frame that has been formed to an angle of 90 degrees with a
radius of about 250 um. The ghotograph reveals, at 200x magnification, the
suﬁace irzjegularities that res;ﬂt from the forming process. FIG. 2B isa
photograph of the identical lead frame, but at 400x magnification. Again the
20 “orange peel” irregularities are clearly revealed in this photograph. FIG. 1C

is a photograph of the identical lead frame, but from a side perspective. This



After the conformabl e nickel coating is forned on the |ead frame 20
.substrate, a layer of a netal that does not oxidize in air is coated over
t he nickel to provide a solderabl® surface, because the nickel will
oxidize in air and the oxi di zed ni ckel does not permt a good,

sol der abl e, connection_to

6 pbptmaphxahi,f)@@x Jagnifiraiion.cravanls travghy witppdlepsh ofap to 3

pal | adi um and pal | adi um al |l oys. These | ayers typically have a

t hi cknesspgf i bioe suffadd of fiog Idadd frame thait @esddt ftor the ferming prutess.e f or med
on the nickel substrates according to processes well known to those

skilled in theaq V%qus M]#Et I um | ayer
onto a substrate 'S escf Efggi éﬁggatcfgﬁfrel%ﬁanﬁ% m'a{&Qf%iLileol%g19(@?o Abys et
|, which h b orat ed by..ref erence. BRI EF DESCRI PTI ON OF
THE DRaw RRaying, the'undéy gl @pper RILPRERE Girieeand PG torimaBont { o t ho

| ead have been forned
5 presence of humidity, through the cracks to the surface of the coated lead

frame. If the copper corrosion products form on the surface of the lead frame,
it degrades the solderability and prevents adequate mechanical and electrical
connection between the lead frame and other components. Consequently, a
nicke] layer that does not crack when the lead frame is formed is highly

10 desirable.

The conformable nickel coating is formed on the substrate using an
electroplating process in which the pH of the bath is maintained in the range
of about 2 to about 2.5. The metal lead frame is placed in an electroplating
bath containing a nickel complex and a nickel salt. In one embodiment, the

15 bath contains about 75 g/l to about 130 g/l of a nickel complex such as
he Ni(NH2SQOs)2 and about 3 g/l to about 5 g/l of a nickel salt such as NiClz.
6H20. It is advantageous if t_ite plating bath contains about 30 g/l to about 45
g/1.0f a buffer such as HsBOs ;nd about 5 ml/ 1 to about 20 ml/l of a
perfluorinated quaternary amine wetting agent sut:h as, for example,
20 perﬂuorododecyl trimethyl ammonium fluoride. The bath contains about 5
ml/l to about 50 ml/1 of the wetting agent based on an aqueous solution that

contains about 10 ppm of the perfluorinated quaternary amine.



according to the JEDEC standard. 10 FI G 2A-2C are phot ographs
-takenn at 200x, 400x, and 1000x of an 0 alloy 194 lead franme that was
formed to an angle of 90 degrees with <];l curvature radius of about 250
[err]m FIGs. 2A and 2B are in plan view and FIG 2Cis in side view

FIG 3A and 3%@%&%2&@@&&})&%5# % 8B @%ﬁ#"lééé etfad 15 frame

with a confor yer plate ereon ornmed to an angl e

of 90 degrees wth curvat ure, radi us of ab 5 errl.mat 0x
magni f i c alpprities. Sap&fftﬁcf%r@kt ﬁa@?}’.aﬂie&%qw?%e 2th koAt ??Ségt. apQng 4B

are phot ographs of an alloy 194 |lead frame with a commerci al ni ckel
| ayer pl appoh irberimpuriies;lessthar2% ppni coppert tips endwdnaindpupitiesf anded to an
angl e of 90 degrees with a curvature radius of about 250 [err]m at
1000x megrisk itﬁghigmpplﬁl ]@ad%ﬂlﬁjﬁess_i de view and FIG 4B is a top view
5 A current density of about 5 Amps/dm? to about 50 Amps/dm? is
applied to the bath, which is maintained at a temperature of about 50°C to
about 65°C to plate a layer of nickel on the lead frame substrate. The
thickness of the nickel layer is at least about 0.5 um. It is advantageous if
the nickel layer has a thickness of at least about 2 um. The current density
10 an& plating time required to obtain a nickel layer of a desired thickness is
easily determined b_y one skilled in the art.
Once the nickel layer is formed on the substrate, other layers of
material maybe formed over the nickel layer to impart desirable properties to
the coated lead frame. For example as described in U.S. Patent No. |
15 5,360,991 to Abys et al., which is hereby incorporated by reference, a layer of
¥ palladium strike or gold strike is formed over the nickel layer, followed by a
layer of palladium-nickel alloy, followed by a palladium layer. These
suBsequent layers are largelyla. matter of design choice. However, as
previously noted, it is advantageoué for a noble metal layer to be formed over
20  the nickel layer to provide a solderable surface. Since nickel oxidizes in air,

and oxidized nickel is not a desirable surface for making electrical

connections, it is advantageous if the nickel layer is covered by a layer of



A FIG 5 is a photograph of the lead franme depicted in FIGs.
.3A and 3B after exposure to steamage for 8 hours and sol dered using
a non-activated rosin flux. 11 FIG 6 is a photograph of
the |l eadfrane depicted in FIGs. 4A and 4B 5 after exposure to steam age

for 8 hours, angd sql dered using. on-activated,. . .rosin flux.

FG 7 smaterabwatts Bboh cvicin b Mok doanf cxitize it Ealletitt; gold,
successive | ayers of copper, nickel, and palladiumplated thereover. The
ni ckel | agmd silver hre esaimplemtf materikls/thabdoineg oxidizhén mimsent i nventi on.
The 10 lead frame was fornmed to an angle of 90 degrees with a formng

radi us of 250 The folloWwing 8kamples are for illudtrative ﬁuiff)ase%' éilg. vi ew phot ogr aph
of the FIG 7 |eadfrane after exposure to salt spray for 24 hours.

