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TI'N COATED ELECTRI CAL CONNECTOR N This-invention relates to tin
coated copper based el ectrical connectors having a reduced rate of
copper/tln internmetallic formati on. More particularly, a barrier |ayer
containing from20%to 5 40% by weight, of nickel is disposed between
t he conneW¥P8T2Mibstrate and the coating. Al ternatively, PCTUSI(1IHE
barrier layer contains a copper/tin internetal lic conpound.

El ectrical connectors, such as sockets and 10 plugs, are typically forned
froma copper base all oy substrate that provides good el ectri cal
conductivity. Wen the electrical connector will be exposed to

el evat ed tenperature during operation, such as under the hood of an

automobile, the 15 SN | GATED BRECTRICAI POORNECTOR having

hi gh strength and a resistance to stress rel axation.
resi stance to stress relaxation is recorded

This invention relates to tin coated copper
based electrical connectors having a reduced rate of
copper/tin intermetallic formation. More
particularly, a barrier layer containing from 20% to

5 40%, by weight, of nickel is disposed between the
connector substrate and the coating. Alternatively,
the barriexr layer contains a copper/tin
intermetallic compound.

Electrical connectors, such as sockets and

10 plugs, are typically formed from a copper base alloy
substrate that provides good electrical
conductivity. When the electrical connector will be
exposed to elevated temperature during operation,
such as under the hood of an automcbile, the

15 substrate is formed from a copper base alloy having
high strength and a resistance to stress relaxationm.

The resistance to stress relaxation is recorded
as a percent of stress remaining after a strip
sample is preloaded to a set percent of the yield

20 strength, typically 80%, in a cantilever mode per
ASTM (American Society for Testing and Materials)
specifications. The strip is then heated, typically
to 125°C, for a specified number of hours, typically
up to 3000 hours, and retested periodically. The

25 higher the stress remaining at each retest, the
better the utility of the specified composition for
spring applications.

To reduce elevated temperature tarnish of the
copper base substrate and to enhance solderability,

30 a coating layer is frequently applied to the
substrate. Typical coating layers include nickel,



as a percent of stress remaining after a strip sanple is preloaded to
a set percent of the yield 20 strength, typically 80% in a cantil ever

node per. ASTM (Anerican Society for Testing and Materi al s)
specifications. The strip is then heated, typically to 125[err]C, for a
speci fied nunber of hours, typically up to 3000 hours, and retested
peri odi cal | y wdtexél hi gher the stress renai ning at each pet/esvenotshe
better the utility of the specified conposition for spring

appl i cati ons. To reduce el evated tenperature tarni sh of the
copper base substrate and to enhance sol d®&-ability, 30 a coating layer is
frequently applied to the substrate. Typical coating |ayers include
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minimize cost, tin is frequently used.

At elevated temperatures, copper diffuses from
the substrate and combines with the tin to form

5 intermetallics such as Cu,Sn; and Cu,Sn. The
formation of the intermetallics reduces the amount
of unreacted or free tin on the surface. This will
degrade the electrical, corrosion and other
performance characteristics.

10 It is known to interpose a barrier layer
between the copper base substrate and the tin base
coating layer to reduce the formation of the
copper/tin intermetallic. A publication by Kay et
al. appearing in the Iransactions of the Institute

15 of Metal Finishing, Volume 59, 1979, at page 169,
discloses that barrier layers such as nickel, cobalt
and iron, as well as alloys such as tin/nickel,
copper/tin and nickel/iron, are disposed between a
copper base substrate and a tin coating to reduce

20 the formation of intermetallics.

While effective, these barriers do not provide
the inhibition to intermetallic formation required
for under the hood automotive applications that
require a minimum amount of free tin remain after

25 exposure to 125°C for 3000 hours.

Accordingly, it is an object of the invention
to interpose a barrier layer between a copper base
substrate and a tin base coating that reduces the
rate of copper/tin intermetallic formation.

30 It is a feature of the invention that in one
embodiment, this barrier layer is an alloy that has,
by weight, from 20% to 40% nickel. The nickel may
be combined with copper, iron or tin. Yet another



At el evated tenperatures, copper diffuses from the substrate and
conbines with the tinto form 5 intermetallics such as Cu[err]Sn[err]
and Cu[err]Sn. The formation of the internmetallics reduces the anount
of ‘unreacted or free tin on the surface. This will degr ade the

el ectrical, corrosion and ot her performance characteristics.

It is known tovoswzapose a barrier |ayer bet ween t he cows%ﬁ%"és
substrate and the tin base coating layer to reduce the formati on of

t he copper/tin internmetallic. A publication by Kay et al .
appearing in the Transactions of the | nstiflte 15 of Metal Finishing,

Vol une 59, 1979, at page 169, di scl oses that barrier |ayers such as

ni ckel , cobalt and iron, as well as alloys such as tin/nickel,
copper/tin and nickel/iron, are disposed between a copper base
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has, - by wel oht. " rom 20uebos 400 ikl end BBk Bl BRY  be
conbi ned wi t h copper, |ron or ﬁ
invention, the barrier layer 1s pre- saturated with
10 the nickel/tin intermetallic.
Among the advantages of the barrier layer of
the invention is that a sufficient thickness of free
tin remains on the surface of the component after
elevated temperature exposure to retain the

15 integrity of the coating layer.

In accordance with the invention, there is
provided a composite material having a copper or a
copper base alloy substrate. A tin or tin base
alloy coats a portion of this substrate. A barrier

20 layer is interposed between the substrate and the
tin or tin base alloy. The barrier layer contains
from 20% to 40%, by weight, of nickel and has a
thickness of from 0.2 microns to 5 microns.

The above stated objects, features and

25 advantages will become more apparent from the
specification and drawings that follow.

Figure 1 illustrates in cross-sectional
representation an electrical connector in accordance
with the invention.

30 Figure 2 graphically illustrates the
relationship between the nickel content and the rate
of intermetallic formation for a system having a
binary copper/nickel barrier layer.
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- 3- feature of the invention is that the thickness of this
barrier layer is between 0.2 micron and 10% of the total thickness of
a conponent. " In one alternative enbodi nent of the invention, 5
the barrier layer is formed by plating alternating | ayers of different

nmetal s and t inaywmigusi ng t he | ayers to form a desiredpcdnishenores
In a second al ternate enbodi nent of the i nvention, the barrier |ayer

is pre-saturated with 10 the nickel/tin internetallic. Anong

t he advantages of the barrier layer of -4- the invention is that a
sufficient thickness of free tin remains on the surface of the
conponent after el evated tenperature exposure to retain the 15
integrity of the coating |ayer. I n accordance with the invention,

there is pr ovi dede AnGUTR0S) | EstiBitd 2h Eee;é@gs@ca%mr or a

copper base alloy substrate., Atin or base al | coats a portion
of this substratereﬂF?ﬁRWFQQ1°EOa m¢%ﬁgglq &aYﬁFe??RﬁﬁﬁfqﬁétRéeﬁe?%e substrate

and t he for forming a barrier layer.
Figure 4 illustrates in cross-sectional
5 representation an intermetallic layer in combination
with a barrier layer. '

Figure 5 graphically illustrates the contact
resistance as a function of the aging time and the
aging temperature.

10 Figure 6 graphically illustrates the free tin
thickness as a function of the aging time and the
aging temperature.

Figure 7 graphically illustrates the effect of
the barrier layer on the intermetallic thickness as

15 a function of hours of aging.

Figure 8 is a photomicrograph of a copper/tin
intermetallic formed on a non-wrought substrate.

Figure 9 is a photomicrograph of a copper/tin
intermetallic formed on a wrought substrate.

20 Pigure 1 illustrates a composite material 10
useful as an electrical connector component. Such
components include sockets and plugs. The composite
material 10 is particularly useful as a component
for an electrical connector exposed to elevated

25 temperatures, in excess of 75°C, on either an
intermittent basis or a continuous basis, such as
under the hood of an automobile.

The composite material 10 has a copper or
copper base alloy substrate 12 and a tin or tin base

30 alloy coating layer 14 overlying at least a portion
of the substrate 12. "Base" is used in its
conventional sense in the metallurgical arts,



tin or tin base alloy. The barrier |ayer contains from20%to 40% by

wei ght, of nickel and has a thi ckness of fromO0.2 mcrons to 5

m crons. The above stated objects, features and 25 advant ages
wi | [ become nore apparent fromthe specification and draw ngs that

fol |l ow Figure 1 illustrates in cross-sectiona

represent ati owa@er/z2hrctri cal connector in accordance W PCT/U$96/19768

i nvention. 30 Figure 2 graphically illustrates the - relationship
bet ween the nickel content and the rate of internetallic formation for
a system having a bi nary copper/ni ckel®barrier |ayer. WO
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-4- Figure 3 illustrates in cross-sectional

representation a nultiple |ayer deposition process for formng a
barrier |ayer. meaning the alloy contains at least 50%, by weight,

of the base component.

Interposed between the substrate 12 and the

coating layer 14 is a barrier layer 16. The barrier

5 layer 16 contains from 10% to 70%, by weight, of
nickel and further has a thickness of from 0.2
micron to 10% of the total thickness of the
composite material 10.

Preferably, the nickel content of the barrier

10 layer 16 is from 20% to 40%, by weight, and more
preferably, the nickel content is from 25% to 35%,
by weight. A preferred thickness range for the
barrier layer 16 is from 0.2 micron to S5 microns and
a most preferred thickness range is from 0.2 micron

15 to 1.5 micronms..

The substrate 12 is formed from copper or a
copper base alloy. Preferably, the copper alloy
substrate has an electrical conductivity above about
25% IACS (IACS refers to conductivity as defined by

20 the International Annealed Copper Standard and rates
"pure" copper as having an IACS of 100% at 20°C).
Most preferably, the electrical conductivity of the
substrate 12 is above about 35% IACS.

The substrate 12 has a room temperature yield

25 strength above about 344.7 MPa (50 ksi) and,
preferably, above about 448.2 MPa (65 ksi).

Suitable alloys include those designated by the
Copper Development Association as copper alloy C7025
having the composition, by weight, of 2%-4.8%

30 nickel, 0.2%-1.4% silicon, 0.05%-0.045% magnesium
and the balance copper; copper alloy C194 having the
composition, by weight, of 2.1%-2.6% iron, 0.05%-
0.20% zinc, 0.015%-0.15% phosphorous and the balance



Figure 4 illustrates in cross-sectional 5 representation an internetallic

l'layer in conbination with a barrier |ayer. Figure 5
graphically illustrates the contact resi stance as a function of the
aging tine and the aging tenperature. 10 Figure 6 graphically
Illustrates the free tin t hi ckness as a function of the aging tine and
t he agi wo srsppPer at ure. Fi gure 7 graphical |y pcirhisedriendses t he
ef fect of the barrier layer on the internetallic thickness as 15 a
function of hours of aging. Figure 8 is a photom crograph of a
copper/tin internmetallic formed on &6hon-w ought substrate.

