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-PORCSI TY REDUCTION Field OF The Invention This invention relates to plated
metal articles for protecting a nmetal substrate 5 fromcorrosion and, in
particular, to an article having a nultilayer finish conprising an

anor phous netal underlayer, a corrosion-resistant netal mddle | ayer and

one or nore precious netal outer layers. The surface finish is especially
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However n
wide variety of products including consumer electronics, household appliances,

computers, automobiles, telecommunications, robotics and military equipment.
Connectors provide the paths whereby electrical current flows from one device to
15 another. Quality connectors should be highly conductive, corrosion resistant, wear

resistant, readily connected by solder and preferably inexpensive.

Unfortunately no single material has all of the desired characteristics. Copper
and many of its alloys are highly conductive, but they are subject to corrosion in typical
ambients, producing reactive oxides and sulfides. The corrosion products on the surface

20 reduce the conductivity of the connectors and the reliability of interconnection. The
reactive corrosion products also interfere with the formation and reliability of solder

bonds and can migrate to other electronic components which they adversely affect.

Thin precious metal layers have been applied to copper surfaces to increase
corrosion resistance. But the precious metal layers are porous, and corrosion through

25 the pores continues to be a problem.

Nickel coatings have been applied under the precious metal outer layer to serve

as barriers to the formation and migration of reactive copper products. However nickel



3 FEB 2004 2 coatings also exhibit porosity. Although the porosity ay¢#32m4
corrosion are reduced by the nickel barrier, the corrosion products of
copper can still formand mgrate through the finish. The porosity of the
ni ckel coatings can be reduced by increasing the nickel thickness, but

thi ck nickel coatings take substantially |onger to produce and tend to 5
crack in use. Longer production tines an | ower productivity and higher

production cost An inproved integrated circuit |ead frane ggr@ri st:hng
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Summary Of The Invention

15 In accordance with the invention, a metal substrate is coated with a multilayer
surface finish comprising, in succession, an amorphous metal underlayer, a corrosion-
resistent metal middle layer and one or more outer layers of precious metal. In an
exemplary embodiment the metal substrate comprises copper alloy, the amorphous
metal underlayer is Ni-P, the middle layer is nickel and the outer layer is palladium.

20  The resulting structure is particularly useful as an electrical connector.

Brief Summary Of The Drawings

The advantages, nature and various additional features of the invention will
appear more fully upon consideration of the illustrative embodiments now to be

described in detail in connection with the accompanying drawings. In the drawings:

25 Fig. 1 is a schematic cross section of a metal article coated in accordance with

the invention;

Fig. 2 is a block diagram showing the steps involved in making a coated metal

article;



article; 3 FEB 2004 3 Fig. 3 shows a substrate for making an el ect ri calFEB 2004
connector using the process of Fig. 2; Figs. 4A and 4B are photographs
conparing the corrosion resistance of the invention with a conventionally
coated article; and 5 Fig. 5 shows a substrate for making an integrated
circuit lead frame. It is to be undersgood that these drawi ngs are for
purposes of illustrating the concepts of the invention and are not to

scale. Detailed cripti Fig. 1..s a sgh j : j nmet al
Subst at e 10 ComcetronsprgRoarh Rughuls Fu SERGR depoBlEr BuPETte AR5 o 4P 10
or der frq:q%.tzhe substrate, an underlayer 12 of anorphous netal, an
internmediate’ | ayer 13 of corrosion resistant nmetal and an outer |ayer 14
of precious netal. The netal substrate is typically a. netal subject to
corrosion i nFigpidakndmB et shefosiphs cewpyarg theoppreesian FW,‘MCPdﬁ fid iron
al l oys. The under) ayer 1is. . al coatable on the substrate.
It typi céﬁ"fﬁ?gﬂ%?’\%&?[ nl"%@oﬁo@ g&?éqogrglgl% i Ckel - phosphorus alloy with
phosphorus 2- about 10 wt % is satisfactory for substrates conprising