FIG 9 i SEﬁaﬂgfe Xi ew photograph of an alloy 42 | eadfrane with

5 A_plating bath was prepared by combining 120 g of a nickel complex,
Ni(NH2SO:s)z2, 5 grams of a nickel salt (NiClz-6H20), and 30 grams of a buffer,
H3BOs, and diluting the mixture to one liter volume with water. To this
mixture was added 20 ml] of and aquéous solution containing 10 ppm
perfluoro dodecyl trimethyl mmomm fluoride. The bath temperature was

10 ma.intained at 60°C and the bath pH was 2 during plating. .The bath was
agitated at a rate of 25 cm/sec.
Example 2

The bath described in Example 1 was used to plate nickel on a variety

of metal lead frame substrates. In this example, a 2.5 um-thick layer of

15 conformable nickel was formed on an alloy 194 lead frame with a thickness of

he 0.127 mm by applying a current density of 10 A/dm? to the bath for 1.5

minutes, A 0.025 pm-thick lgyer of palladium strike was formed over the
nickel layer, followed by a 0.0’; 5 um-thick layer of palladium-nickél alloy (80
weight percent palladium), followed by a 0.075 um-thick layer of palladium

20 plate. The conditions used to plate the layers of palladium strike, palladium-

nickel alloy, and palladium plate are well known to one skilled in the art and

are described in U.S. Patent No. 5,360,991 to Abys et al., U.S. Patent No.



15 succe

ssive layers of copper, nickel and palladium plated thereover.

.nickel |layer was plated using a prior ?é: process. The |l ead frane was

formed
FIG 10 i

to an angle of 90 degrees
s a plane view photograph of the FIG 9 lead frane after
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| ead frame substrates. The |lead frane substrates are typically materials

8
descri bed
Def or mat i

PatentNo 4,934,798 e Ab:és eff aloyall pbwhich prejrcorparated by referenges
above) and iron/nickel alloys such as alloy 42.
hereini th a depth of at | east 0.1 [err]mdevelop in the

surface of these substrates when forned according to t he JEDEC

st andar d.

5

10

15

20

E}anﬁi&};el coating has a thickness of at |east about 0.5

In this example, a 3.75 um-thick conformable layer of nickel was
formed on an alloy 194 lead frame having a thickness of 0.2032 mm by
applying a current density of 10 A/dm?2 to the bath described in Example 1 for
2 minutes and 15 seconds. A 0.025 um-thick layer of palladium strike was
formed over the nickel layer, followed by a 0.075 um-thick layer of palladium-
m'citel alloy (80 weight percent palladium), followed by a 0.075 um-thick
layer of palladium plate.

The lead frame was then formed according to the JEDEC standard, i.e.
the leads were bent to form an angle of 90 degrees with the substrate with a
radius of about 250 um. FIGs. 3A and 3B are photographs of the lead frame.
Both are photographs taken from a side perspective. FIG. 3A is at 400x
magnification and FIG. 3B is a photograph at 1000x magnification. Both
photographs demonstrate that cracks did not form through the thickness of
thé conformable nickel coatin; of thg present invention as a result of the
forming process.

Example 4
A copper strike was plated over an alloy 42 lead frame having a

thickness of 0.1524 mm. The copper strike was 0.125 pm thick and was

The

ith a form ng radius of 250 [err]m



5 [err]m It is advantageous if the thickness is at |east about 2 [err]m
. The * conformabl e ni ckel coating does not crack through its thickness
when t he | ead frame substrate i $3formed according to standard

t echni ques such as the JEDEC standard, which requires that the |ead

frame substrate bent at ) e 8 egrees wth form ng radius of
-at | east Biﬁfﬁfi "zgﬁa[@m?m dﬂ’éﬂtl’Hgb'ég}dlﬁ%fgF‘?HttSSr??W%S@H@‘@UPf‘gE@ of the

substrate that are due to form ng have a depth of less than 5 [err]m
Accor di ngthizktlayer sf copper dvas plated beér Bieecdpper strike. Thehdoppeess of at | east
about 100 [err]m As illustrated in FIGs. 2A-2C, surface

i rregul ar pfd ' : anRle2 B8¢ RF pb r in the
| ead f rarnbewgﬁlzosp'gl %%?%%%%O{lﬁgelﬁléggg %%%%Oﬁ#%&%%§i S feg?n?dggccgr 3?%’5‘%? o the

JEDEC st andar d. G .S _a _phot oar aph of | 1.0y 19 ead frane

t hat has B%%W%Foghéél %Oﬁﬁss&ﬁﬁ} (éar&%n@ ’d“é’gj’r é(ggl\ﬂftlﬁoczxehe F’a%t'r SU§ %f about
250 [err]m The photograph reveals, at 200x magnification he

surfack i comgersially availabie copper electroplating batinthat isreelbknovm goms i s a
phot ograph of the identical |lead frane, but at 400x magnification. Again

t he skilled in the art. The copper bath was maintained at a temperature of 45°C

to 55°C and a pH of 10.2 to 10.5 during plating. A current density of 1.3
A/dm? was applied for 20 minutes to obtain a coating of the desired thickness.
A 2.5 um-thick layer of nick-el was plated on the copper coated

10 substrate using a commercially available sulfamate nickel plating bath
obtained from Witco Corporation. The bath composition contained 75 g/l of
nickel sulfamate, 5 g/l of NiCl2-6H20, 30 g/l of H3BOs, combined with enough
water to dilute the mixture to one liter. To this was added 0.3 volume
percent Barret SNAP A/M (an anti-pit agent) and 7.8 ml/l of Barret SNHA (a

15 hardening agent). The temperature of the plating bath was maintained at

ke 50°C and the pH was maintained at 4.0. Moderate agitation was used to mix

the bathy A 0.175 um-thick co%ting of palladium was then applied over the
nici:el layer. ' |
Example 5

20 A 0.125 pm thick layer of nickel strike was plated on an alloy 42 lead
frame with a thickness of 0.1524 mm using the Wood’s Nickel process. In the

Wood’s Nickel process, the substrate is placed in a bath containing 240 g/l of



20 "orange peel" irregularities are clearly revealed in this photograph.
FIG 1C I s a photograph of the idltzntical | ead frame, but froma side

perspective. This 9
phot ograph, at 1000x nmgnification, reveals troughs with a depth of up to 3

t f f t hat f t he f.
L(ra(r)(r:L;nsl " nickel ehiort eeaﬁg @&mﬂgwd@@’gﬁld?ﬁ b?%ﬁf%zf(,seeequrlgrgﬁ larities

crack the nickel coati ’rll‘g t he underlying copper will oxidize,
corrode, avithainjekelelettmodeieTherbathrpdd avas0.6fand theltemperatnoeghthére cracks
to the surface of the coated | ead franme. |If the copper corrosion

products bathiwes dmbidrtl TBtenitkel ydradss lasd by a y app erlgta dafFerdeiensity

solderability and prevents adequate nechani cal ctrical

conec BB ! SRR RS R 1),

10 deg ' %(t))}l)ger was then plated over the nickel strike using the materials and
conditions described in Example 4. A 2.5 um-thick layer of nickel was plated
on the copper coated substrate using the commercially available sulfamate
nickel plating bath described in Example 4. A 0.175 pm-thick coating of
palladium was then applied over the nickel layer.