Figure 9 is a photom crograph of a copper/tin internmetallic fornmed on
a wought substrate. 20 Figure 1 illustrates a conposite nmaterial 10
useful as an el ectrical connector conponent. Such conponent s i ncl ude
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a conponent an e ) ctor expoSed to el evated 25

t enper at ures, in compesdtienyope waightenofiQ ik-1a8t iron; ft Jknot-@&nt basis

or a continuous QPsphosts, as.01%-0.2RdRLgRdE kD @AdOEharbalsneenbi | €.

The conposite naaggi%&_lo has a copper or copper base alloy subStrate
as

12 and a tin or 9K e 30 all oy coating Jayer_14 overlying at |east a
portion Bf the s¥BstEiRecbase cophing 14 isa@plaedtly any conventi onal

sense in the net aonvegttohahriethod such as electroplating, hot
dipping, electroless chemical deposition, vapor
deposition or cladding. When electroplated, the
coating layer is either matte or bright. The

10 electroplated layer may be reflowed to improve
cosmetics and to reduce defects in the plating,
thereby improving the performance of the coating in
solderability and the contact properties in
connector applications.

15 The tin base coating layer may be a tin alloy,
such as a tin/lead base solder containing from 1%-
99%, by weight, of tin. Tin compounds may also be
utilized. Compounds that may be added as
particulate to a tin base matrix include silicon.

20 carbide, aluminum oxide, silica ($i0,), carbon black,
graphite, tungsten carbide, molybdenum disulfide and
polytetrafluoroethylene ("TEFLON", a trademark of
DuPont Corporation of Wilmington, DE).

The thickness of the tin base coating layer 14

25 is from 0.5 microns to 10 microns and preferably
from 0.75 micron to 1.5 microns. The preferred
coating is electroplated matte tin that is
subsequently reflowed by heating to a temperature
above the melting point of tin. Heating is by any

30 suitable method, such as in a hydrocarbon type
reducing atmosphere; in some other suitable
atmosphere such as air, nitrogen or other inert gas;
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*-b- nmeaning the alloy contains at |east 50% by weight, of
the base conponent. | nt er posed between the substrate 12 and the
coating layer 14 is a barrier layer 16. The barrier 5 layer 16 contains
from10%to 70% by weight, of ni ckel and further has a thickness of
fromo0.2 WO W47t 0 10% of the total thickness of the FPCTEPRAYERte
mat eri al 10. Preferably, the nickel content of the barrier 10
layer 16 is from20%to 40% by weight, ang nore preferably, the
ni ckel content is from25%to 35% by weight. A preferred thickness
range for the barrier layer 16 is fromO0.2 mcron to 5 mcrons and
a nost preferred thickness range is fromO0.2 nmicron 15 to 1.5 mcrons.
The substrate 12 is formed from copper or a copper base all oy.
Preferably, the coppeindudtdgn furnanebstinfrarédsheatisbecer i buensdouctivity
above about Zégghﬁfg-ﬁLACS refers to conductivity as defined by 20
nnea e&
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about 0.2 microns. Below this thickness, copper
5 from the substrate 12 diffuses through defects in
the barrier layer 16 leading to an increase in the
rate of intermetallic formation.

The maximum thickness of the barrier layer 16
is approximately 10% of the total thickness of the

10 composite material 10 and preferably, less than
about 5% of the total thickness of the composite
material 10. The minimum barrier thickness depends
on the method of depositing the tin base layer 14.
Tin base coatings applied by electroplating require

15 1low barrier thickness layers, closer to the
specified minimum thicknesses. Dip coatings require
relatively thicker coatings, closer to the specified
maximums, to compensate for the erosion of the
barrier layer when immersed in molten tin for the

20 dip coatings.

For connector applications, the substrate 12
has a minimum thickness that is effective to
withstand the forces associated with insertion and
removal. Typically, this minimum thickness is on

25 the order of at least 50 microns and more
preferably, from 200 microns to 500 microns.

The maximum barrier layer thickness is on the
order of 5 microns. Above this thickness, the
barrier layer begins to influence both the

30 electrical conductivity and the yield strength of
the composite material 10. Since the copper/nickel
alloy has a relatively low electrical conductivity,



Most preferably, the electrical conductivity of the substrate 12 is
above about 35% I ACS. The substrate 12 has a roomtenperature
yield 25 strength above about 344.7 MPa (50 ksi) and, - preferably,
above about 448.2 MPa (65 ksi). Sui tabl e all oys include those
desi gnated by the Copper Devel opnent Associ ation as copper alloy C7025
having the composiznon, by weight, of 2% 4.8% 30 ni ckel , BCRUSIEASES
silicon, 0.05% 0.045% nmagnesi um and the bal ance copper; copper all oy
C194 having the conposition, by weight, of 2.1%2.6%iron, 0.05%
0.20% zi nc, 0.015% 0. 15% phosphorous and -t8ke bal ance WO 97/ 22472
PCT/ US96/ 19768 - 6- copper; and

copper alloy Cl97 having the conposition, by weight, of 0.3%1.2%

iron, 0.1%0.4% phosphorous, 0.01% 0. 2% nmagnesi um and t he bal ance

copper. the influence of the barrier layer is preferably
minimized.

A preferred barrier layer 16 thickness is from
0.2 micron to 5 microns. A more preferred thickness

5 range for the barrier layer is from 0.2 micron to
1.5 microns.

The barrier layer contains from 20% to 40%, by
weight, of nickel. When the nickel content is less
than 20%, the barrier layer 16 is not effective for

10 reducing the rate of intermetallic formation. When
the nickel content exceeds 40%, the electrical
conductivity of the barrier layer is reduced and, as
illustrated in Figure 2, the rate of intermetallic
formation increases.

15 Figure 2 graphically illustrates the
relationship between the rate of intermetallic
formation and the nickel content of a binary nickel-
copper barrier layer. There is surprisingly little
difference in the rate when the barrier layer is

20 100% copper, reference point 18, as compared to 100%
nickel, reference point 20. Applicants measured the
rate of intermetallic formation as a function of the
nickel content from 0% nickel (100% copper) up to
60%, by weight, nickel and at 100% nickel.

25 The rate of intermetallic formation was
measured by X-ray fluorescence. The total tin
thickness was first measured (M,). The unreacted tin
then removed by chemical stripping. The amount of
tin remaining was next measured {(M,) and the

30 difference between M, and M, was the amount of free
tin remaining.

The rate of intermetallic formation is at a
maximum when the barrier layer has a composition of



5 The tin base coating 14 is applied by any conventi onal nethod
such as el ectroplating, hot di ppi ng, electrol ess chem cal deposition,
vapor deposi'tion or cladding. Wen el ectroplated, the coating

| ayer is either matte or bright. The 10 el ectropl ated | ayer may be
reflowed to inprove cosnetics and to reduce defects in the plating,

t her eby i npr oviwap724r2 per f or mance of the coating in sol dreralseé/197¢8 and
the contact properties in connector applications. 15 The tin
base coating layer may be a tin all oy, such as a tin/lead base sol der
containing from 1% 99% by weight, of®tin. Tin conpounds may al so be
utilized. Conpounds that nay be added as particulate to a tin base
matri x include silicon 20 carbide, alum numoxide, silica (SiJerr]),

car bon bl ack, graphite, tungsten carbide, nolybdenum disulfide and
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Applicants deduced from Figure 2 that at a

nickel content in excess of 40%, by weight, the rate

10 of intermetallic formation increases and the
electrical conductivity decreases. Therefore, in a
barrier layer 16 consisting essentially of nickel
and copper, the nickel content of that barrier layex
is preferably between 20% and 40%, by weight.

1s The barrier layer 16 is, in one embodiment, a
binary alloy containing nickel with the remainder of
the alloy, preferably being selected from the group
consisting of tin, iromn, cobalt and copper. It is
most preferred to combine copper with the nickel

20 because this combination has the lowest
intermetallic growth rate.

Alternatively, the barrier layer 16 may be a
ternary, or higher, alloy, that contains, in
addition to nickel: tin, copper, iron, zinc, cobalt,

25 indium, mixtures thereof and, optionally, one or
more elements selected from the group consisting of
tungsten, chromium, vanadium, manganese and
phosphorous.

Alloys containing from 15% to 40% by weight

30 cobalt with the alloying additions specified above
for nickel are also believed to be satisfactory.
The preferred amounts of cobalt are the same as
those specified above for nickel.
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- 7- an i nduction furnace; infrared heating; or inmersion I n
hot oil". The barrier layer 16 has a m ninmumthi ckness of

about 0.2 mcrons. Below this thickness, copper 5 fromthe substrate 12
di ffuses through defects in the barrier layer 16 leading to an

I ncrease in Wgorn247z rate of internetallic formation. PCT/USOBASI68BXI mum
t hi ckness of the barrier |ayer 16 is approxi mately 10% of the total

t hi ckness of the 10 conposite material 10 and preferably, |ess than
about 5% of the total thickness of the coAdBosite material 10. The

m ni mum barrier thickness depends on the nmethod of depositing the tin
base | ayer 14. Tin base coatings applied by electroplating require 15
| ow barrier thickness |ayers, closer to the specified m ni mum

t hi cknesses. Dip coat ﬂgsbgmf Q.ayer lgeg ii\é@ Yol Biek&F w@patings, closer
to the specified . _maxi muns, E Qﬁh or the erosi on of the

barrier |ayer wher®Rtirer SEqEP P rﬁﬂrtteﬁ’ §4578t5012 BY #Mhat i ngs.
For connector applsuitablespeame, sincdudine Ht dippings eladddnaiwrt hi ckness

that is effective digceroprdbidly! At Best B HeptBieebd! Ak Wordkroserti on
S of barrier layer thickness, electroplating is

preferred. A copper- 20% to 40%, by weight, of
nickel, barrier layer may be deposited from an
aquecus citrate electrolyte. The electrolyte is an
aqueous solution containing 30-80 grams per liter of

10 nickel, 7-35 grams per liter of copper, and 80-320
grams per liter of sodium citrate dihydrate. The
solution is heated to a temperature between 40°C and
70°C for use. The substrate is immersed in the
electrolyte as the cathode with stainless steel

15 suitable as an anode. A current density of 30 - 120
milliamps per square centimeter is impressed through
the electrolyte. After between about 0.5 minute and
2 minutes, a barrier layer having a nominal '
thickness of between 0.3 mi~ron and 2.5 microns is

20 deposited.

