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Description
Field of invention

[0001] The present invention relates to an electrical
terminal and in particular, to an electrical terminal with a
metal conductive layer comprising silver.

Background

[0002] Electrical connectors are typically formed from
a base substrate material that is coated with a high elec-
trical-conductivity layer to enable contacts to be mated
with minimised contact resistance. Example electrical
contacts include conductive pins insertable within back-
plates and male and female push-fit contacts to couple
electronic components and/or circuits. Typical electrical-
ly conducting plating materials include copper, gold, nick-
el, silver, tin and alloys thereof.

[0003] Silver as a contact plating provides high con-
ductivity and ductility to allow the connectors to compress
together when mated. This maximises the contact area
and minimises contact resistance. Silver is also easy to
solder. However, silver connectors, unlike other metals
such as gold, tends to tarnish in air. Other plating mate-
rials may oxidise or can be susceptible to environmental
degradation that may affect the conductivity, connection
interface or integrity. Accordingly, in a process known as
passivation, protective films or layers can be provided
over the conducting layer to prevent corrosion and/or
wear.

[0004] Difficulties exist in ensuring that the passivation
process is consistent, and this results in variations in the
protective properties of the passivation layer in the final
product. Therefore, there is a desire for silver-containing
terminals that do not require passivation. One known so-
lution is to provide silver alloys (for example Ag-C, Ag-
W or Ag-Cu) on a substrate. However, this too presents
problems because the concentration of the element sto-
ichiometry of the silver alloys is difficult to specify, pro-
duce and control. Thus, whatis requiredis improved elec-
trical connectors and contacts that do not require passi-
vation and which are simpler to manufacture than the
said known solutions.

[0005] Itis known to use soft metals, such as indium
or bismuth, in electrical connections, with the purpose of
reducing the insertion forces and to reduce PCB damage
during the connection process. Further, it is also known
that silver may form an intermetallic phase with indium,
gallium or tin.

Summary of the Invention

[0006] It is an objective of the present disclosure to
provide an electrical connector having high electrical con-
ductivity, low contact resistance as well as a resistance
to environmental effects, wear and tarnishing. It is a fur-
ther specific objective to provide a silver-based electrical
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connector that has an improved or simplified manufac-
turing process. The electrical connector may be a male
or female electrical terminal. It is a further specific objec-
tive to provide a process for manufacturing the electrical
terminal.

[0007] According to a first aspect of the present disclo-
sure there is provided an electrical terminal comprising
a substrate and a metallic conductive layer provided on
the substrate. The electrical terminal may be a male or
female electrical terminal. The metallic conductive layer
comprises either:

- asilver layer and an intermetallic phase of silver and
one or a combination of indium or gallium, or;

- asilver layer and a bismuth layer, wherein the silver
layer is located between the substrate and the bis-
muth layer.

[0008] The intermetallic phase may comprise elemen-
tal compounds, such as compounds of silver and indium
or gallium or a mixture thereof. In addition, or alternatively
the intermetallic phase may comprise a mixture of two or
more elements, for example, silver and indium or gallium
or mixture thereof.

[0009] The intermetallic phase or the bismuth layer
protects the silver layer in the metallic conductive layer
from environmental effects, wear and tarnishing. Further,
the insertion forces required for the terminal are reduced
due to the presence of the intermetallic phase. Addition-
ally, a terminal is provided having a more stable insertion
force. Such effects provide a terminal with enhanced lon-
gevity relative to existing terminals and that may be man-
ufactured via convenient and raw material efficient proc-
esses.

[0010] Inanembodiment, the intermetallic phase com-
prises tin. Preferably, the concentration ofindium, gallium
or tin in the intermetallic phase increases in a direction
extending away from the substrate.

[0011] The intermetallic phase may include various in-
termetallic compounds; for example, Agln,, Agsln,
Ag,3Sn, Ag,Ga, or Ag;Ga,. Optionally, the intermetallic
phase comprises indium and a wt% predominant inter-
metallic compound in the intermetallic phase is Agin,; or
the intermetallic phase comprises gallium and a wt% pre-
dominant intermetallic compound in the intermetallic
phase is Ag;Ga,; and/or Ag,Ga; or the intermetallic
phase comprises tinand awt% predominantintermetallic
compound in the intermetallic phase is Ag;Sn. The me-
tallic conductive layer may comprise bismuth and silver
and/or a silver-bismuth compound or alloy.