10 Exa..mple 6

A copper strike was plated over an ailoy 42 lead frame having a

thickness of 0.1524 mm. The copper strike was 0.125 pm thick and was
plated using a current den.sity of 2.6A/dm?. From the same solution, a 4 um
thick layer of copper was plated over the copper strike using the materials

15 and conditions described in Example 4. A 2.5 um-thick layer of conformable
nickgl was plated on fhe copper coated substrate using the conditions
described in Example 2. A 0.175 pum-thick coating of palladium was then
apphed over the nickel layer. :
Example 7

20 A 3.75 pm-thick layer of nickel was plated on a lead frame substrate

made of alloy 194 with a thickness of 0.127 using the prior art process and

materials described in Example 4. A 0.15 pm-thick layer of palladium was



The conformabl e nickel coating is formed on the substrate using an

.electroplating process in which the pH of the bath is maintained in the

range of about 2 to about 2.5. TH& netal lead frane is placed in an

el ectropl ati ng bath containing a nickel conplex and a nickel salt. In

one enbodi nent the 15_ bat h cont ai ns about 75 gé o about 1310 g/I of a

ni ckel cofpsmed eyarthecnickel laygr( ead &rme 35 oaﬁtﬁ doRRSIT

about 5 g/l of a nickel salt such as N J[err]. H20. It |s

advant agethsJEDEQ ataddrididThat 1, theleidsswatzobéni3td axt Iangba o9 deditees

g/I of a buffer such as Herr]Bgerr] and about 5 m/ to about 20 m /| of
PRITALYAY btﬁ{atéa& énmmﬁ@og@téb&s aegUspuah as, for examle,

e he batt

20 perfl uorodo ecyl "trinethyl ammoni um fluorid cont ai ns about 5

that +© * Conbaileststin S ek d B bratRS rman 36 ERRBKRLIY ok ne.

10

5 as aresult of the forming process. FIG. 4A is a photograph of the formed
lead frame from a side perspective at 1000x magnification. FIG.4Bisa
photograph of the same nickel coating in plan view. In FIG. 4A, the
palladium coated over the Itickel layer does not show up as a separate layer.
FIGs. 4A and 4B illustrate that the cratcks that form in nickel as a result of

10 the forming process also form in the palladium coated over the nickel layer.
As previously mentioned, such cracking is detrimental to the solderability of
the lead frame surface.

Example 8
To demonstrate the improvement provided by the conformable nickel

15 coating of the present invention, lead frames prepared as described in
Examples 2, 3, and 7 were subjected to standard tests used to determine if a
coatmg js satisfactory. The coated lead frames described in Examples 2 and
T were subjected to a standard test, MIL-STD-833 (both TM 2003 and TM
2022). TM 2003 is a solderability test, i.e., a “dip-and-look” test to determine

20  if the solder adheres to the coated metal substrate in the requisite amount of
time. TM 2002 is a test to determine the wetting speed of the solder. The

lead frame passed TM 2003 because the solder covered over 95 percent of the



It is advantageous if the bath contains 30 ppmor |ess of netal

I mpurities. Specifically, it is advantageous if the bath contains |ess than
2Q ppmiron inpurities, |ess thatb25 ppm copper, tin, and zinc

i mpurities, and | ess than 30 ppmlead inpurities. 5

A
current density of about 5 Anps/dnferr] to _about 50 Anps/dnferr] is
appl i ed tead feamesnrfagpi The leaddramginasged TM aogﬁémpm Ql%ﬁtaasﬂ?ﬁfl 50[err] C

to about 65[err]Cto plate a |layer of nickel on the lead frane

subst r at exallgifer the soldet o dotahe sufrfidadnnimierioneayeeond s Byt cantpedt, tihout 0. 5
[err]m It is advantageous if the nickel layer has a thickness of at

st @Dk S84 chod BRRCHEIETcARAR  chkroddld dletihds i BB 0, (o
cubst r at & faileohotbehesetests.  rmierial mybe formed gver the nickel
| ayer to inpart desirable properties to the coated | ead franme. For
exanpbPe as desthe teatetldead §ramres descrihed in1Bxamphs03 9od T were subjected . |
whi ch is hereby incorporated by reference, a |ayer of
to a standard test, J-STD-002 (both category 2 and category 3). Category 2 is
a one hour steam age before the “dip-and-look” test”. Category 3 is an eight
hour steam age before the “&ip—and—look test”. The Example 3 lead frame
passed Category 2 because the .solder covered over 95 % of the lead frame.
10 .The‘ Example 3 lead frame passed Category 3 because the s:)lder covered over
95% of the lead frame in less than one second. By contrast, a lead frame
coated with- nickel according to the process described in Example 7 failed
both of these tests. This is illustrated by FIGs. 5 and 6. FIG.5is a
photograph of the leadframe described in Example 3 after steam aging for 8
15 hours followed by the application of solder according to TM 2003. As shown
hs by FIG. 5, the coating uniformly covers the substrate. FIG. 6 is a photograph
of the leadframe described in Example 7 after steam aging for 8 hours
follﬁwed by the applic.ation of ;older according to TM 2003. As shown by FIG.
6, a relatively large hole appeared in the coating, exposing the underlying
20  substrate.

Example 9



pal | adium strike or gold strike is formed over the nickel |ayer, followed

by a- | ayer of palladi umnickel allaqgy, followed by a palladiumlayer.
These subsequent | ayers are |largel®y a matter of design choice.
However, as previ ously noted, it is advantageous for a noble netal

| ayer to be for t he.ni cke t. 0. provi de. a_spl der ahl

su?/f ace. Since ?ﬁl&l 8&§%e§g§s?rﬁb§fp bxan}/pel ﬁ% fFﬁFQE’&cFﬁcﬂ??t?‘% fﬁﬁt a
desirabl e surface for meking electrical connecti ons,

advant ageo@erropionyesigtaree (ESTM B-1DoRBusngibhintesiya least frame 1s

material with good conductivity that does not oxidize in air. Palladium
gol d, subjietedtd ¥ ehltadodutiya e laCtendperaBa sy 635 forlatdoadtal4 RyhsE. ze i n
air. The foll owi ng exanples are for illustrative purposes
only. EH? lﬂaaﬂle? wr%re formed Subh 3hhOth PR 'as%ﬁm%%%a&?&e@f ggoNbi ni ng
120 g of a n| c

5 degrees with the lead frame with a 250 um radius of curvature. The lead
frames were then subjected to salt spray. The results of this test are

summarized in Table 1 below.