The barrier layer should be relatively smooth,
as opposed to nodular, since a nodular coating
increases the surface area of the interface between
the substrate and the tin leading to an increase in

25 the rate of intermetallic formation. Cosmetically,
a smooth barrier layer increases the brightness of a
reflowed tin coating layer.

The effectiveness of the copper/nickel barrier
layer 16 is enhanced by the addition of one or more

30 refining compounds to the electrolyte. These
refining compounds include benzotriazole (BTA),
glues, proteins, thiourea, sulfon compounds and
chloride ion donators such as nickel chloride. The



renoval . Typically, this mnimmthickness is on 25 the order of at |east

50 microns and nore preferably, from 200 mcrons to 500 m crons.

The maxi mum barrier |ayer thickness is on the order of 5 mcrons..
Above this thickness, the barrier |layer begins to influence both the
30 el ectrical conductivity and the yield strength of t he conposite
materi al 10. VQ8®2Re copper/ ni ckel . alloy has a rel at i BET/YyS9639768

el ectrical conductivity, WO 97/ 22472

PCT/ US96/ 19768 i11-. "8 the influence
of the barrier layer is preferably n AT zed. A preferred
barrier layer 16 thickness is from 0.2 mcron to 5 mcrons. A nore
preferred thickness 5 range for the barrier layer is from0.2 mcron to
1.5 mcrons. The barrier layer contains from20%to 40% by

refining compound are effective to reduce the
porosity and the roﬁghness of the deposited barrier
layer and can also provide the barrier layer with a
more fine crystalline grain structure.

5 Reducing the porosity of the barrier layer
reduces the rate of tin and copper diffusion.
Reducing the réughness of the barrier layer reduces
the interfacial area between the barrier layer and
the substrate and between the barrier layer and the

10 coating, leading to a reduced rate of copper and tin
diffusion. Modifying the crystalline grain
structure to increase the fineness of the grains may
lead to a more compact intermetallic structure,
effectively reducing the rate of intermetallic

15 growth.

Preferably, from about 10 ppm to about 1000 ppm
of the refining compound is added to the electrolyte
to achieve the desired reduction in porosity and
roughness and lead to a more fine grain structure.

20 In a preferred embodiment, the refining compound is
from 50 ppm to 100 ppm of BTA.

Alternatively, the barrier layer 16 is
mechanically deformed, such as by rolling, or
thermally treated, such as by heating to modify the

25 grain structure of the barrier layer prior to
deposition of the tin base coating.

In one exemplary process, after the
copper/nickel barrier layer is deposited on the
substrate, the barrier layer/substrate composite is

30 annealed at a temperature of from 300°C to 500°C for
from 30 minutes to 120 minutes. To minimize
oxidation of the composite, annealing is in an inert
or reducing atmosphere such as cracked ammonia (by



wei ght, of nickel. Wen the nickel content is |ess than 20% the
barrier layer 16 is not effective for 10 reduci ng the rate of

internetal lic formation. Wien ~  the nickel content exceeds 40% the

el ectri cal conductivity of the barrier layer is reduced and, as
illustrated in Figure 2, the rate of internetallic formation

I ncreases. 15wWO09722472 Fi gure 2 graphically illustrates the PCrT/USS/@tgsonshi p
between the rate of internetallic formati on and the nickel content of
a binary nickel - copper barrier layer. There is surprisingly little
difference in the rate when the barrier I"dgér is 20 100% copper,
reference point 18, as conpared to 100% ni ckel , reference point 20.
Applicants neasured the rate of internetallic formation as a function
of the ni ckel content from 0% ni ckel (100% copper) up to 60% by

wei ght, nickel andreatumé()096%iwitadogerSand 4% hyHiegedl e Ofhd nireadbal | ic
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Is at a nmaxi num whéen e barrre ayer “has a conposition of

crystalline grain structure or a preferred

crystalline orientation, the annealing and rolling,

either separately or in combination, increase the

hardness of certain copper alloys through work

10 hardening and precipitation aging. This hardening

is particularly useful when forming an electrical

connector. One exemplary alloy for the substrate

for this process is copper alloy Cl154.

Additionally, thermal processing, by annealing,

15 improves bend formability of the composite material.
The annealing is believed to relieve stresses that
might exist in the electrodeposited copper/nickel
barrier layer.

The tin base coating layer 14 is then applied

20 by conventional means over at least a portion of the
barrier layer 16.

When the barrier layer is a codeposited alloy
of two or more metals, it is frequently difficult to
accurately control the alloy composition. Figure 3

25 illustrates a method for achieving more accurate
control over the composition of the barrier layer
16. o

The alloy constituents are deposited
sequentially. A first layexr 26, that is one alloy

30 constituent, such as nickel, is deposited to a
desired thickness. A second alloy constituent is
then deposited as a second layer 28. This second
layer 28 may, for example, be copper. The thickness
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- 9- . approxi mately 8% by weight, nickel and the bal ance

copper, reference point 22. From 10% by wei ght, of ni ckel to higher
anounts, the rate of internetallic formation is less than the rate for
a pure nickel or 5 pure copper barrier layer. From20%to 40% b

wei ght, the raM®®BRAMternetallic formation is at a m ni fﬁé‘iﬂ."’“
Applicants deduced fromFigure 2 that at a ni ckel content in excess of
40% by weight, the rate 10 of internetallji,c formation increases and the
el ectrical conductivity decreases. Therefore, in a barrier |ayer 16
consisting essentially of nickel and copper, the nickel content of
that barrier |ayer is preferably between 20% and 40% by weight. 15
The barrier layer 16 is, in one enbodinent, a bi nary all gy contai ni ng
ni ckel with the rernfi tder £4rst layem@6Rpdyseqansd élaé(BF-”yz%eJr’ndﬂ’é& ected from
the group consd fldctdvel pkoide rDAestobal dmaiit ogpperst land s nost

has the lonest  =acrPls epdFt tadk aRE dpgers sy BUEaddidy QO ORTOF,
barrier |ayer 16 nigaxsdex layerigitdey agrdepemided gr| afteX hat contains, in
addition to nickel :qiffifasieqapper, iron, zinc, cobalt,

The layers 26, 28 are deposited by any suitable
process such as electrolytically, by electroless
deposition, chemical vapor deposition or plasma
deposition. Multiple layers of the same material

10 may be deposited. For example, first layer 26,
third layer 30 and fifth layer 34 may be a first
constituent while second layer 28, fourth layer 32
and sixth layer 36, a second constituent. Multiple
thin layers.provide for a more homogenous barrier

15 layer 16 subsequent to diffusion.

When the first constituent is nickel and the
second constituent is copper, diffusion to a
homogenecus nickel level of about 20%-40%, by
weight, may be achieved by heating to a temperature

20 of from 750°C to 850°C for from 12 minutes to 72
minutes.

Third layer 30 may constitute a third
constituent. For example, when the first
constituent is nickel and the second constituent

25 copper, the third constituent may be tin. The
fourth layer 32 may then constitute a fourth
constituent such as silver, silicon, aluminum, zinc,
iron, chromium, manganese, cobalt, vanadium, indium
or phosphorous.

30 Any combination of elements may be so combined.
To limit formation of the intermetallic, the barriex
layer contains, after diffusion, from 20% to 40% of
nickel.



25 I ndium m xtures thereof and, optionally, one or nore el-ements
sel ected fromthe group consisting of tungsten, chrom um vanadi um
manganese and phosphor ous. Al'l oys containing from 15%to 40%
by ‘wei ght 30 cobalt with the alloying additions specified above for
ni ckel are also believed to be satisfactory. The preferred anmounts of
cobalt are t vwosmxnas t hose specified above for ni ckePCTUSI6/19768 WO
97/ 22472 PCT/ US96/ 19768 :
-10- The barrier layer is apPIied to either the entire or
to a part of the substrate 12 by any “14yitabl e neans, including hot

di ppi ng, cl addi ng or el ectropl ati ng. For ease of deposition and
control 5 of barrier layer thickness, electroplating is preferred. A
copper- 20%to 40% by wei ght, of ni ckel, barrier |ayer nmay be
deposited from an TRE UBMeTmoistr 8 £s€l Raierokyt Ray The £lfaelshol yte is an

aqueous solution conpal njng 3080 .8" #08s Rfad 1155 flcrons (so

microinches), and preferably with a thickness of
between 0.05 micron (2 microinches) and 0.5 wmicron

5 (20 microinches). The flash may be any metal, but
is preferably copper or nickel. The flash has the
effect of leveling the surface to mask any surface
irregularities in the substrate, reducing the
interfacial area available for diffusion.

10 The flash also minimizes the effect the
alloying constituents in the substrate have on the
deposition of the barrier layer.

The 1ayérs need not be elemental. One or more
of the layers may constitute a binary or higher

15 alloy. For example, the first layer may be Ni+X and
the second layer Cu+Y. When heated, X and Y may
combine either with each other or with the copper
and the nickel to form useful intermetallics in the
barrier layer. For example, X could be Si to form a

20 nickel silicide. -

Any number of layers may be repeated any
multiple number of times. It is not necessary that
the same sequence of layers be repeated over and
over, merely that when all layers are deposited, the

25 combined thicknesses of all layers provides the
desired barrier layer composition. The multiple
layers are then diffused to provide the desired
degree of homogeneity to the barrier layer 16.

The thickness of the tin coating layer

30 decreases rapidly when first heated. At the same
time, there is a rapid formation of the copper-tin
intermetallic in the barrier layer. Once the
barrier layer is saturated with the copper/tin



10 nickel, 7-35 grans per liter of copper, and 80-320 grans per liter
of sodlun1C|trate di hydrate. The solution is heated to a tenperature
bet ween ‘40[ err] C and 70[err]C for use. The substrate is inmersed in

t he electrolyte as the cathode with stainless steel 15 suitable as
an anode. A current density of 30 - 120 mllianps per square
centinmeter isWoPVaR4Bed t hr ough the electrolyte. After eS8 o ut
0.5 mnute and 2 mnutes, a barrier layer having a nom nal

t hi ckness of between 0.3 micron and 2.5 miggons is 20  deposited.