' coppey or i rorkig N sHoRls-aibspiefdad sndkitiposi @regaited cibaiit leghfhspaor us can al so
be used. The internediate |ayer 13 of corrosion resistant netal can be

ni ckel , nickel alloys, cobalt or_ cobalt_ alloys. The precious netal |ayer
(or layers) 14ténip be upderstaad dhat th@%l‘yﬁwf%(ﬁr%ﬁ?f PURPRER ?Jgrﬂl“ﬁﬁr%[’cqgn fh or
their all [ | .adi Lakel and 20 palladiumcobalt. The
anor phousc?%{(?le éf?@;ﬁlg?ﬁfég%rﬁ@glagghgt\r/%@gﬁfghi ckness in the range about 0.1 -
2.5 p.m The internediate |layer 13 typically has a thickness about 0.1 -
2.5 pm dhétalibkDegorigntionus nmetal | ayer is preferably |l ess than about 1.5 m
The anorphous netal has no substantial crystalline structure and no

significant nynber of grain boundaries in the terigl . | S,
el im nates stri8tdril acfé]i‘%"g?téc FWngFﬁ‘?%%Sﬁﬁd%f%ssugﬁéﬁe arr%le C%J‘E%Er&he 2of
POroghty dotnfsRORBLEND REMURG, & &b didBef Shrthe subsate, an underlayer 12 of

amorphous metal, an intermediate layer 13 of corrosion resistant metal and an outer

layer 14 of precious metal. The metal substrate is typically a metal subject to corroston
in typical ambients such as copper, copper alloy, iron and iron alloys. The underlayer 18
an amorphous metal coatable on the substrate. It typically has very low porosity.
15 Nickel-phosphorus alloy with phosphorus > about 10 wt % is satisfactory for substrates
comprising copper or iron. Nickel-phosphorus-tungsten or cobalt-phosphorus can also
be used. The intermediate layer 13 of corrosion resistant metal can be nickel, nickel
alloys, cobalt or cobalt alloys. The precious metal layer (or layers) 14 can be palladium,
gold, rhodium, ruthenium, platinum or their alloys, especially palladium-nickel and

20 palladium-cobalt.

The amorphous underlayer 12 should have a thickness in the range about 0.1 -
2.5 um. The intermediate layer 13 typically has a thickness about 0.1 - 2.5 um; and the

precious metal layer is preferably less than about 1.5 um.

The amorphous metal has no substantial crystalline structure and no significant
25 - number of grain boundaries in the material. This eliminates structural defects in grain
boundaries that are a source of porosity in a coating having a crystalline structure.

Therefore, the amorphous metal coating can have very low porosity. In addition, the



Therefore, the anorphous netal coating can have very | ow porosity. |§FEBTW4
addition, the 3 FEB 2004 4 corrosion resistant netal coating i nmediately
underneath the precious netal layer(s) mnimzes the formation of
corrosion products on the finished surface. In surface finishing

processes, the production of the coating underneath the precious netal

| ayer(s) is usually the speed-controlling step. By using an underlayer 5
coating I
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be el ectrodeposited Ni-P with P content higher than about 10 wt % to
assure anorphous structure. A suitable N -P anorphous |ayer can be

el ect r odeposi t Edamplel- Flestfied] |Gomnaetohat h conposi tion: 25N ckel
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Fig. 2 is a block diagram of the steps in making a coated metal electrical
connector. The first step, shown in Block A, is to provide a metal substrate. It can be

formed into a desired configuration as stamping or etching a metal blank.

15 Fig. 3 illustrates electrical connector 30 having a connector body 31 and a
mating pin 32. The connector body 31 and the pin 32 are made of high conductivity
metal such as copper-nickel-tin alloy No. 725 (88.2 wt % Cu, 9.5 Ni, 2.3 Sn; ASTM

Spec. No. B122), and the pin and body serve as exemplary substrates for this process.

The next step, shown in Block B, is to coat the conductive substrate with an

20 amorphous coating such as a nickel-phosphorus coating. The amorphous layer should
have a thickness greater than about 0.1 um and is preferably about 0.5 to 1.0 pm. It can

be electrodeposited Ni-P with P content higher than about 10 wt % to assure amorphous
structure. A suitable Ni-P amorphous layer can be electrodeposited using the following

bath composition:

25 Nickel sulfate NiSO.6H,0 100 - 300 g/l
Nickel chloride NiCl,6H,0O 40 - 60 gfl
Phosphorous acid  HiPOs; 40 - 100 g/l

Phosphoric acid H3P O, 0-50g/



Phosphor ous aci dH3P0340 - 100 g/| Phosphoric aci dH3P040 - 50 g/l 3 FEB“:EBZU[]4
2004 5 The third step, Block C, is to apply over the anorphous coating a

m ddl e | ayer of corrosion resistant netal such as nickel. The netal

m ddl e | ayer should have a thickness greater than about 0.1 pmand is
preferably about 0.5-1.0 m A suitablesNi |ayer can be el ectrodeposited
using the follow ng bath: 5 Nickel sulfamate N (SGNH2) 24H20 315 - 650 g/
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deposi ted fromthe%ll adj um el ectrqc;?‘_’atl ng sol ution descr din United