TABLE 1
Lead Frame After 8 hours After 24 hours
Example 4 50% rusted 100 % rusted
(fail) (fail)
Example 5 50% rusted 100% rusted
(fail) (fail)
Example 6 <5% rusted <5% rusted
(pass) (pass)
10 These results indicate that, non-copper or non-copper alloy lead frame

substrates (such as the nickel/iron alloy 42) pass the ASTM B-117 test ifa
layer of copper is plated over the substrate, and a layer of conformable nickel
is plated.over the copper. Table 1 demonstrates that alloy 42 substrates were
not adeauately protected by d:copper strike layer, a copper layer, and a non-
15  conformable nickel layer or a nickel strike layer, a copper layer, and a non-
conformable nickel layer.
The superior performance of the conformable nickel coating of the

present invention is also illustrated in FIGs. 7-10. FIG. 7 is a side view



Ni (NH err]SO err])[err], 5 grans of a nickel salt (NCJ[err].6Herr]O, and
30 grans of a buffer, H[err]BCIeHT} and diluting the mxture to one
liter volune with water. To this xture was added 20 nl /I of and
aqueous sol ution containing 10 ppm perfl uoro dodecyl trinethyl

ammoni um f erat 1 | | ned at .60l err] C and
the bath Fﬁb%‘%&é’d%afﬁebﬁspﬁﬁg %Rér%%?%aa%cg%eﬂ BEBmEie ot vien el ¢ O

25 cnl sec. ad“rp e bath described in Exanple 1 was
used to plfarmediaceerding ta@d?E@t%randard tcbanmgéﬁof 2@ degrapsavithim2dlt es. In

this exanple, a 2.5 [err]mthick layer of 15 conformable nickel was

formed on pam radiwyofl@dviaeark. f FEGET deidonstidtes tinets evel after forring) them by
applying a current density of 10 A/dr’r{_err] to the bat h for 1.5

mnut es; Rofaignabigidi 1tésiafe aed il ot I@Rdgover the
ni ckel I ay ? er r? Lo < 0I e i ckelh_ y
| 1 e mthic
Tayer B da}'?%(feamtg?lia fjsaréq i ”"hm;ﬁinuﬁiﬁ asamom[hgé & of
|1
pal [ adi ums?nié le?ad ggmeaalfb:rn{)eing subjected to salt spray for 24 hours. FIG. 8

demonstrates that no rust appeared on the leadframe, even after being
subjected to the corrosive effects of salt spray for 24 hours. This is further
evidence that the coating of applicénts’ invention provided a uniform coating
10 ovez" the underlying substrate, since, if cracks through the coating to the
underlying copper had appeared, rust would have formed on the lead frame
surface after being subjected to the corrosive effects of salt spray for 24
hours.
FIG. 9 is a side view photograph of the lead frame prepared as
15  described in Example 4. A standard commercially available nickel plating
e process was used to form the nickel layer on the lead frame described in
Examplet 4. The lead frame was formed according to JEDEC standard to a
forfning angle of 90°C and a fo;'ming radius of 250 um. FIG. 9 cleafly
demonstrates that that cracks appeared in the nickel layer overlying the
20 copper layer formed on the lead frame. Comparing FIGs. 7 and 9 clearly
demonstrates the superiority of the nickel layer of the present inveni;ion.

FIG. 10 is a photograph of the same lead frame shown in FIG. 9 after being



ni ckel alloy, and palladiumplate are well known to one skilled in the art

and -

are described in U S. Patent No. 5,360,991 to Abys et al.,

Pat ent No. 19 12
4,178,475 to Abys et al., U S Patent No. 4,911,798 to Abys et al.,

u. S

Incorporaxﬂgbdwdrtefsamm for 8 hdweseiRust is clearkpasible i8 FIG5 10. This In this
a 3.75 [err]mthlck conformabl e | ayer of nickel was fornmed

exanpl e,

Patent No. 4,911,799 to Abys et al., all of which are

ggpﬁgl ﬁlglw%%%f%érﬁ éagst%éﬁgﬁﬂéﬁ\éﬁ&%ﬁé#ﬂ& F??}?%h?&n@%eg? %gecfg&s? cérl?ébed I n Exanpl e
éar F;dl ur#@@% 5%550 b%ﬁd'n]ﬁﬁw g‘s; él;hpétr(ﬁ)g’r%f Q,‘{?'@{‘s hg}}é’g Ia%(?l 3 dm;)y a
0.075 [err]mthick |layer of palladium 10 nickel alloy (80 weight percent
pal | adi urthrotigh thewicks] layer offthe prrespnt invietion after the lead frame on
5 which the coating is applied has been formed according to JEDEC standard.
This is in contrast to prior art nickel coatings, in which cracks do appear
when the lead frame on which these coatings are applied are formed
according to JEDEC standa'rds.
Exgmple 10
10 A variety of substrates were coated with the conformable nickel
coating of the present invention using the formulation described in Example
1. These substrates were then formed. The degree of bending was varied
from 90 to 180 degrees. The surface non-uniformity of these formed
substrates was observed and characterized in terms of the depth of the
15 depressions observed in the substrate surface. The conformable nickel

coatings were examined to determine if they cracked during the forming

process. ; The following Table 2 summarizes the results.



l'ayer of palladium pl ate. The | ead franme was then forned
according to the JEDEC standard, i.e. the | eads were bent to forman
angl e of 90 degrees with the substrate Wth a radi us of about 250
[err]m FIGs. 3A and 3B are photographs of the lead frane. 15 Both are
phot ographs taken froma side perspective. FIG 3Ais at 400x

magni fication and FIG 3B is a photograph at 1000x nagnification. Both
phot ographs denonstrate that cracks did not formthrough the thickness of
t he conformabl e nickel coating of th&AJlE&nt invention as a result of the

formng process. 20 Exanple 4 A copper strike was plated
over an al ISupstateeadThickiRs®avi nBend Curkl RhfesPeplredbidp24 Mpackhe
copper stri I((glmgy 0. 125“95“ hi ck(cg@geé/@s (um) (um)
13 Cu 194 200 90 150 2 no
Cu 194 200 180 500 3 no
Cul94 250 20 150 2 no
Cu 194 250 180 500 3 no
Cu 194 250 180 250 >5 yes
BeCu 125 180 250 3 no
Alloy 42 150 20 250 2 no
Alloy 42 150 . 180 875 1 no

As demonstrated by Table 2, the conformable nickel coating of the
5 present invention resists cracking if the depressions in the lead frame

substrate that results from the forming process are less than 5 um in depth.