The barrier layer should be relatively snooth, as opposed to nodul ar,
since a nodul ar coating i ncreases the surface area of the interface
bet ween the substrate and the tin leading to an increase in 25 t he
rate of internetallic formation. Cosnetically, a snooth barrier |ayer
i ncreases the briglintessebdllic, ther gatevwfl tinntbbckners |Gegarpase

The effectiveness gfpliheycaadBires.ckel barrier | ayer 16 is enhanced by

(e adul 1 on of oncOr b el anels WELASSAMRR IR Bl R 0LV e
protei ns, thioureainvehtioncdhsobatiziandlayer 1éhier£wad)r¢°dgnat@xrs such as
ni ckel chloride TRenigh initial concentration of an intermetallic, as
one or more of (Cu-Ni),Sn, {Cu-Ni),Sn;, Cu,Sn and
Cu,Sn;. It is believed that this barrier layer
saturated with the intermetallic will significantly
reduce the development of additional intermetallic
10 through the sacrificing of a portion of the tin
layer.
In a preferred embodiment, as illustrated in
Figure 4, the intermetallic layer 38 is disposed
between the barrier layer 16 and the tin layer 14.
15 The intermetallic layer 38 is believed effective to
inhibit the degradation of the tin layer 14 above
any suitable barrier layer 16. Preferably, the
barrier layer 16 is a copper/nickel alloy having
from about 20% to about 40%, by weight, of nickel.
20 The barrier layer 16 has a thickness of from about
0.25 micxon to about 1.25 microns (10 to about 50
microinches). The intermetallic layer 38, that is
deposited by any suitable process such as vapor
deposition or electrolytic plating, either as a
25 codeposition or as separate layers that axre
subsequently diffused together as described above.
The intermetallic layer 38 has a thickness of from
about 100 angstroms to about 10,000 angstroms and
preferably from about 200 angstroms to about 1000
30 angstroms.
The advantages of the barrier layer of the
invention will become more apparent from the
examples that follow.



WD 97/ 22472 PCT/ US96/ 19768

- 11- refining conpound are effective to reduce the porosity
and the roughness of the deposited barrier | ayer and can al so provide
the barrier layer with a nore fine crystalline grain structure. 5
Reducing the porosity of the barrier |ayer reduces the rate of tin and
copper di ff uson22472 Reduci ng the roughness of the barri ercrinzspenerssoduces
the interfacial area between the barrier |ayer and t he substrate and
bet ween the barrier layer and the 10 coating, leading to a reduced rate
of copper and tin di ffusion. Mdifyt¥g the crystalline grain
structure to increase the fineness of the grains may lead to a nore
conpact internetallic structure, effectively reducing the rate of
internetallic 15 grow h. Preferably, fromabout 10 ppmto about
1000 ppm of the refining conpoundhxgugyﬁ@ed to the electrolyte to
achi eve the desired reduction in porosity and roughness and lead to a
nore fine grain structure. 20 In a preferred enbodi nent, the refining
conpound is from50 ppmto 100 pEX2BRlETIA - Aternatively,

tﬂe balrlrl er Iayer 16 I‘% erbamﬁsﬁ&tumHoﬁpdﬁé?jm(i wieh 86 by rolling, orf
thermally treated,. such as ify.t ain structure o
td ‘ﬁ d}nc?‘(?s Yo €%epo%°%‘%6nggf t??e@t%'f%gg patEld

the barrier Iayer ase codilng
5 layer, selected from the group:

Cu-20% Nl
Fe
Ni
Cu

10 and control coupons of copper alloy €194 and C710
(nominal composition by weight, 80% copper 20%
nickel with a nominal electrical conductivity of
6.5% IACS) without a barrier layer were coated with
40 microinches (1 micron) of matte tin by

15 electrodeposition.

The coupons were then heated to temperatures
between 125°C and 175°C for up to 250 hours. The
contact resistance was determined by utilizing a
gold probe and a method similar to ASTM methods

20 Bs539-80 and B667-80. The contact resistance, in
milliohms, as a function of the aging temperature
and the aging time is presented in Table 1 and in
Figure 3.



In one exenplary process, after the copper/nickel barrier layer is

deposited on the substrate, the barrier |ayer/substrate conposite is
30 anneal ed at a tenperature of from 300[err]C to 500[err]C for from
30 mnutes to 120 mnutes. To mnimze oxi dation of the conposite,
annealing is in an inert or reduci ng atnosphere such as cracked
ammoni a (by WO922472 \\n 97/ 22472 PCT/US96/19768
PCT/ US96/ 19768 -12- vol ume, 96%
nitrogen and 4% hydrogen). The annealed _,4. conposite is then passed
through a rolling mll at roomtenperature (about 20[err]C) and
subjected to a t hi ckness reduction of between 10% and 20% 5
In addition to providing a nore conpact crystalline grain structure or
a preferred crystalline orientation, the annealing and rolling,
either separately or in conbination, incFake i he hardness of certain
copper alloys thro e
Barrier None/ | None/ | Cu/ Ni/ Cu- Fe/
Layexr/ C710 C194 | Cl1l94 |Ni/ C194
Substrate C194
5 CONTACT RESISTANCE
MILLIOHMS
Aging
temp x L
time
10 Initial 1.93 |[3.33 1.08 {1.76 | .908 | 1.55
125°c x |1.76 [2.72 }1.56 |2.00 [ .919 |1.75 |
100 hrs
125°C x 2.32 | 4.76 5.04 {15.4 | .913 (4.92
250 hrs
15 150°C x 8.06 |3.53 8.96 | 15.4 | 7.00 |13.8
100 hrs
150°C x 26.2 | 4.80 49.6 | 41.6 | 6.27 |13.7
250 hrs J
150°C x 61.6 |[5.76 434 140 16.5 | 37.9
20 500 hrs '
175°C x €1.0 | 4.57 94.2 | 942 600x | 118
100 hrs 10?
175°C x 3570 | 12.3 3060 | 79.8 |49.6 | 13.3
250 hrs
— ]

25 As illustrated in Figure 3, a low contact
resistance was achieved with a copper/nickel barrier
layer under most test conditions. The high contact
resistance for the copper/nickel barrier layer after
aging at 175°C for 100 hours is believed to be a

30 test anomaly.

The amount of free tin remaining, that portion
of the tin not converted to the copper/tin
intermetallic, was determined by X-ray fluorescence
and recorded in microns. The thickness in



10 hardeni ng and precipitétion aging. This hardening Is particularly

useful when formng an el ectrical connector. One exenplary alloy for
the substrate for this process is copper alloy Cl194.

Additionally, thermal processing, by annealing, 15 | nproves bend
formability of the conposite material. The annealing is believed to
relieve streswos7Re m ght exist in the el ectrodeposi trrtnsesii9768
copper/ ni ckel barrier |ayer. The tin base coating |ayer 14
is then applied 20 by conventional neans qQver at |east a portion of the
barrier |ayer 16. When the barri*er layer is a codeposited alloy
of two or nore netals, it is frequently difficult to accurately
control the alloy composition. Figure 3 25 illustrates a nmethod for

achi eving nore accurate control over the conposition of the barrier

| ayer 16. microinchie hklrgcarﬂmﬂtpanemuheamualdyposised
sequentially. A fig a&§¥35 28T 2i§n fﬁéé¥ét§ {ﬁﬁ%%:geng such as
ni ckel, is deposite a eslred ness secon _

constituent is 1arﬁﬁeﬁ°aéﬁﬁs?fé@“ﬁ%t&“sﬁ%%ﬁ&?ﬂﬂ&y@PSZBc heyied second
| ayer 28 may, for wméagpimest besoppmditibes tindtdk thes copper-nické® 97/ 22472

PCT/ US96/ 19768  parrier layer.

Table 2
. e
Barrier None/ Noae/ cu/ Ni/ cu-Ni/ Pe/
Layer/ Cc194 c710 C194 C194 C194 c194
Substrate
10 PREE TIN THICKNESS MICRONS ﬂ
{MICROINCHES)
Aging
temp X
time
1s Initial 0.76 0.7 0.68 0.03 0.30 0.85
{30.54) {28.49) {27.3) 25.2) {12.1) {33.9}
125°C x 0.21 0.77 0.20 0.3 0.36 .22
100 brs {9.58) (30.71} i7.85) {12.3) 114.3) 18.50)
125%C x 0.03 0.51 0.04 0.21 0.28 0.08
250 hrs (1.26) (20.57) {1.4} (8.56) (11.1) 13.24)
20 150°C x 0.05 0.59 0.01 0.00S 0.07 0.03
100 hrs (1.85} 123.71}) (0.49) (0.22) 12.82} (1.04)
150°C X 0.02 0.4% 0.09 0.02
250 hra $0.72) (18.53) -9- -0- {3.48) 10.77)
180°C x 0.35 0.14¢ 0.02 0.08
25 500 hrs -0- (14.06) -0~ | ts.56) t0.77 (3.18})
A75°C x 0.004 0.33 0.01 0.003
100 hra (0.17) {13.23) -0- -0- {0.38) £0.11)
175°C % 0.19 0.007 0.005
250 hrs -0- {7.45} -0~ {0.26) £0.18) -0-
30 A copper alloy C710 control coupon having no

barrier layer had a low contact resistance and a
large volume of free tin. However, the C710
substrate has too low an electrical conductivity,
less than 10% IACS, for use as an electrical

35 connector in automotive under the hood applications.



- 13- of the first layer 26 and second |layer 28 is that

effective provide a desired anount of first and second constituent.
The | ayers may be used as a barrier layer, either as deposited or
after 5 diffusion. The | ayers 26, 28 are deposited by any

sui tabl e process such as electrolytically, by electrol ess

deposi tion, cH¥@P¥R¥72,apor deposition or plasnma deposi t PEFYUSIIPIGB | e

| ayers of the sane material 10 may be deposited. For exanple, first |ayer
26, third layer 30 and fifth | ayer 341g§y be a first- consti tuent
whil e second | ayer 28, fourth [ayer 32 and sixth | ayer 36, a second
constituent. Miultiple thin | ayers provide for a nore honbgenous
barrier 15 | ayer 16 subsequent to diffusion. When the first
constituent is nickel and the second constituent is copper, diffusion
to a honbgeneous ni ckel |evel of ZExauplRO®: 40% by wei ght, may be

achi eved by heating to gobgépaiialoy €18 cofforis’ ¥Bx€o8bsddd witq 850[err]C
for from1l2 mnutes.to 7

constitute a thir dmcmnczzl)ﬁ%t'ﬁ‘it%]é’ﬁ?&ggﬁ)r %ﬁaanﬁPB?e;V'\rH%&Lf lt???’:élj'ggtmy
constituent is nichdckahdaliny S@saigerchavey veant then cealigdemithhe third
constituent may be it k8. mid¥éhs (50 MREESINIRAT of2matde tHIG) thaBSWas Ut e a
Fourth consti Lugnt SUSH PSetibygh: HdtrCoRe ALHI &V Tayel Gna
the matte tin were electrolytically deposited. The
copper and nickel of the barrier layer were co-
deposited.

