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@ Intermetallic connector finishes.

@ An intermetallic connector finish is obtained by combin-
ing a layer of base metal with a layer of semi-noble material to
produce a mixture containing intermetallic or intermediate
compounds with contact properties in excess of either of the
pure materials taken alone.

Croydon Pr;ntmg Company Lid




10

15

20

25

0033644

-1 -

INTERMETALLIC CONNECTOR FINISHES

The present invention relates to connectors and
more particularly to metallic finishes for the
contacts of such connectors.

Electrodeposited gold has been traditionally used
as a connector material because of its unique
combination of properties including low wear rate and
excellent corrosion resistance. However, the
utilization of gold as a contact material has come
under close scrutiny since the marked increase in
gold prices during recent years and it has become
evident that the connector industry must consider
alternative cheaper coatings.

Several connector manufacturers are now using
cheaper tin contact finishes on commercial connectors
but the poor wear rate as opposed to that achieved
with gold finishes limits the use of the base metal to
connectors which require only a ‘*‘short® operational
iifetime.

Tin also suffers from the disadvantage that
electrodeposited tin is prone to the formation of

whiskers and is therefore not suitable for use on

miniature connectors where the contact pitch is small and

shorting could readily occur. :

Silver is also used as an alternative contact
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finish on comercial connectors but is prone to
silver migration and is siisceptable to tarnishing
in sulphurous atmospheres and has relatively poor
wear resistance.

It is an object of the present invention to
provide an intermetallic connector finish which is
considerably cheaper than finishes containing largé
percentages of gold but which gives an acceptable wear
rate and good corrosion resistance cohparable to the
previous gold finishes.

The present invention therefore-ﬁrovides a metallic
finish for connectors includiﬁg a mixture of silver and
tin in yhich the silver and tin are combined in part or in
whole t; form an interﬁetallic or intermediate compound.
Intermediate and Intermetallic compounds are defined
in Physical Metallurgy 2nd Edition edited by R. W. Cahn,
Nor th Holland, 1970 page 229.

In a preferred embodiment the final finish contains
from 25 to 100% by volume of the intermetallic or
intermediate compound.

In a more specific embodiment a layer of silver is

deposited on connector contacts, a layer of tin is deposited

produce a combined silver-tin intermetallic connector

finish. Alternatively the layer of tin may be deposited

Ll
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first the layer of silver deposited onto the %tin with
subsequent diffusion to produce the intermetallic
connector finish. Alternatively multiple layers of tin
and silver may be deposited to the desired fotal
thickness and composition. This would increase the rate
of conversion to the intermetallic phase during
diffusion.

In a preferred embodiment a iayer of iron is deposited
onto the connector contact prior to the deposition of
the silver and tin to form a barrier between the contact
material and the intermetallic or intermediate compound
The intermetallic or intermediate compound may be directly
deposited from a carefully selected solution containing
ions of silver and tin providing temperature and rate
of deposition is carefully controlled.

Embodiments of the present inventioﬁ will now be
described by way of example.

According to the present invention a practical method
for the preparation df the intermetallic containing
contact finishes involves the successive electrodeposition
of a layer of one pure metal over another followed by
subsequent diffusion treatment.

In this work the diffusion may be achieved by heat
treatment in a 9ON2/10H2 atmosphere, but glow

discharge assisted diffusion is an alternative
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method whichjmighfrberconsidered-forrproduction
purposes.' Thg,reéultant:diffusedVStructure consists
of varying pfopoffiéns of sblid solution:and hard
intermetallicicohpoﬁhdsrdepending,upoh;the alloy
composifion, the'heét;treathent employédrahd the
presence or;absenée of interaééioﬁ wifh tﬁe substréte.
Alternatively;the finish may,bé directly:déposited:
by electrodepositionrwith ofjwighcutra éubsequentr
diffusion prodess. 77 f