«i
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pl ated with a current density of 2.6 Aldnferr]. Fromthe sane solution, a 4

ferrfm thick layer of copper was plated over the copper strike. The
copper el ectropl ating bath contdlned 42 g/| of copper cyanide, 66.6
g/l of potassium cyanide, 30 g/l of potassium carbonate, and 60 g/l
of Rochel salt, This,is a 5 commercially avail able copper

el ectropl st’gﬂlﬁl‘i ¥ is well known to one skilled in the art.
The copper bath was maintained at a tenperature of 45[err]C to

55[err] C and alpi ldadifpathe condpriSingla suhstpatatmade of acnatemal skectedy of 1.3
Aldnerr] was applied for 20 mnutes to obtain a coating of the desired

t hi cknessfrom the ﬁroufocons?sh?né of 8sppeR tdpper diRyarard nitkek&lloy@svith at ed on

t he copper coate substrate ‘using ‘a cormerci ally available sul famate

ni ckel plati h_. | n fr. b 1 rporatl Qna. I t h
conpositi %;r#fglglﬁ? glien%ﬁ’ k;}sc%z}tfx?%?ﬂer%gn wi ia\é\{é@%& fdgor%teié?&salb?qqeoo?%m
NiCl[err].6H err]O_, 30 g/l of Herr]Bgerr], conbined wth enough

wat er to Woereln raekythaough the essof thegickel dayersdenabform whey une
percent Barret SNAP A/M (an anti-pit agent) and 7.8 m /|l of Barret SNHA (a

15 hdr dethepaddeaine. is Deat te apeimgtie o avledsbabput BRdpgheddwitis a feuirgt ned at

radius of about 150 um to about 300 um when the depth of the surface
deformations that appear in the metal substrate as a result of the bending do

not exceed about 5 pm.

2. The lead frame of claim 1 wherein the substrate is a leadframe
10 made of a materials selected from the group consisting of alloy 151, alloy

194., alloy 7025, and alloy 42.

3. The lead frame of claim 1 wherein the surface deformations that

result when the lead frame is bent have a depth of at least 0.1 um.

-
»
“uy
L}

4. The lead frame of claim 1 wherein the conformable nickei coating is
- 15 formed by placing the lead frame in a nickel bath comprising about 75 g/l to
about 130 g/l of a nickel complex, about 3 g/l of a nickel salt, about 30 g/1 to
about 45 g/l of a buffer, and about 5 ml/l to about 20 ml/1 of a perfluorinated

quaternary amine wetting agent and maintaining the pH of the bath in the

MWW
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SO0[err] C and the pH was maintained at 4.0. Mderate agitation was used to

mx*

appl i ed over the ni ckel |ayer.

the bath A 0.175 [err]mthicszoating of palladiumwas then

[err]mthick | ayer of nickel strike was plated on an alloy 42 |ead

wood s N AeBe B EBGER Biabuled we TuPide B AEREaP aRbALTRE BERRFR 240 o)

of

14 ni ckel

chl ori de dx¥apsmitoabat 53 Ampsideyifer amnegiodrfdime sutfigient jainlakesa

with a nickel electrode. The bath pH was 0.6 and the tenperature of t
bat h was daayercoft nickékofthekdésited/ thicknessporstiocthelsubsprdtei ng a current density
2 Aldnerr] to about 5 Aldnferr] for one mnute. A4 [err]mthick

of about
| ayer of

5 copper was then plated over the nickel strike using the

materi als and

10

15

5. The lead frame of claim 4 wherein the nickel bath is maintained at

a temperature of about 10°C to about 60°C during plating.

6. The lead frame of claim 5 wherein the nickel bath is agitated at a
speed of about 25 cm/sec to about 60 cm/sec during plating.
7. The lead frame of claim 4 wherein the nickel complex is nickel

sulfamide and the nickel salt is nickel chloride.

8. The lead frame of claim 7 wherein the perfluorinated quaternary

amine is perfluoro dodecyl trimethyl ammonium fluoride.

9;,' The lead frame of claim 1 wherein a layer of copper with a

thickness of about 0.5 um to about 10 pum is interposed between the

leadframe substrate and the nickel layer.

10. The lead frame of claim 9 further comprising a nickel strike layer

interposed between the leadframe substrate and the copper layer.

This Sheet Has Been Replaced
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condi tions described in Exanple 4. A 2.5 [err]mthick |ayer of nickel was

pl ated on the copper coated subﬁérate using the commercially

avai |l abl e sul famate ni ckel platirng bath described in Exanple 4. A
0.175 [err]mthick coating of pal | adi um was t hen applied over the

ni ckel layer. 10 Exanple 6 A copper strike was plated over an
alloy 42 lead frane having a t hi ckness of 0.1524 nm The copper

strike was 0.1 rr, hi ck . | at ed. usi a,current density
of 2.6A dnfer rff- &‘S&#%@%ﬁﬁ%‘ﬁ%ﬁ#%ﬁ%@?ﬂ%g aggeasﬁ?u“@léai”ﬁw of
copper was pl ated over the copper strike using the materials 15 and
condi t i ond ngblecmiebaldmateriaksalecied fromzthe grenp consistinig ofgodd, palladinmor mabl e
ni ckel was plated on the copper coated substrate using the conditions

descri bedplatinem)#iver and dlodéthepsdf] m t hi ck coating of palladi umwas then
appl i ed over the nickel |ayer. Exanple 7 20 A 3.75

[err]mthick |ayer of nickel was plated on a | ead franme substrate

12. The method for electroplating a layer of conformable nickel on a
5 metal substrate comprising placing a metal substrate made of a material

selected from the group consisting of copper, copper alloys, and nickel alloys
in a nickel bath comprising about 75 g/l to about 130 g/l of a nickel complex,
aboﬁt 3 g/1 of a nickel salt, about 30 g/1 to about 45 g/l of a buffer, and about 5
ml/] to about 50 ml/l of a perfluorinated quaternary amine wetting agent and

10 maintaining the pH of the bath in the range of about 2 to about 2.5 while
applying a current density of about 5 Amps/dm? to about 50 Amps/dm? for a
period of time sufficient to plate a layer of nickel of the desired thickness onto

the substrate.