10 The control was copper alloy Cl1%4 coupons
electrolytically coated with matte tin that was
subsequently reflowed. The contrel lacked the
barrier layer.

The test coupons and the control were then aged

15 at 125°C for up to 2000 hours. The thickness of the
intermetallic layer (IMC) in microinches was then
measured and recorded as a function of the square
root of the number of hours aged. The test coupons
results are illustrated by reference line 40 in

20 Figure 7 and the control results by reference line
42. The intermetallic thicknesses for age times in
excess of 2000 hours are extrapolated from the

graph.

Example 3
25 Figure 8 is a micrograph at a magnification of

2000X illustrating the copper/tin intermetallic that
develops in the copper alloy Cl194 substrate/copper-
30% nickel/tin plate system when the
substrate/barrier layer is not subjected to thermal
30 or mechanical processing. The intermetallic was
exposed by selective chemical removal of residual



I ron, chrom um manganese, cobalt, vanadi um indium or phosphorous. 30

- Any conbi nation of elenents nmay be so conbi ned. To limt formation of
the internmetallic, the barrier | ayer contains, after diffusion, from
20% to 40% of ni ckel . WO 97/ 22472
PCT/ US96/ 19768 -14- The
I nnernost fiwsxszkayer 26 may be a fl ash w th a thi ckneCgushesiozess t han
1.25 mcrons (50 m croi nches), and preferably with a thickness of
between 0.05 micron (2 mcroinches) and Q.5 mcron 5 (20 m croinches).
The flash may be any netal, but i s "BP&ferably copper or nickel. The
flash has the effect of leveling the surface to nask any surface
irregularities in the substrate, reducing the interfacial area
avai l abl e for diffusion. 10 The flash al so mi nimzes the effect the

tin. The intermetallic is comprised of rapidly
growing spheroids.
Figure 9 is a micrograph at a magnification of
2000X illustrating the copper/tin intermetallic that
5 develops in the copper alloy C715 substrate (nominal
composition by weight 30% nickel, balance
copper)/tin plate system when the substrate was
mechanically deformed by rolling prior to deposition
of the tin. The intermetallic was exposed by
10 selective chemical removal of residual tin. The
intermetallic is comprised of relatively slow
growing flattened obelisks. Preferably, the
flattened obelisks have an aspect ratic (length to
width) of at least 5:1.
15 We have determined that the spheroids grow at
about twice the rate of the flattened dendrites.
It is apparent that there has been provided in
" accordance with the present invention a barrier
layer that is interposed between a copper base
20 substrate and a tin base coating layer that fully
satisfies the objects, means and advantages set
forth hereinabove. While the invention has been
described in combination with embodiments thereof,
it is evident that many alternatives, modifications
25 and variations will be apparent to those skilled in
the art in light of the foregoing description.
Accordingly, it is intended to embrace all such
alternatives, modifications and variations as fall
within the spirit and broad scope of the appended

30 claims.



all oying constituents in the substrate have on the deposition of the
barrier |ayer. The | ay: ntal. One or nore
of the Iayers may constitute a b|n H"Eher 15 all oy. For exanple,

the first layer may be Ni +X and HHE"" yer Cu+Y. \hen heated, X
and Y may conbi ne either mnt th the copper and
the nickel to WEPHRMZRful internet aI I | cs in the bar ri er PCHYSI/19T68,
exanple, X could be Si to forma 20 ni ckel silicide. Any nunber
of |ayers may be repeated any nul tipl g nunber of times. It is not
necessary that t he sane sequence of Iayers be repeated over and

over, nerely that when all |ayers are deposited, the 25 conbi ned

t hi cknesses of all |ayers provides the desired barrier |ayer
conposition. The multiple | ayers are then diffused to provide the

desired degr ecIMVTHEQGHAIMSi ty to the barrier |ayer 16. The
t hi ckness of the tin coating | ayer 30 decreases rapidly when first

Qggfog;jlt i ﬁ\t the ?ﬁ{tr metal | :???m%é’%ﬁa??&eﬁrﬁqaaép?r gﬁ%&{‘%gmgs barri er
| ayer is saturatedbM:th the copper/tin WO 97/ 22472
PCT/ US96/ 19768 a copper or a copper base alloy substrate
5 (12} ;
a tin or tin base alloy coating layer (14)
overlying a portion of said substrate (12); and
a barrier layer (16) interposed between
said substrate {12) and said coating layer (14},
10 said barrier layer (16) containing from 10% to 40%,
by weight, of nickel and having a thickness of
between 0.2 and 5 microns.

2.. The composite material (10) of claim 1
characterized in that said barrier layer (16)
1s further contains at least one element selected from
the group consisting of copper, tin, cobalt, iron
and mixtures thereof.

3. The composite material (10) of claim 2
characterized in that said barrier layer (16) is
20 predominantly copper.

4. The composite material (10) of claim 3
characterized in that a metallic flash is disposed
between said substrate (12} and said barrier layer
{16), said metallic flash having a thickness of from

25 0.05 micron to 1.25 microns.

| This Sheet Has Been Replaced




-15- internetallic, the rate of tin thickness decrease

-rapi dly declines. I n accordance with anot her enbodi nent of the

i nvention, the barrier layer 16 is formed to contain 5 a high initial
concentration of an internetall nore of (Cu-Ni)[err]Sn,
(Cu-Ni)[err]Sn[err], Cu[err]Sn, Hlulﬁmlllllmumﬁlﬁn[err] It is believed that
this barrier waywu2472 saturated with-the isnternetallic w pCTwsmnefescant |y
reduce the devel opnent of additional internetallic 10 t hrough t he
sacrificing of a portion of the tin | ayer. In a preferred
enbodi nent, as illustrated in Figure23; the internetallic layer 38 is
di sposed between the barrier layer 16 and the tin |layer 14. 15 The

intermetallic layer 38 is believed effective to inhibit the
degradation of the tin layer 14 above any suitable barrier |ayer 16.

Preferably, the bgrri ey %{pogqtbsmgt&%er(/]_mcgglcp&inpy! havi ng

from about 20% to about 40%%‘8 Weth% ﬁ% g he barrier |ayer
16 has a thi cknesShFacFeRiggh i that ga Wﬁ%’r“t ﬁﬁ%u’t 1.25 microns (10
to about 50 dediecitedhfsdm thee groupr censiddtiing afecodPkr tdnak i s
deposited by any spikahl e process such as vapor deposition or
electrolytic platlng either as a 25 codeposition or as separate |ayers

that are subsequent |y diffused together as described above. The
internetal lic $ayer 386has The ldapipositeonaterial (10) of any one of

claims 1-5 characterized in that said coating layer
(14) includes particulate selected from the group
consisting of silicon carbide, aluminum oxide,

tungsten carbide, molybdenum disulfide, silica,
10 carbon black, graphite and polytetrafluoroethylene.

7. A composite material (10), characterized
by: '
a copper or a copper base alloy substrate
(12);
15 a tin or tin base alloy coating layer (14)

overlying a portion of said substrate (12);
a barrier layer (16) interposed between
said substrate (12) and said coating layer (14},
said barrier layer (16) containing from 10% to 40%,
20 Dby weight, of nickel and having a thickness of
' between 0.2 and 5 microns; and
a copper-tin intermetallic (38) dispersed
in said coating layer (14), said intermetallic
having a flattened obelisk shape.

25 8. The composite material (10) of claim 7
characterized in that said intermetallic (38) has a
length to width aspect ratio of greater than 5:1.
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about 100 angstrons to about 10,000 angstrons and preferably from

about 200 angstroms to about 1000 36—-angstrons. The advant ages
of the barrier |layer of the lon will becone nore apparent from
t he exanpl es that follow. ”mm "'""ﬂ”mn 72
PCT/ US96/ 19768
EXAMPLES WO 9722472 Exanpl & 1* CBPHET649768
C194 coupons coated with 30 m croi nches (0. 75 m crons) of a specified
barrier 5 | ayer, selected fromthe groupy Cu- 20% N
Fe Ni
9. A composite material (10), characterized
by:
a copper or a copper base alloy substrate
(12); :
5 a tin or tin base alloy coating layer (14)

overlying a portion of said substrate (12); and
an intermetallic layer (16) interposed
between said substrate (12) and said coating layer
(14), said intermetallic layer (16) selected from
10 the group consisting of (Cu-Ni),Sn, (Cu-Ni).Sn,
Cu,Sn, CusSn, and mixtures thereof.

10. The composite material (10} of claim 9
characterized in that said intermetallic layer (16}
has a thickness of from 100 angstroms to 10,000
15 angstroms.

11. The composite material (10) of any one of
claims 1, 7 or 9 formed into an automotive socket.

12. The composite material (10) of any one of
claims 1, 7 or 2 formed into an automotive plug.
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Cu 10 and control coupons of copper all oy C194 and Cr10 (nom nal
conposi tion by weight, 80@6copper h a nom nal electrical

conductivity of 6. 5% a barri -were coated with
40 m croinches (1 nicron) of rratteuwmmmu!!”mﬁ” trodep03|t|on

The coupons were then heated to te etween 125[err]C and
175[ err] C f orwomem7250 hours. The contact resistance wesasednpyds ned
by utilizing a gol d probe and a nmethod simlar to ASTM net hods 20
B539-80 and B667-80. The contact resistance, in mlliohns, as a
function of the aging tenperature antP4he aging tine is presented in
Table 1 and in Fi gure 3. WO 97/ 22472

PCT/ US96/ 19768 -17-

Table 1

13. A method for the manufacture of a
composite material (10) characterized by the steps
of:

a) providing a copper or copper alloy

5 substrate (12);

b) coating said substrate (12) with from 0.2
to 5 microns of a barrier layer {(16), thereby
forming a composite intermediate;

c) heating said composite intermediate to a

10 temperature of from 300°C to 500°C for between 30
minutes and 120 minutes; and

d) coating said composite intermediate with
tin or a tin base alloy (14).

14. The method of claim 13 characterized in
15 that subsequent to step (c), but before step (d).
said composite intermediate is mechanically reduced
in thickness. '

15. The method of claim 14 characterized in
that the reduction in thickness of said composite
20 intermediate is from about 10% to about 20%.