St at es Pat ent 1acidr99 j ssudd March 27, 1990 1%- f’ﬂg Abys et al.
which is jncorporated herejn. b refer aIIadlumnlck with
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her elith bymidéfearoaticgecantbarahikled ialioy, cobat br abcbtiajit aﬂayl be deposited as
descri bed in the copending United States Patent application S N
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nickel or palladium-cobalt) on top of the middle layer. The precious metal total

thickness 1s less than about 1.5 pm. For a connector it is advantageously greater than

15 about 0.1 um and preferably about 0.5-1.0 um. A suitable palladium layer can be
deposited from the palladium electroplating solution described in United States Patent

No. 4,911,799 issued on March 27, 1990 to J.A. Abys et al, which 1s incorporated

herein by reference. A palladium-nickel alloy with nickel content preferably 10-30 wt

% can be deposited from the electroplating solution described in United States Patent

20 No. 4,911,798 issued on March 27, 1990 to J.A. Abys ef al, which is incorporated
herein by reference. A palladium-cobalt alloy can be deposited as described in the

copending United States Patent application S N. 08/974,120, filed by J.A. Abys et al. on

November 19, 1997 which is incorporated herein by reference.  Exemplary
compositions and electroplating conditions for depositing gold layers are described 1n

25  F.H Reed e al., Gold Plating Technology, pp. 26 and 46 (Electrochemical Publications

Ltd., Scotland, 1987). Plating of rhodium, ruthenium and platinum are described in
Metal Finishing, (Guidebook and Directory Issue), Vol. 97, No. 1 (January, 1999).

Figs. 4A and 4B show finished Cu substrates sequentially subjected to H2SO;
(24 hrs), to (NH4)2S(15 mins) and to heat at 75° C (15 min). Black spots indicate

30 corrosion caused by porosity in the finish. Photograph Fig. 4A shows the conventional



25 F.H Reed el al., Gold Plating Technol ogy., pp. 26 and 46 3 FEB 2004
(El ectrochem cal Publications Ltd., Scotland, 1987). Plating of rhodium

rut heni um and pl ati num are described in Metal Finishing, (Guidebook and
Directory Issue), Vol. 97, No. 1 (January, 1999). Figs. 4A and 4B show
finished Cu substrates sequentially sulgjected to H2S03 (24 hrs), to

(NH4) 2S(15 mns) and to heat at 75 C (15 min). Black spots indicate 30

COr I 0Si Ol B 1R a PSR ShdWs {HR finkd delseitdd- hePhiRt AQIcARBe Fedh, tifbAnSEAME t he
conventional 6 finish. Photograph 4B shows the finish described herein. As

can be sdunsh ehebiisiessebiresionfi ni sh exhibits | ess corrosion. Exanple 2 -
Integrated Circuit Lead Frane An integrated circuit |lead frame can al so be

fabricated by the prqc il]us .rat.? in Fig. 2. The only differences
are that the &@ﬂ@m&ﬁﬁﬂ—;ﬁﬁfﬁ%—ﬁ JILe EHH MEr eci ous metal thickness can
be less (> 0.025 nm). Fig. 5illustrates a substrate 50 fornmed into

configurati on_mrm%ﬁaea%iran{ Rad ffahR @ 4R bedAblifdeDhRtRDroLdss Midstrhled) . The
substrate 50 includes a paddle 52 on which the ICis to be nopunted and

t he leadsnFie.én T atly differerces eret thatotbe isahtrate. is Oifferbatrand3he pecions @etdnnect
t he | eads, before ckagj.n fter the integrated circuit is bonded and a
NS o B B RG Bp kT

packagi nd d over an area shown in phantom|lines 55,
the dam bars 54 are trimred away. The substrate of the |ead frame can be

copper or a CORpey jIRkirR¥s §40uas A foP¥ed\Ruo cdtibulAR_nFohise?as@lead frafeZr ) or
alloy No. 194 (97.5 w.% Cu, 2.35% Fe, 0.03% P,” 15 0. 12% O he