13: The method of claim 12 wherein the substrate material is selected

15 from the group consisting of aﬁoy 151, alloy 194., alloy 7025, and élloy 42.

14. The method of claim 12 wherein the bath temperature is
maintained at a temperature in the range of about 50°C to about 65°C during

plating
This Sheet Has Been Re
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made of alloy 194 with a thickness of 0.127 using the prior art process and
materials described in Exanple 4. A 0. 1524[ err]mthick layer of palladium
was 15 forned over

t he nickel layer. The lead frane was then forned according to t he

JEDEC st andard. {&h | t tﬁ&%‘p es
relative to thel éggjéégﬁ%&&?ﬁg@%d%ﬁ)e?gﬁ]g lg%%gowa %8'& P%&F?%?

As illustrated in, FIGs. 4 d 4B, .cracks forned ip this nickel |ayer 5
as a resul ﬁ‘%mqtﬁlesqlb?tﬁﬁﬁg%%gﬁ%&% layerqf nigkelvas Bﬂ"fﬁ’aéﬁﬁfﬁp"@?- t he formed

| ead frame froma side perspective at 1000x magnification. FIG 4B is a
phot ograph of the sane nickel coating in plan view. In FIG 4A, the

pal | adi um coat ed over the nickel |ayer does not show up as a separate

| ayer. FIGs. 4A and 4B illustrate that the cracks that formin nickel
as aresult of 10 the formng process also formin the palladi um coated
over the nickel |ayer.

2t
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As brevi ously nmentioned, such cracking is detrinental to the solderability

of .- the |l ead franme surface. Exanple 8 To denonstrate
the inprovement provided by the conforngBl e nickel 15 coating of the
present invention, |lead franes prepared as described in Exanpl es 2,

3, and 7 were subjecte %@8@@ e @[f e if a
coating is satlsf{actorg:;;;a mg%im%i%?ggﬁggmmg@aangl es 2 and
7 were subjected t oF: B 3 and T™
2022). TM 2003 is a sol dé}QNIE(DRMAwnENI@KEIaCmAﬂINGI | ook" test to

determne 20 if the solder adheres to the coated netal substrate in the

requi sig e anount of time. TM 2002 is a test to determne the wetting
speed of t ARSPRACT The | ead frame passed TM 2003 because the sol der
covered over 95 percent of the

16

The present invention is directed to a lead frame in which the metal
lead frame substrate is copper, copper alloy, or nickel alloy. The lead frame
substrate is coated with a conformable nickel coating that is crack-resistant

10  when the lead frame is bent to an angle of at least 82 degrees with a bend
radius of about 150 um to about 300 um. Bending the lead frame in this
manner causes surface deformations in the lead frame substrate. Cracks do
not appear through the thickness of the conformable nickel coating of the
present invention when the depth of the deformations that result from this

15 Bending do not exceed about 5 um.

A1}
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| ead frame surface. The |ead franme passed TM 2022 because the standard
calls for the solder to wet the syrf aggysS n2a#idqQ one second. By contrast,
t he | ead frame coated with nickel according to the process
described in Exanple 7 failed both of these tests. 5

The coated | ead frames described in Exanples 3 and 7 were subjected

to a standard test, J-STD-002 (both categgQry 2 and category 3). Category 2

is a one hour steam age before e "di p-and-1ook" test". Category
3 is an eight hour steam age before the "dip-and-look test". The
Exanple 3 lead frane passed Category 2 because the sol der covered
over 95 % of the |ead frane. 10 The Exanple 3 | ead franme passed

Cat egory 3 because the sol der covered over 95% of the lead frane
in |less than onef?gcon By contrast, a lead frane coated with

ni ckel according {0 the process descrlbed in Exanple 7 failed bot h

of these tests. This is illustrated by FIG. 5 and 6. FIG 5 is a
phot ograph of the | eadfrane described in Exanple 3 after steamaging for 8
15 hours followed by the application of solder according to TM 2003. As

shown c
12}/{ 14
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by FIG 5, the coating uniformly covers the substrate. FIG 6 is a

phot ogr aph of the | eadframe described in Exanple 7 after steam
aging for 8 hours foll owed by the application of solder according
to TM 2003. As shown by FIG . 6, arelatively large hol e appeared
In the coating, exposing the underlying 20 substrate. Exanpl e
9 17 The | ead
frames described in Exanples 4-6 were subjected to a test for

corrosion resistance (ASTM B-117). During this test, a lead frane is
subjected to a salt solution at a tenperat%qa of 35[err]C for at |east 24

hour s. The | ead frames were forned such that the | eads fornmed an
angl e of 90 5 degrees with the lead frame with a 250 [err]mradi us of -
curvature. The |ead frames were then subjected to salt spray. The
results of this test are

FIG.  2A

FIG. 2B




summari zed in Table 1 bel ow. . TABLE

1 Lead Frame After 8 hours After 24
hour s Exanpl e 4 50% r ust ed 100 %
rusted (fail)

(fail) Exanpl e 5 50% r ust ed 100%
rusted (fail)

(fail) Exanpl e 6 <5% r ust ed <5%
rusted : (pass)