Barrier None/ None/  Cu/ Ni | Cu- Fe/ Layer/ Cl194 Cr10
Cl94 C194 N/  Cl94 Substrate Cl94 5
CONTACT RESI STANCE M LLI OHVB Agi ng temp x 10

R AR | R
15.4 .913 4.999M12412 250 hrs 15 ~ 150[&rr{'C % & 06 3. 53PCHUSKN968. 4

7.00 13.8 100 hrs 150[err]C x 26.2 4.80 49.6 41.6 6.27
13.7 250 hrs 150C x %@ 434 140 16.5 37.9 20
500 hrs 175[err]C x 61.0 4. 57 94 f 942 600x 118 100 hrs
10[ err] 175C x 3570 12.3 3060 79.8 49.6 13.3 250 hrs
25 As illustrated in Figure 3, a | ow contact resi stance was
achieved with a copper/nickel barrier | ayer under nost test

conditions. The high cortéact A methoddicat &heemamufadtaireopperstni ckel barrier
| ayer after a%f&atmﬂ%sﬁa&&&m chl@a b S2d S thethe vk Jge a 30

test anonaly. Qe amount of free tin renalnlng t hat or |on
a coating a copper Or copper a loy sub

(12) with a first layer (26) of a first constituent;
5 : b) coating said first layer (26) with a

second layer (29) of a second constituent thereby
forming a barrier layer (16), said barrier layer
(16) containing from 10% to 50%, by weight, of
nickel; and

10 c) coating said barrier layer (16) with tin
(14) .

17. The method of claim 16 characterized in
that steps (a) and (b) are repeated prior to step
{ec).

1s 18. The method of either claim 16 or claim 17
characterized in that, as step (d), after step (b]
but prior to step (c), the first constituent is
diffused into the second constituent.

19. The method of either claim 16 or claim 17
20 characterized in that said second layer (28) is
coated with a third layer (30) of a third
constituent as step (e) prior to step {c).

20. The wmethod of claim 19 characterized in
that one of said first, second or third constituents
25 is selected to be nickel, one is selected to be
copper and one is selected to be tin.



of the tin not converted to the copper/tin Internmetal lic, was

determ ned by X-ray fluorescence and recorded in mcrons. The

t hi ckness in - WO 97/ 22472

PCT/ US96/ 19768 - 18-

m croi nches is recorded parent het i uu,"”""mn”’m",II, surrmarl zed in Table 2
and il lustratwoemmdea gure 4, drgd vel ume of free pcirussevaésni ng
was achi eved under m)st t est condl tions with the copper-nickel 5

barrier |ayer.
-26~

21. The method of claim 18 characterized in
that an intermetallic layer (38) selected from the
group consisting of (Cu-Ni}),Sn, (Cu-Ni).Sn,;, Cu,Sn,
Cu,Sn; and mixtures thereof is deposited on said

5 barrier layer (16) subsequent to step (d} and before
step (¢).

22. The method of claim 16 characterized in
that an intermetallic layer (38) selected from the
group consisting of (Cu-Ni}),Sn, (Cu-Ni) Sn,, Cu,Sn,

10 Cu,Sny; and mixtures thereof is deposited on said
barrier layer (16) before step (¢)}.

—_—
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Table 2 Barrier None/ None/ cu/ Ni /

Cu-Ni/  Fel Layer/ ll 0 C194 C194
Cl94 C194 Substrate 1 [“H"I" III" "III "1“'1 FREE TI N
THI CKNESS M CRONS M ERA NCHES) Agi ng
tenp X time 15 Initial 0.76 0.71 0. 66
0.03 0. 30 wo 972485 - (30.54) ( 23RCU9YSI6/19768
(27.3)  (25.2) (12. 1) (33.9) -27- 125[err] C x 0.21
0.77 0. 20 0.31 0. 36 0. 22 ' 100 hrs
(8. 58) (30. 71) (71. 85) (12. 3) (14. 3) (8. 90)
125[err] C x 0.03 CAMENDED CLAIMSO. 04 0.21 0. 28
0.08 250lrepeived by the Igternational @Gatead7yn 23 May(1]994)(23 05 9?8 56)
(L0 Gro o AT ) e, ¢
('23 71) (0. 4dE¥ clams 35529 ad g'ﬂmmn% fIBH’)S unchanged (PSB%Q%ng
0 Oé 0. 47 0. 09 0. 02 250
Isoferr]Cx ) 1 A oo mateial 10} characieried By SRR Y
0.08 25 500 hrsaoopperorac@perbaseauoysubmm; -0- (5. 56)
(0.77) (3.18) . 275[ e 0,.004 . 0..33 .
0. 01 0. 003 F 1 Corlising ptiny on & tir Bake alloy, qveglying ‘a portiqn.
60-19 (&s&ﬂ)subsuate(ﬁzﬁggd 0 0%;5[ err]C x )

: rs.
(7. 45) - 0- an ¢ la_?g (16) mt%posed ggw said substrate (A%cﬂ'ﬂper

al oy C710 csamdsdahng:ayaqmmam B@namayer (16) beingPpredominahtiyy eppérasid Zohtainingont act
resistance agg %5% to 40%, by we?&t, o?' [IEEI act)xfd hgﬁsgattﬂl&ness o ver bg 5:5]50

microns,

2. The composite material (10) of claim 1 characterized in that said barrier
layer (16) further contains at least one element selected from the group consisting of tin,
cobalt, iron and mixtures thereof.

4. The composite material (10) of either claim 1 or 2 characterized in that a
metallic flash is disposed between said substrate (12) and said barrier layer (16), said
metallic flash having a thickness of from 0.05 micron to 1.25 microns.
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substrate has too | ow an el eC__r_lgﬂl_c_ondut;t—wHe—y- | ess than 10%

| ACS, for use as an el ectrical connector in autonotive under the hood

e/ USos) 1678 w0 57 1 A .

Exanpl e 2 Copper al | oy Cfo4* coupons were coat ed W|th 1

m cron (40 My @imagRes) of a copper-(30% by weight) t,@y
barrier layer were then coated with 5_5g8.1.25 mcrons (50 mcr0| nches) of
matte tin that was subsequently refl owed. Both the barrier |ayer and
the matte tin were electrolytically deposited. The copper and ni ckel
of the barrier |ayer were co- deposited. 10 The control was

copper all oy C194 coupons
5. The composite material (10) of claim 4 characterized in that said metallic

flash is selected from the group consisting of copper and nickel.

6. The composite material (10) of any one of claims 1, 2, 4 or 5 characterized
in that said coating layer (14) includes particulate selected from the group consisting of
silicon carbide, aluminum oxide, tungsten carbide, molybdénum disulfide, silica, carbon
black, graphite and polytetrafluoroethylene.

7. A composite material (10), characterized by:

a copper or a copper base alloy substrate (12);

a coating layer (14) consisting of tin or a tin base alloy overlying a portion
of said substrate (12); '

an electroplated barrier layer (16) interposed between said substrate (12) and
said coating layer (14), said barrier layer (16) being predominantly copper and containing
from 10% to 40%, by weight, of nickel and havihg a thickness of between 0.2 and 5
microns; and

a copper-tin intermetallic (38) dispersed in said coating layer (14), said
intermetallic having a flattened obelisk shape.

8. The composite material (10) of claim 7 characterized in that said
intermetallic (38) has a length to width aspect ratio of greater than 5:1.

REPLACEMENT SHEET
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el ectrolytically coated wwth matte tin that was subsequent |y refl owed.
-The control | acked the barrier |ayer. The test coupons and

the control were then aged 15 ““I“} mn || up to 2000 hours. The
t hi-ckness of the i nterneta f8li n m croinches was then

neasured and recorded as a functi‘on®of"tHe ssquare root of the nunber
of hours agedwoli@s478St coupons results are illustrat edPdIWUEINB68nce
line 40 in 20  Figure 7 and the control-29esults by reference line 42.
The internetallic thicknesses for age tines in excess of 2000 hours
are extrapol ated fromthe gr aph. Exanpl e
3 25 Figure 8 is a mcrograph at a nagnification of 2000X
illustrating the copper/tin internmetallic that devel ops in the copper
al l oy C194 substrat e/ copper- 30% nickel /tin plate system when the
substrate/barrier layer is not subjected to thermal 30 or nmechani cal
processing. The internetallic was exposed by sel ective chem cal

renoval of resi dyalThe composite mafe@iab (0} f] Fither claim 1 or claim 7 formed into an

PCT/ US96/ 19768 .
automotive socket.

12. The composite material (10) of either claim 1 or claim 7 formed into an

automotive plug.

TREPLACEMENT SHEET
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- 20- tin. The internmetallic is conprised of rapidly gr ow ng
spheroi ds. Fi gure 9-i icrograph at a nagnification of

2000X illustrating the copper/tind iggy that 5 devel ops in the
copper alloy C715 substrate (nclmummmjlmn{msl tion by weight 30% ni ckel,
bal ance copper)/tin plate cemuwnen ¢ her substrate was

mechani cal | y f by rolling prior-to deposition of | The
intermetal | i ca?/agzﬁgggosed by 10 selectigse chem cal renoval Pénﬁ&*%al

tin. The internetallic is conprised of relatively slow gr owi ng
flattened obelisks. Preferably, the flattened obeli sks have an aspect

ratio (length t wi, dt.h), of east.5:1. 15 . have_det er m ned

that the spher ogbs The W &&"‘Aﬁéﬁl‘“med %’tra&t‘%temdmlyﬁa@%)ened

dendrites. selected from thd frob coididting 6f (G\hﬁi)ﬁh,@uﬂ\ﬁb‘,ﬁﬁ,, bﬁfﬁt e Sy &{ad in
arrier ayer a

accordance with the present, invention, a t S

i nt er pos ed misumes Ahereef infeposited oRcsaidparries iayex (16) mbsaquen to ftep () snd befarei ng

| ayer that sfegl(é satisfies the objects, neans and advant ages set
forth hereinabove. Wile the invention has been described in
conmbi nation wth enbodi ments thereof, it is evident that many

alternatives, | ff ' . '! ?“' L1 Qﬁlﬁi to those
skilled in therhﬁﬁt‘h‘ugggfuggﬁ'{qg? %ﬁe orfég(ﬁ;?t\r% lJ(?escrl pﬁ:{ [ %eﬁ?&%)
Accor di ngl geledted fremitin: grovge donsistingrbf (ueNySh, (CudNi)sSn,, Cu,Sn, Cu,Sn, and

mixtures thereof is deposited on said barrier layer (16) before step (c).