The choice of cthtituent éleménts is based
upon the matéfial cést, thereasé of éle@trodeposition
from commerciallyraVailablé sdlutibns and the
melting'points@f JbOthr the original metals the nature
of théiphaSerdiagram and the meltingfpoint of the
resultant iﬁtermefalliq'phasgs. Silver has been
selected becauserif is a Semifnoblé metal; VThe
combination withra low mélting'boint material such as
tin enables the &Se of relatively low diffusion
femperatures ifra'aifquion prbcéss isrto be used
thch shouldjhbf,c?uée any deferibration of the
mechanical prdpefﬁiesréf¢thé underlying substrate
material. VDiffusioh'may be cpndﬁcfed’wholly in the
éolid stafej;orriﬁvblVinéia traﬁ&iént'liquid phase
if the melting pOiﬁt’of,therléﬁer melting point

metal is exceeded. It is possible for the substrate
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material to diffuse into the above electroplated layers
during the heat treatment; this may or may not have
adverse effects upon the performance. A diffusion
barrier may be employed to prevent this.

The intermetallics achieved by suitable diffusion
treatments or electrodeposition have several properties
which are required by contact finishes. The atomic
ordéring which is very common in intermetallic compounds
gives them intrinsically greater hardmness than a
pure metal or golid solution thereby dimparting
improved wear resistance. The strong chemical bonding
of such phases indicated low reactivity and therefore
good corrosion resistance. In additiom the relatively
high melting points of the intermetallic
compounds result in improved ambient temperature
mechanical properties (in particular creep resistance)
which is essential when contéct finishes are mated
under stress.

A preferred intermetallic contact f£inish is
obtained using diffused layers in the Ag-Sn system.
htilization of different relative plating thickness,
diffusion temperatures and diffusion times enables the
formation of varying proportions of Ag3Sn intermetallic
and silver or tin (Ag or Sn) solid solution as

determined form the phase diagram. A range of these




10

15

20

25

0033644

.

hateriais haverbéeﬁﬂteéted oﬁrmédel connector
contacts. In thersiﬁplést,céée thesé materials were
prepared by the diffusionrof fin and silver layers
deposited directiy onto a copper based alloy
substrate wifhout”ah iﬁtermediate barfiér layer.
The best of'thésé finishes éxhibit consistent low
contact resistahcej((SmAJ and low friction
(60 gramé per contact) durinQVSOﬂroperafions with 100
and 150 gfam éohtact,loads. Fﬁfthermofe; £he wear rate
of these diffused coatings,was similar to that of a hard
gold finish; in the abové'festé only 3 ;74rm of the
10Hm coating has worn thrbﬁghrafter SGO oéerations--
Tin-lead finishes of Similaf thickhessrwere,ﬁo;n through
to the substrate after'SO t§7250 operations depending,
upon the depoéit'lead cbnienf.

A first example Withiﬁ this type of intermetallic
connector.finishes'ié as follows:— o

A layer of-S microns of,tin is elegtrodeposited
over a 5 miéfon layer of elecfrodg?ositedréilver on
a bronze substréte, and'thé'layerS'intérdiffused for
1 hopr at ZSOQC;in armildly reduéihg atmosphere.
The composition homogéneity and miﬁrostfubture of the
diffﬁsed'layer were exémined by’sfaﬁdard metallogréphic
sectioning and by X ray diffractiqh;scaﬁning

electron microscopy and electron microprobe analysis.
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The resulting layer consisted of the Ag3Sn intermetallic
and a smaller proportion of pure tin. The intermetallic
Ag3Sn comprised the major proportion of the surface
regions of the diffused layers. On testing in a
model connector between a 1l.5mm radius coatéd
bronze cone and a flat coated bronze plate at 100
and 150 Qram contact load the finishes exhibited
consistent low contact resistance (<5mn) and low
friction (<60 grams) during 500 sliding operations.
The wear rate of the coating was similar to that of
a hard gold coating, only 3 - 4 microns has worn
through after the 500 operations.