(pass) 10 These results indicate that, non-copper or non-copper
alloy lead frane substrates (suc}yzas the nickel/iron alloy 42) pass
the ASTM B-117 test if a | ayer of copper is plated over the
substrate, and a | ayer of confornmable nickel is plated over the
copper. Table 1 denonstrates that alloy 42 substrates were not

adequately protected by a copper strike |ayer, a copper |ayer, and a non-
15 (xnﬁﬁypablgg?ickel | ayer or a nickel strike |layer, a copper |ayer, and
a non- 7o ¢ ormabl e ni ckel |ayer. The superior perfornmance
of the confornmabl e nickel coating of the

i
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present invention is also illustrated in FIG. 7-10. FIG 7 is a side view
18 phot ograph of the |l ead franme prepared as described in Exanple 6,
whi ch was formed according to JEDEC standard to an angle of 90
degrees with a 250 [err]mradius of curvature. FIG 7 denonstrates
that, even after formng, the conf ormabl e ni ckel coating provides a
uni form coati ng over the underlying 5 layer, despite the surface
deformations therein. FIG 8 is a photograph of the sanme | ead frane
after being subjected to salt spray far/g24 hours. FIG 8

denonstrates that no rust appeared on the |eadfranme, even after being
subjected to the corrosive effects of salt spray for 24 hours. This is

further evi dence that the coating of applicants' invention provided
a uniformcoating 10 over the underlying substrate, since, if cracks
t hrough the coating to the under |l yi ng copper had appeared, rust woul d

have fodnéd ordAhe | ead franme

FIG. 3B

e




surface after .being subjected to the corrosive effects of salt spray for 24

hour s. FIG 9 is a side view photograph of the |lead frane
prepared as 15 described in Exanple 4. A standard comrercially avail able
ni ckel plating process was used to formthe nickel layer on the |ead
frame described in Exanple 4. The lead franme was forned according to
JEDEC standard to a formng angle of 90[err]C and a form ng radius of
250 [errfm FIG 9 clearly denonstrates that that cracks appeared in
t he nickel layer overlying the 20 copper layer forned on the |ead frane.
Comparing FIGs. 7 and 9 clearly denonstrates the superiority of the
ni ckel |ayer of the present invention. /2 FIG 10 is a photograph of the
sane |ead frame shown in FIG 9 after being
19 subjected to salt spray for 8 hours. Rust is clearly visible in
FIG 10. This

FIG. 1A

FIG. .48
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further denonstrates that cracks appeared in the nickel |ayer of the

| eadf ranme described in Exanple 4. Therefore, cracks do not appear in

t hrough the nickel |ayer of the present invention after the |lead frane on
5 which the coating is applied has been fornmed according to JEDEC

standard. - This is in contrast to prior _.art nickel coatings, in which
cracks do appear when the |ead frame oR’ihich these coatings are
applied are forned according to JEDEC st andar ds. Exanple 10 10

A variety of substrates were coated with the conformabl e ni cke

coating of the present I nvention using the fornulation described in Exanple
1. These subst wgre then forned. The degree of bending was varied
from90 to 180 greé The surface non-uniformty of these forned
substrates was observed and characterized in terns of the depth of the 15
depressions observed in the substrate surface. The conformable nickel
coatings were exam ned tg¢ _ ;“n_rauked:§UP+ ; g§r m ng

FIG. 6

b1}
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process. The follow ng Table 2 summari zes the results. :
20 TABLE 2 Substrate

Thi ckness Bend Curv. Rad. Depression Crack (all oy)

([err]m (degrees) ([err]m ([err]m Cu 194 200
90 150 2 no Cu 194 200 180
500 3 no Cu 194 250 90 150
2 no Cu 194 250 180 500 3
no Cu 194 250 180 , 250 >5 yes
BeCu 125 180 250,32 3 no

Al |l oy 42 150 90 250 2 no

Al'l oy 42 150 180 875 1 no

As denonstrated by Table 2, the conformable nickel coating of the 5
present invention resists cracking if the depressions in the |lead frane
substrate thAy refults fromthe form ng process are less than 5 [err]min
dept h.

FIG. 8

-
¥




21 VWhat is clainmed is: 1. Alead frane conprising a
substrate nade of a material selected fromthe group consi sting of
copper, copper alloys and nickel alloys with a conformabl e nickel

coating thereon with a thickness of at |east about 0.5 [err] mwherein
cracks through the t hi ckness of the nickel |ayer do not form when
the lead franme is bent to an angl e of 5 at | east about 82 degrees with
a formng radius of about 150 [err]mto about 300 [err]m when t he
depth of the surface deformations that appear in the nmetal substrate as a
result of the bending do not exceed about $:{err]m 2. The
|l ead frame of claim1 wherein the substrate 1s a netal alloy substrate

.4




selected fromthe group consisting of alloy 151, alloy 194, alloy 7025, and

.alloy 42. 10 3. The lead franme of claim1l whefei-n-t-he--sur-f-ace—
def ormati ons that result when the lead frane is be BEHM&MEN%pSHEE)’]f
‘at least 0,1 [err]m 4. The lead frane of ¢l @mmI—whrerern

t he conformabl e nickel coating is formed by placing |

i n a nickel bath conprising about 75 g/l to about 39 glie@j{’rﬁﬁl
as a nickel conplex, about 3 g/l to about 5 g/l of a nickgl Lealt
about 30 g/l to about 45 g/l of a buffer, and about 5 m/} to about 20 m /1
of a fl uorochem cal -containing wgfti ng agent and | T -
of the bath in the range of about 2 to about 2.5 while applying a
current density of about s/d t o about 50 Anps/dnjerr] for
a period of time suffiCONKF MELEH]IC&@LGQ&THHGANDt he

desired thickness oPROCESS FOR GOATINGOAN ARTICLESWITH A ead frame of

claim4 wherein the ni ckeiQONFORMABLENICKEIACOATING tenperature of
about 50[err]C to about 65[err]C during plating.

5

ABSTRACT -

The present invention is directed to a lead frame in which the metal
lead frame substrate is copper, copper alloy, or nickel alloy. The lead frame
substrate is coated with a conformable nickel coating that is crack-resistant

" 0 when the lead frame is bent to an angle of at least 82 degrees with a bend
radius of about 150 um to about 300 um. Bending the lead frame in this
manner causes surface deformations in the lead frame substrate. Cracks do
not appear through the thickness of the conformable nickel coating of the
present invention when the depth of the deformations that result from this

5 bending do not exceed about 5 um.

Figure 1



22 6. The lead frame of claim5 wherein t
agitated at a speed of about- 25 cm sec to about REPEA@%VEquSHEET

pl ati ng. 7. The lead frame of claim4 whé
- conpl ex is nickel sulfamate and the nickel salt i

5 " 8. The lead franme of claim7 wherein the

fl uorochem cal -contai ning wetting agent is an aql

conpri sing perfluorinated quaternary ani ne.