23. A composite material (10), characterized by:

a copper or a copper base alloy substrate (12);

a coating layer (14) consisting of tin or a tin base alloy overlying a portion
of said substrate (12); and :

a barrier (16) interposed between said substrate and said coating Iayer, said
barricr being an alloy formed from at least a first and a different second metal or metal
alloy constituent layer (26, 28), said second alloy constituent layer (28) being
predominantly copper and in direct contact with said coating layer (14), wherein said
barrier (16) has a thickness of from 0.2 micron to 5 microns.

24.  The composite material (10) of claim 23 characterized in that said first alloy
constituent layer (26) is selected from the group consisting of nickel, cobalt, nickel base
alloys and cobalt base alloys and is adjacent to said substrate (12).

25. A composite material (10), characterized by:

a copper or a copper base alloy substrate (12);

a coating layer (14) consisting of tin or a tin base alloy overlying a portion
of said substrate (12); and ‘

a barrier (16) interposed between said substrate and said coating layer, said
barrier being an alloy formed from at least a first, a third, and a different second metal or
metal alloy constituent layer (26, 28,30), said second alloy constituent layer (28) being
predominantly copper and in direct contact with said coating layer (14), wherein said
barrier (16) has a thickness of from 0.2 micron to § microns. REPLACEMENT SHEET

23 MAY W9/
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alternatives, nodifications and variations as fall within the spirit
and broad scope of the appended 30 cl ai ns.

-21- I N THE CLAI MS: 1. A conposite
material (10), characterized by: ”“|“|l"l"l“l““'”““l a rcrgpper or a
copper base al l oy substrate (12); a coating |ayer
(14) consistinyoshriern or a tin base all oy overlying a porti ®rTais96/19768
said substrate (12); and -31- an el ectropl at ed

barrier layer (16) interposed between said substrate (12) and said coating
| ayer (14) directly contacting said coating |ayer (14), said barrier |ayer
(16) being predom nantly copper and containing from25%to 40%
by wei ght, of nickel and having a t hi ckness of between 0.2 and
2.5 microns. '

26. The composite material (10) of claim 25 characterized in that said third
alloy constituent layer (30) that is nickel or a nickel alloy is adjacent to said second alioy
constituent layer (28) and disposed between said second alloy constituent layer (28) and
said first alloy layer (26) and that a fourth alloy constituent layer (32) that is copper or a
copper alloy is disposed adjacent to said third alloy constituent layer (30) and disposed
between said third alloy constituent layer (30) and said first alloy layer (26).

27.  The composite material (10) of claim 26 characterized in that another alloy
constituent layer (32) selected from the group consisting of silver, silicon, aluminum, zinc,
iron, chromium, manganese, cobalt, vanadium, indium and alloys thereof is adjacent to
said third alloy constituent layer (30) is disposed between said third alloy constituent layer
(30) and said coating layer (16).

28 The composite material (10) of claim 23 characterized in that said first
metal or alloy constituent layer (26) is in direct contact with said substrate and said second
metal or alloy constituent layer (28) is in direct contact with both said first metal or alloy
constituent layer (26) and said coating (16).

29.  The composite material (10} of claim 25 characterized in that said first
metal or alloy constituent layer (26) is in direct contact with said substrate (12), said
second alloy constituent layer (28) is in direct contact with both said first alloy constituent
layer (26) and said third alloy constituent layer (30) and said fourth alloy constituent layer
(32) is in direct contact with both said third metal or alloy constituent layer (30) and said
coating layer (16).

RELACENENT SHEEY

Es MAY W97

AMENDED SHEET (ARTICLE 19}



2. The conposite material (10) of claim1l characterized in that said

-barrier |ayer (16) further contain at | east one el enent
selected fromthe group consisting of tin, cobalt, iron and

m xtures thereof. ' 4. The conposite material (10) of
either claiml or 2 characterized in that a ' netaJ%é. dokAses | S

di sposed bet wwamomaard substrate (12) and said barrier |ayer '@?, salr d
metallic flash having a thickness of fromO0.05 mcron to 1.25

m crons. -22-

5. The conposite material (10) of claim4 characterized in that said
netallic flash is selected fromthe group consisting of copper and nickel.
6. The conposite material (10) of any one of clains 1, 2, 4 or 5

characterized in that said coating | aj¢f (14) includes particul ate
selected fromthe group consisting of silicon carbide, alum num oxide,
tungsten carbide, nolybdenumdisulfide, silica, carbon black, graphite and
pol yt etraf | uor oet hyl ene.

FIG. 1
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7. A conposite material (10), characterized by: a copper

or a copper base alloy substrate (12): a coating |ayer (14)
consisting of tin or a tin base alloy overlying a portion of said substrate
(12); an electroplated barrier |ayer (16) interposed between

said substrate (12) and said coating layer (14), said barrier layer (16)

bei ng predon n¥MP2Edpper and containing from 10%to 40% bPCRASHLIT680f

ni ckel and having a thickness of between 0.2 and 5 m crons; and

a copper-tin intermetallic (38) dispersed in said coating |ayer (14), said

intermetallic having a flattened obelisk shape. 8. The

~conposite material . (10) of claim7 characterozed in that said internetallic
(38) has a length to width aspect ratio of greater than 5:1. -23-

- 11. The conposite material (10) of eitjher claiml or claim7 formed into an
aut onoti ve socket. 12. The co ite material (10) of either claim1l

or claim7 forned into an autonotive pl ug.
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WD 97/ 22472 PCT/ US96/ 19768

- 24- 13. A nethod for the manufacture of a conposite
material (10) characterized by the steps of : a) providing a
copper or copper alloy 5 substrate (12); b) coating said
substrate (12) with fromO0. 2 to 5 mcrons of a barrier |ayer (16),

t her eby fWONY2472 conposite internedi ate; c) REHUPHI®R d
conposite internmediate to a 10 - tenperature of from300[err]C to 500C for
bet ween 30 m nutes and 120 m nutes; and d) coating said
conposite internediate with tin or atin base alloy (14).

14. The nethod of claim 13 characteri zeg/iTn 15 that subsequent to step
(c), but before step (d),

16 ‘?§<f/§/<f‘(/</<(~('<'<l’§f’<’<(<f<(‘(‘( \Js 30
\////////f//////J//j'a
SN SOSO NN NN NN N N N N N N N
/ 26
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said conposite internmediate is nmechanically reduced in thickness.

15. The nethod of claim 14 characterized in that the reduction in
t hi ckness of -said conposite 20 intermediate is fromabout 10%to about
20% WO 97/ 22472
PCT/ US96/ 19768 - 25- - 16. A
met hod for thewosmzzct ure of an el ectrical conductor, REHPSHYES zed
by the steps of: a) coating a copper or copper alloy substrate
(12) with a first layer (26) of a first constituent; 5 b) coating
said first layer (26) with a seco4gdP ayer (29) of a second constituent
t her eby formng a barrier kgéer (16), said barrier |ayer (16)
containing from10%to 50% by =g-h.t, of ni ckel ; and
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10 (@) coating said barrier

17. The nethod of claim 16 characterized in
15

repeated prior to step
claim16 or claim 17 characteri
(b) but prior to step (c),
the second comwebsw22em2t .

claim17 20
with a third |ayer (30) of a third

(c).

the first constituent

characterized in that said second | ayer (28)

| ayer (16) with tin (14).

that steps (a) and (b) are
The nmet hod of either

as step (d), after step

S diffused into
19. The met hod of eit herPEI/B§ANE8 or

S coat ed

constituent as step (e) prior to

18.
zed in that,

step (c).

20. The nethod of cl gj

19 characterized in t hat

one of said first, second or third constit S 25. is selected to bg
kel one s select ed 1 opRg g THRRRS (mifdinghis] ° ¢ °°1°¢ 10 P In
" B8R we
[ | [ [T T I Aee
. ~
IL // // // // s
=T
117, 5
<
=D
(X

11
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- 26/ 1- 23. A conposite material (10), characterized by:

a copper or a copper base alloy substrate (12); a
coating layer (14) consisting of tin or a tin base alloy overlying a
porfion of said substrate (12); and a barrier (16)

i nt er posed between said substrate and said coating |ayer, said barrier
being an all oywbonasd2 from at |least a first and a different PETASH/ABEBal oOr
netal alloy constituent |ayer (26, 28), said second alloy constituent

| ayer (28) being predonminantly  copper and in direct contact with said
coating layer (14), wherein said barrier (16) has a thickness of fromaO0.2
mcron to 5 mcrons. 24. The conposite material (10) of claim
23 characterized in that said first alloy constituent layer (26) is
selected fromthe group consisting of nickel, cobalt, nickel base alloys
and cobalt base alloys and is adjacent to said substrate (12).

25. A conposite material (10), characterized by;
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a copper or a copper base alloy substrate (12); a coating
layer (14) consisting of tin or a tin base alloy overlying a portion of
said substrate (12); and ' a barrier (16) interposed between
sai'd substrate and said coating | ayer, said barrier being an alloy forned
fromat least a first, a third, and a different second netal or netal

all oy constituent |layer (26, 28, 30). said second all oy conaé&bﬁggﬁr%ayer
(28) being MeYE4Rant|ly copper and in direct contact with i ng

| ayer (14), wherein said barrier (16) has a thickness of fromO0.2 mcron

to 5 mcrons. WO 97/ 22472

PCT/ US96/ 19768 /7 - 27-

AMENDED CLAI M5 ol . 5 23 May 1997
(23.05.97); ancel | ed;
original clainms 1,2,4, 23-29 added,;

remai ni ng cl ai ms uncha

FIG.8




1. ‘A conposite material (-10), -char acterl zed by: a copper
or'a coﬁper*base—al@;as\ubtrate (12); a coating |ayer (14)

con5|st1n tin or a tin:base alloy overlyin rtjon of sald'substrate
(12): Q,! l ’! m “,m“"’n el ectropl at ed barn%& y%
bet ween 2) and said coating I'a éf “(14)", sai arri er Iayer

(16) being predom ha Aty copper and cont ai fof O M2 0 ht ,
of nickel and having a thickness of bety ﬁ%ﬁf nlc'jﬁizb"%'rr fvrﬁw.lggp

2. - The conposite material (10) of cla'm| characterized in that said
barrier | [, further contains at |east one element selected fromthe
group co fn, cobalt, iron and mi xtures thereof 4,

The conposite materi al (10_) of either claim1 or 2 characterized in that a
metal lic flashlis dAsempegitematesial(10)chamoieized®¥ (12) and said barrier

| ayer (16), said netallic flash having a thickness of from0.05 mcron to
1.25 microns. a copper ot'cqppe Base 2lloy substrate (12);

PCT/ US96/ 19768 - 28-

r5ret " ;I'rc1e conposi t ea BBétig mqmmm@mwmemwmm h?&rﬁ%ﬁl
said substrate (12); and
an electroplated barrier layer (16) interposed between said substrate (12) and
) said coating layer (14) directly contacting said coating layer (14), said batriet layer (16) being
™ predominantly copper and containing from 25% to 40% by weight, of nickel and having 2

thickness of between 0.2 and 2.5 microns.