A second preferred example within this type
of intermetallic connector finish is as follows:-

A layer of 2.5 microns of tin is electrodeposited

over a 7.5 micron layer of electrodeposited silver on a

" bronze substrate and the layers interdiffused for

one hour at 250°C in a'mildly reducing atmosphere.

Tge resulting layer consisted of the Ag3Sn intermetallic
and a proportion of pure silver. The intermetallic Ag3Sn
comprised the major proportion of the surface régions

of the diffused layers. On testing in a similar.

fashion in a model connector, consistent low contact

resistance and low friction were obtained. In addition

low contact resistance (£{5mf) was maintained after
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exposure to the standard:SOZ/COZVindustrialiatmosphere

as specified for BS 9000 qualified components

in both mated and unmated states for a 100 gram contact
load for static coﬁditions. Low contact resistance ({5mn)
was also maintained upon subsequent wiping. -

In the above two examples the electrodepositions of
the silver and tin layers may be in the reverse order with
the silver being deposited on top of the layer of tin
which is initially deposited on the bronze substrate.

The quantities of silver and tin will be the same.

Although the above samples poséess favourable
contact properties interaction with the substrate can
give rise to variability in contact resistance behaviour.
This wvariability is attributed to the non-planar
diffusion of copper from tﬁe copper alloy substrate
into the Sn/Ag regions during the diffusion treatments
and the consumption of liquid tin by reaction Qith the
copper alloy substrate. The use of an iron barrier la?er
between the Sn/Ag and copper alloy substraies has proved
effective in preventing this interaction and diffusion
of copper and has permitted the production of contacts
with more reproducible properties.

Samples of Z%Pm Sn electrddeposited over 7% um Ag,
electrodeposited over a 3Pm iron barrier layer and

deposited onto a copper alloy substrate had been
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diffused for 30 minutes at 250°C. The material
largely comprises a layer of Ag3Sn whilst a small
amount of tin rich material remains at the surface
and some silver rich material remains beneath the Ag3Sn
layer. The contact resistance of these samples is
consistant over 1,000 wipes under 100 g contact load,
the values being ¢ 8mn. The corresponding friction

is also consistent and below 100 g force/contact.

The wear of lqum coating is 4 - 6Fm after 500 wipes
and 7 - 8Pm after 1,000 wipes.

When an iron barrier is employed optimum contact
properties are achieved for a heat treatment of 30
minutes at 250°C. It has also been found that tin
to silver thickness ratios sould not be in excess of 1:3.

The corrosion resistance of samples of Z%Pmtin
electrplatedover 7%pm silver electroplated over a 3Fm
iron barrier layer on a bronze substrate and diffused
for 30 minutes at 250°C has been examined. The material
shows no increase in contact resistance after 10 days
exposure to the BS 2011 part 2.1 Db eyclic damp heat
test in the mated and unmated states under loads of

100 and 200 grammes. No increase in resistance was

observed after 56 days exposure to the BS 2011 part 2.1 Ca

1977 steady state damp heat test in the mated and unmated

states and also after 20 days exposure to the SOZ/CO2
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industrial atmosphefe £esf in the mated staté as
specifiéd er BS'906d'éualified céhponénts.fiAgain 
no resistance increaserwés,obsefQéa after 500 hts, |
storage at 85°C in air in the mated and uQmétéd;staieS-

The resisfancé of’iﬁis matéfial'to,silver B
migration:is good.—'SilQer migfation'wésjmoﬁitdréd
using the so called "Water Drop" test. In this test
a drop of deidniséd wafef is §laced so as to'bridgerA
the gap bétweenithrcohdﬁctor'lines and the migration
of silver is obsérved upon'épplyihg a bias between
the two conduétdrs;, The diffﬁsea fin silﬁerrlayerr
shows no evidence of gilver'migratiqn'afterVBO minutes
at 5, 10 or7157volts fér a lmm'gap} Uﬁder the same -
test cahditionsrsi;ver showércieaf evidence of migration
after only 2 minutes?at'Srvélts,r' |

Silver Tin Alloys can alsb'be directly electro-
deposited from'so;utions containing'silvéf and tin ions.
Several formulatiégs ére'poésibie; One -example

of such a solution has the following, composition:’

> .