P T eI oI

S ”'Ckelgﬁqgﬁf'

eQus_sol ution

j ey

9. The | ead

e

frame of claiml1l wherein the lead frane substrate is an

substrate and a | ayer of copper with a thickness of about 0.5 [err]mto

about 10 [errImis 1/8

FIG. 1

12 14

all ove 42
o=yl




i'nterposed between the | ead frame substrate and the nickel |ayer. 10

10. The lead frame of claim1 further conpri'sing-at.least [qEtayver—of—a
nobl e netal material selected fr roup consi <{REPQA§EWM§HSHEET
pal | adium silver, and alloys th W@ IZ'"[M’ 11 A et ho
for electroplating a layer of confornable tcl| FEQ 13%%
substrate conprising placing a netal substrate néde of*a a er| aI I ef
fromthe 15 group consi sting of copperi copper alloys, |afrt—tt+en—attoeys
in a nickel bath conprising about 75 g/l to about 130 g/l of ni ckel
as a nickel conplex, about 3 g/l to about 5 g/l of a nrckKer sart;
about 30 g/ |What ialzbaitnedSs:g/| of a buffer, and about 5 m /I to about 20

m /1 of a fluorochem cal wetting agent and maintaining the pH of the bath
in the r angeAQéadRaut cdmpflsial Aubstrate WUde F ANRMKHMNefectd! frSkithe
density of about 5 Amps/dnierr] 20 to about 50 Anps/dnferr] for a period
of time suf fgreupecdnsisting ofitepper,|copper ablbynamksitked falloyewith a confoiaable ahckel

t hi ckness onto the substrate and wherein the resulting confornable nickel
coat i ng has caating therespswith adbickneas of atlsest abow (.8 ] whedesr esackscthamigh thér ough

t he thickness . .
thickness of the nickel layer do not form when the lead frame is bent to an angle of

5 at least about 82 degrees with a forming radius of about 150 pm to about 300 um
when the depth of the surface deformations that appear in the metal substrate as a

result of the bending do not exceed about 5 pm.

2. The lead frame of claim 1 wherein the substrate is a metal alloy substrate

selected from the group consisting of alloy 151, alloy 194, alloy 7025, and alloy 42.

10 3. The lead frame of claim 1 wherein the surface deformatizms that result

when the lead frame is bent have a depth of at least 0.1 pm.

4. The lead frame of claim 1 wherein the conformable nickel coating is
formed by placing the lead frame in a nickel bath comprising about 75 g/l to about
130 g/l of nickel as a nickel complex, about 3 g/ to about 5 g/l of a nickel salt,

about 30 g/l to about 45 g/l of a buffer, and about 5 ml/l to about 20 ml/l of a

fluorochemical-containing wetting agent and maintaining the pH of the bath in the

range of about 2 to about 2.5 while applying a current density of about 5 Amps/dm?
to about 50 Amps/dm? for a period of time sufficient to plate a layer of nickel of the

desired thickness onto the substrate.

20 5. The lead frame of claim 4 wherein the nickel bath is maintained at a

temperature of about 50°C to about 65°C during plating.




23 of the nickel layer do not formwhen the |ead frame #s-bent fa_an

angl e of at | east about 82 degrée"é' with a formng tadi d&F QLAggmgf\gflgp;U

[err] to about 300 [err]mwhen the llmﬂ"'" ‘JIOE ln[rface;e o
et gen, e el s ace o JIRIBIRANT , et e

substrate material is selected from t he group consi stl gLof _all oy
151, alloy 194, alloy 7025, and alloy 4% Th? met hod of
claim1l wherein the bath tenperature is maintained at a terpeat-t-e

in the range of a&0oThe falleftani&of Glaih Fivhére{reihe] ficltl bathlisigRhied %t a speed

of about 25 cm/sec to about 60 cm/sec during plating.

7. The lead frame of claim 4 wherein the nickel complex is nickel sulfamate

and the nickel salt is nickel chloride.

5 8. The lead frame of claim 7 wherein the fluorochemical-containing wetting

agent is an aqueous solution comprising perfluorinated quaternary amine.

~ 9. The lead frame of claim 1 wherein the lead frame substrate is an alloy 42

substrate and a layer of copper with a thickness of about 0.5 um to about 10 pm is

interposed between the lead frame substrate and the nickel layer.

10 10. The lead frame of claim 1 further comprising at least one layer of a noble
metal material selected from the group consisting of gold, palladium, silver, and

alloys thereof.

11, A method for electroplating a layer of conformable nickel on a metal
substrate comprising placing a metal substrate made of a material selected from the
15 group consisting of copper, copper alloys, and iron alloys in a nickel bath comprising
about 75 g/l to about 130 g/ of nickel as a nickel complex, about 3 g/l to about 5 g/l
of a nickel salt, about 30 g/l to about 45 g/l of a buffer, and about 5 ml/I to about 20
ml/l of a fluorochemical wetting agent and maintaining the pH of the bath in the
range of about 2 to about 2.5 while applying a current density of about 5 Amps/dm?
20  to about 50 Amps/dm?® for a period of time sufficient to plate a layer of nickel of the

desired thickness onto the substrate and wherein the resulting conformable nickel

coating has a thickness of at least about 0.5 um wherein cracks through the thickness




"14. The nmethod of claim 11 wherein the substrate materi al

‘before plating the | ayer. of nickel thereover.
met hod of claim 11 wherein the fluorochenical wetting agen
aqueous sol ution conprising perfluorinated quaternary am ng.
16. The nmethod of claim 11 wherein the nickel bath is agitated
of 15 about 25 cnisec to about 60 cmzsec during plating]_
17. The lead frame of claim 11 wherein the nickel conplex is nickel

sul f amat e of the nickeldlayéredonokformswhén tle lead Kmineciklbeni thean angle of at least

at a speed

about 82 degrees with a forming radius of about 150 p to about 300 um when the

depth of the surface deformations that appear in the metal substrate as a result of the

bending do not exceed about 5 um.

5 . 12. The method of claim 11 wherein the substrate material is selected from

the group consisting of alloy 151, alloy 194, alloy 7025, and alloy 42.

13, The method of claim 11 wherein the bath temperature is maintained at a

~ temperature in the range of about 50°C to about 65°C during plating.

14. The method of claim 11 wherein the substrate material is alloy 42 and

10 further comprising plating a layer of copper on the metal substrate before plating the

layer of nickel thereover.

15. The method of claim 11 wherein the fluorochemical wetting agent is an

aqueous solution comprising perfluorinated quaternary amine.

16. The method of claim 11 wherein the nickel bath is agitated at a speed of

15  about 25 cm/sec to about 60 cm/sec during plating.

17. The lead frame of claim 11 wherein the nickel complex is nickel sulfamate

- and the nickel salt is nickel chloride.
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