2. The composite material (10) of claim 1 characterized in that said barrier layer
(16) ﬁmhamntainsatleastomelmeﬂselectedﬁbmtbogmwmnsisﬁngofﬁn,wbﬂt

iron and mixtures thereof,

:) 4. The composite material (10) of either claim 1 or 2 characterized in that a
metallic flash is disposed between said substrate (12) and =aid barrier layer (16), said metallic
flash having a thickness of from 0.05 micron to 1.25 microns,

REPLACEMENT SHEET
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flash.is selected fromthe group consisting of copper and nickel.
6:. The conposite.material (10) of any one of clains 1, 2, 4 or 5

char actMcoatl ng | ayer (14) includ seheet d
fromthe of silicon carbide, alum nmm’% 9t6L}

car bi de, mm m““ ide, silica, carbon bl ack dhid e @
polyt etr yl enme. 7. A conposite mat erial (10),

characterized by: a coppe®?or a copper base alloy substrate
(12); a coating layer (14) consisting of tin or a ti n base
all oy overlying a portion of said substrate (12);

el ect ropl at ed Sbar r ITe domypmsité m)mah(ﬂ))mfﬁﬁﬂﬂh&&ﬁeﬁﬁdﬁn&ﬁﬂ%f@ﬁﬁdﬂ@) and
said coa | a said barrjer |ayer (16) being predom nantly copper
and cont M?ﬁg‘e?{ Mé@étp mwmﬁmm gigkel. and having a t hi ckness
of between 0.2 and 5 mcrons; and a copper-tin internetallic

(38) dispersed in said coating |layer (14), said internetallic having a

flattened obelbi sk élﬁvampome materiaB(10) ofﬁngr oneryf eleiing 103} 4'or 3 cHadddterided

claim7 gh riz |nter taII|c 38) .has a length to width
aspect %t &8‘?%8 3@'?%’ gﬁ‘sé“‘? thp group consisting of
PCT/ USO6£ifichP Sarbxde, aluminum oxide, tungsten carbide, molybdenum disulfide, silica, carbon

black, graphite and polytetraflucroethylene.

O ' 7. A composite material (10), characterized by:
a copper or 2 copper base alloy substrate (12); '
a coating layer (14) consisting of tin or a tin base alloy overlying a portion
—~ of said substrate (12); .
"~ an electroplated barrier layer (16) interposed between said substrate (12) and
said coating layer (14), said barrier layer (16) being predominantly copper and containing
from 10% to 40%, by weight, of nicke] and having a thickness of between 0.2 and 5
microns; and
a copper-tin intermetallic (38) dispersed in sa:d coating layer (14), said
intermetallic having a flattened obelisk shape.

8  The composite material (10) of claim 7 characterized in that said
intermetallic (38) has a length to width aspect ratio of greater than S:1.
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-29-. ¢ 11. The conposite materlal (10) of either claim1 or

clatrm'Z fornmed into an autonotive sqcket Cw 12. Th ) site
mterlalwclalml or cIa|m7forrred|nto ﬁé}ﬁb% 279/68
WO 97/ 22472 PCT/ U896/1 7

- 30- “l hod of claim 18 characterized m + JUN
mtermeta’ m”’mm,"myelect ed from23e group consi stl ( Cu- N )381937
(Cu-N) [err] [é'rr]“' €u[err]Sn, Cu[err]Sn[err] and m xtures thereof is
deposited on said barrier layer (16) subsequent to step (d) and before step .

(c). 22. The nmethod of claim 16 characterized in that an
internetallic | ayer (38)

11. The composite material (10) of either claim I or claim 7 formed into an

auiomotive socket.

12. The composite material (10) of either claim 1 or claim 7 formed into an
automotive plug.
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sel ected fromthe group consisting of (CQu-N)[err]Sn, (Cu-N)[err]Sn[err],
Culerr]Sn, Cu[err]Sn[err] and mxtures thereof I.s deposited og?éabarrler

| ayer -(16) before-step—{cy; g %

characterized by a copper or m e alloy substrate
(12); | ““L““E\“Matr ng layer (14) consisting of tin or,a tin base
al | oy ovul of said subst rate M TPTC 1; ,Juv 1937
barrier (16)%in erposed bet ween said s sai d coatl ng |layer, said
barrier being an alloy fornmed fromat T t a first'and a different second
metal or netal alloy constituent |ayer (26, 28), said second all oy
constituent |ayer (28) being predom nantly copper and in direct contact .
Wi th said coating [23yer Atdmpositeanatenial{t0)claracterizedbys) has a t hi ckness of
fromO0.2 mcron to 5 mcrons. 24. The conposite material (10) of

claim 23 characterized igecdppet orsdoppér iasé alidy subseatel2); uent | ayer. (26) is
sel ected fromthe group consisting of nickel, cobalt, nickel base aI I oys

d balt b | 25.
and coba ase all oys %Q,ahﬁgmr ,&%@go@nﬁl&gmﬁemwm

A conposite materi al a copper or a
copper base. al a coating |layer (14)
consi st R qfosﬁ"d?ﬁ%ggﬁ.{t?&%ase all oy overlying a portion of said substrate

(12); and ar 16 nt er po te
and said coating Iayer %ﬁ?&%@ﬁf@%ﬂh@%ﬁ%%@gwﬁ
first, a third, and a different second met or allo contltueuﬁt
Iaxer (zwdm)bwmw % dmﬁ
dom nantly copper and in direct contact W|th sai d coating (14)L wherein
sa.qi bar lallcycéﬁ-‘ﬁlﬂde.ym(Zﬁ,2&);smdsahnﬂanoyeommmbmen@8)5bm
copper and in chrect contact with said coating layer (14), wherein said barrier (16) has a

thic_kness of from 0.2 micron to 5 microns.

24, The composite material (10) of claim 23 characterized m that said first alloy
constituent layer (26) is selected from the group consisting of nickel, cobalt, nickel base
alloys and cobalt base alloys and is adjacent to said substrate (12).

J 25, A composite material (10), characterized by:

& copper or a copper base alloy substrate (12); |

a coating Iayer (14) consisting of tin or a tin base alloy overlying a portion of
said substrate (12); and |

a barrier (16) interposed between said substrate and said coating layer, szid
barrier being an alloy formed from at least a first, a third, andadiﬁ'erent_secondmetal or
metal alloy constituent layer (26, 28, 30), said second alloy constituent layer (28) being
predominantly copper and in direct contact with said coating layer (14), wherein said barrier

(16) hasa thickness of from 0.2 micron to § rmcrons REPLACEMENT SHEET
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26. The conposi ' (10) of claim?25 char act er} z‘&&ﬂé haé.sam‘ 99
third a""ﬂlﬂnﬁ Mlﬂmﬁﬂmkr (30) that is nickel or a ni loy is
adj acent t sald oy constituent |ayer (28) and di sposed between .
sai d second al I oy constituent |ayer ( and said first alloy layer (26)
and that a fourth alloy constituent |ayer (32) that is copper or a copper

alloy is disposed adjacent to said third alloy constituent | ayer (30) and

T Tayer (387, *t4d by Snuta BT e s At 80§ s i 126
al loy layer I m
char act egiige éoﬂsﬁtdeﬁﬁlay&n(m? @iat & hiekel ©P AStibiel 1My tsaaawceﬁt&a Jsaid Sesdidediolyr om

the group consisting O ver, silicon, alum ndum Zzinc, iron, chrom um

manganes eonstisusat ayey (28 and disposed hetweencsaid seognd alleyresastitient dayen 2Rtando sai d
third all

const i { uSht SH80 Aoy HER' Rl miar’® Ko, oy RORAR G JaYer ooy Bl id Ghpiode 81, 0V
conposi t eoppdrmllbylls (likﬁc)sedfad}abmtm sdd ehiad mﬂdmﬁtﬁeﬂtrlaydnz(m)mﬂdﬁdﬂosai net al

ahdsal & PSR e 69 sotent Frref cBh ned ho] 8P BBy o B St cont act
y 1o

with both said first netal or alloy constituent |ayer (26) and said coating
(16). 29. The conposite material (10) of c¢laim 25 characterized

in that said fA%.st Theteompesitempterial R} of elabm 26| teyized)inithat apother allqy
contact VdohBieiéit Jayey $83)" RieStell Hom t#R3bup consisting of silver, silicon, aluminum, zinc;

iron, chromium, manganese, cobalt, vanadium, indium and alloys thereof is adjacent to
i said third alloy constituent layer (30) is disposed between said third alloy constituent layer
(30) and said coating layer (16).

28.  The composite material (10) of claim 23 characterized in that said first
metal or alloy constituent layer (26) is in direct contact with said substrate and said second
metal or alloy constituent layer (28) is in direct contact with both said first metal or alloy
constituent layer (26) and said coating (16).

29.  The composite material (10) of claim 25 characterized in that said first
metal or alloy constituent layer (26) is in direct contact with said substrate (12), said
-~ second alloy constituent layer (28) is in direéct contact with both said first alloy constituent
layer (26) and said third ailoy constituent layer (30) and said fourth alloy constituent layer
(32) is in direct contact with both said third metal or alloy constituent layer (30) and said
coating layer (16).
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second all oy constituent layer (28) is in direct contact with both said
first al;l oy constituent layer (26) and said third alloy constituent |ayer
(30)7and said fourth alloy constituent layer (32) is in direct contact with
both-said third netal or alloy constituent |ayer (30) and sai d gxe

| ayer (16).
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(57) Abstract

An electrical conductor (10) has a copper base substrate (12) coated with a tin base coating layer (14). To inhibit the diffusion of
copper ﬂ'om the substrate (12) into the coating layer (14) and the consequential formation of a brittle tin/copper intermetallic, a barrier layer
(lé)_ls mtupo;ned between the substrate (12) and the coating layer (14). This bamier layer (16) contains from 20 % to 40 %, by weight,
of nickel and is preferably predominantly comprised of copper. In one embodiment, an intermetallic layer (38) selected from the group
(Cu-Ni)aSn, (Cu-Ni)sSns, CusSn, CugSns is disposed between the barrier layer (16) and the tin base coating layer (14).