Silvéf Cyanidé' - AgCN 7  70.019M
Pbtassium Sténnate KZSﬁO3V3H2077 0.375M
Potassium HydroXidé "KOH”' , : l.ZSM 
Potassium Cyaﬁide ;'  KCN - - 1.40M7

The deposit produced froﬁ:this solution consists

mainly of thé'intermefallic cbmpoundeg3Sn.—
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A second example of a solution of electrodepositing
silver tin alloys has the following composition:

Potassium Pyrophosphate K4P207 3.30M

Potassium Silver Cyanide K Ag(CN)2 0.20M

Potassium Stannate KZSnO3 3.80M

This solution produces a deposit containing

88% silver and 12% tin.

A third example has the composition:

Potassium Pyrophosphate K4P207 0.39 - 0.67M
Potassium Ferrocyanide K4Fe(CN)6 0.012M
Silver Ferrocyanide Ag4Fe(CN)6 . 0.020- 0.046M
Tin Pyrophosphate Sn2P207 0.090- 0.13M

The relative concentrations of silver and tin ions
in solution determine the composition and structure of the
electrodeposit. Under certain conditions a deposit

containing intermetallic or intermediate compounds and

‘free tin can be produced.

Deposits have been prepared from the Ag CN K, Sn 0

2 3
solution described above. The deposit plated at a

temperature of 55°C and at a current density of

6m Amps/cm2 was shown by X ray diffraction to contain
the Ag3Sn intermetallic with traces of free tin and
silver. The contact resistance values varied between
3 and 6.5 ohms during 500 wipe cycles under a 100gr

contact load and the corresponding friction rose from
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50 to 100 grammes force during the test. The coating
had worn through approximately lOHm during the 500
wipe operations.

To summarise the Ag-Sn intermetallic connector
system offers a considerable improvement in contact
propertieé over pure silver and pure tin. It also
offers a considerable cost feduction if used as an

alternative to gold..
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WHAT WE CLAIM IS:

1. A metallic finish for connectors including a

mixture of silver and tin in which the silver and tin

are combined in part or whole to form an intermetallic

or intermediate compound.

2. A metallic finish for connectors as claimed in

claim 1 containing from 25 to 100% by volume of the
intermetallic or intermediate compound.

3. A metallic finish for connectors as claimed in claim
1 in which a layer of iron is deposited on the connector
substrate to provide a barrier laver between the
substrate and the intermetallic or intermediate compound.
4. A mgthod of producing a metallic finish for connectors
in which a layer of silver is deposited on a connector
contact, a layer of tin i1s deposited on the silver and
the resultant layers are diffused to produce a combined
silver-tin intermetallic or intermediate connector
finish.

5. A method of producing a metallic finish for connectors
as claimed in claim 4 in which a layer of iron is
initially deposited on to the connector contact to form

a barrier layer between the contact and the intermetallic
or intermediate connector finish.

6. A method of producing a metallic finish for connectors

in which a layer of tin is deposited on a connector
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contact, a layer of silver is deposited on the tin
and the result layers are diffused to produce a
combined silver- tin intermetallic or intermediate
connector finish.
7. A method of producing a metallic finish for
connectors as claimed in claim 4 or claim 6 in which a
plurality of,silver,and tin'layers are deposited
prior to the diffusion process.
8. A method of producing'a metallic finish for connectors
by direct electrodeposition ffom a solution containing
silver and tin ions to form a layer containing an
inﬁermetallic or intermediate compound-
9. A meﬁgod of producing a metallié finish for
connectors as claimed in claim 8 in which the
electrodeposition layer is subjecﬁed té a subsequent
heat treatment.
10. A met@od of producing a metallic finish for connectors
as claimed in claim 9 wherein an iron barrier layer is
present on the cénﬁector substrate to separéte the

deposition from the connector substrate.

o
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