Zn) . r
conduct i er aeirégratendirabit 0¢g. Jhe lqutmtratd $bincdes 4 paddie Sgton \ngNil theslgdas Fe)
can al so be used.,K After .t upstrate. is,c ed n.,ntegrated cirgyit 56
i s nount €8 nB"OBBWHe@%t g‘eh]g?f% é)fleﬁg‘schbtgf rolg ¥ g’s% ebsoélfi?‘ge?l’s?rﬂ W5 t%gd
Stat g Pah@Rionheot the feads béforé padkagingCt ARG the Inted A%l Eiftud. i bohays afd aal . 20
The advantage of this surface finish is that it is nmuch | ess porous than

the convackigingmedivgk bay preacipplied erver ain ar¢mshonvnamdphastoam lises $oitbedabarri er

to reduceba?sxg)zp‘,:slrtérn(glamn,loefd atwq?,. substrate netal.

The substrate of the lead frame can be copper or a copper alloy such as alloy No.
151 (99.9 wt.% Cu, 0.1% Zr) or alloy No. 194 (97.5 wt.% Cu, 2.35% Fe, 0.03% P,
15 0.12% Zn). Other conductive metals and alloys such as alloy No. 42 (42 wt. % Ni, 58%

Fe) can also be used.

After the substrate is coated, an integrated circuit 56 is mounted and bonded to
the coated substrate as described in United States Patent No. 5,675,177 issued October
7,1997to J.A. Abyseral

20 The advantage of this surface finish is that it is much less porous than the
conventional nickel/precious metal finish and is an efficient barrier to reduce exposure

of the substrate metal,

It is to be understood that the above-described embodiments are illustrative of

only a few of the many possible specific embodiments which can represent applications

25  of the principles of the invention. Numerous and varied other arrangements can be
readily devised by those skilled in the art without departing from the spirit and scope of

the invention.



It is to be understood that the above-described enbodi nents are 3 FEB 2004
illustrative of only a few of the many possi ble specific enbodi nents which
can represent applications 25 of the principles of the invention.
Nunerous and varied other arrangenents can be readily devised by those
skilled in the art without departing ffromthe spirit and scope of the
invention. 7 Clainms: 1. A coated netal article conprising: a netal

subst r at €laislssposed on the substrate a nultilayer surface finish
conprising, in 5 succession, an anorphous netal underlayer, a netal

m ddl e | ayer and at | east one outer . |ayer conprising precious netal. 2.
The article of & %R MSHSSHCPRBIHRA®T phous netal is sel ected fromthe
group consi sting of nickel -phosphorus, nickel-phosphorus-tungsten and
cobal t- phosphorus, mjc%lghbs?_rgfé' article of claim1 wherein the mddle netal

| ayer conprises a netal selected fromthe group consisting of nickel,

ni ckel alloy, cobalt and cobalt alloy. 4. The article of claim| wherein

t he precious net al dispospd i @eshea suhstrate semeltfiadr sbrface tfhshgcomprisiogsist i ng
of pg}l | adi um. gol d, rhodi um rut egii um and pl %t' num 5. The article of
claith 1 SGEFSSIOR thampiphays DERLEPIRraY e Appstaldriagdisplausr andrad deast onsoyieickel |
6. The ajplécdognRfsingl fRbdibds Mrgr i n the anmorphous metal has a thickness in
the range 0.1°- 2”5 dim the netal mddle |ayer has a thickness in the
range 0.1 - 2,5 mand the precious netal has a thickness less than 1.5 m
7. An el ectri2alTheoartieletarclaionprivkérag the coadrpousr meel és selected dragmnlee wi t h
claim20 1 8. Al ane  f inte r.alge?d circuit conprising 0% coat ed

ad fr r, an
arti cl e FRPaCRUVHREC ST taelphShpars.” hickel-phosphorus-tungsié ' and“cobalt
phosphorus.
10 3. The article of claim 1 wherein the middle metal layer comprises a metal

selected from the group consisting of nickel, nickel alloy, cobalt and cobalt alloy.

4. The article of claim 1 wherein the precious metal comprises a metal selected

from the group consisting of palladium, gold, rhodium, ruthenium and platinum.

5. The article of claim | wherein the metal substrate comprises copper, iron or
15 nickel

6. The article of claim ! wherein the amorphous metal has a thickness in the
range 0.1 - 2.5 pm, the metal middle layer has a thickness in the range 0.1 - 2.5 um and

the prectous metal has a thickness less than 1.5 pm.

7. An electrical connector comprising a coated article in accordance with claim

20 1.

8. A lead frame for an integrated circuit comprising a coated article in

accordance with claim 1.