[0012] Ideally, the terminal further comprises a barrier
layer between the substrate and the silver layer. The bar-
rier layer prevents diffusion of the silver into the substrate.
The barrier layer may comprise any one or a combination
of the group comprising: nickel, copper or aluminium or
alloys thereof. In an embodiment where the substrate
comprises copper, the barrier layer may comprise nickel.
[0013] Optionally, the terminal further comprises a sil-
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verlayer. Ideally, the silver layer comprises at least 50%,
60%, 70%, 80%, 90%, 95%, 97%, or 99% silver. Yet fur-
ther optionally, the terminal comprises a layer of any one
or a combination of the group comprising: indium, gal-
lium, bismuth or tin comprising at least 50%, 60%, 70%,
80%, 90%, 95%, 97%, or 99% of any of indium, gallium,
bismuth or tin. Alternatively, the terminal comprising both
a silver layer comprising at least 50%, 60%, 70%, 80%,
90%, 95%, 97%, or 99% of silver and a layer of any one
or a combination of the group comprising: indium, gal-
lium, bismuth or tin comprising at least 50%, 60%, 70%,
80%, 90%, 95%, 97%, or 99% of any of indium, gallium,
bismuth or tin.

[0014] Ideally, the layer of any one or a combination
ofthe group comprising: indium, gallium or tin is disposed
directly on the intermetallic phase. Further ideally, the
intermetallic phase is disposed directly on the silver layer.
Optionally, the silver layer is disposed directly on the bar-
rier layer. Optionally the barrier layer is disposed directly
on the substrate.

[0015] According to a second aspect of the invention
there is provided a process for manufacturing the termi-
nal of firstaspect of the invention, the process comprising
the steps of:

depositing silver directly or indirectly on a substrate
to form a silver layer;

depositing any one or a combination of the group
comprising: indium, gallium, bismuth or tin on the
silver layer, to form a layer of any one or a combina-
tion of the group comprising: indium, gallium, bis-
muth or tin.

[0016] Ideally, the process comprises the step of tem-
pering or storing the terminal to form an intermetallic
phase comprising silver and any one or a combination
of the group comprising: indium, gallium or tin.

[0017] The process may include atempering step, stor-
ing step, or both a tempering and storing step. During
tempering and storing, the thickness of the intermetallic
phase increases, and consequently the thickness of the
silver layer and the layer of any one or a combination of
the group comprising: indium, gallium or tin decreases.
[0018] Ideally, the silver is deposited to a thickness of
between 0.5 and 10 pum, 2 and 6 pm, or4 and 5 pm.
[0019] Preferably, the indium, gallium, bismuth or tin
or combination thereof is deposited to a thickness of be-
tween 0.1 and 5 pm, 0.3 and 2 pum, or 0.5 and 1 um.
[0020] Ideally, the terminal is tempered by heating to
a temperature within 50°C below the melting point of the
indium, gallium, bismuth or tin. Preferably, the terminal
is tempered by heating for between 5 seconds and 5
minutes.

[0021] Optionally, the terminal is stored for between 2
hours and 7 days after the indium, gallium, bismuth, tin
or combination thereof is deposited.

[0022] Ideally, the process comprises initially forming
a barrier layer on the substrate before depositing the sil-
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ver and thereafter depositing the silver on the barrier lay-
er. The barrier layer may be formed by depositing any
one of or a combination of the group comprising: nickel,
copper, aluminium or alloys thereof.

[0023] The barrier layer may be deposited to a thick-
ness of between 0.1 and 10 pm, 0.5 and 3 pm, or 1 and
2 pm.

Brief description of drawings

[0024] A specificimplementation of the present disclo-
sure will now be described, by way of example only, and
with reference to the accompanying drawings in which:

Figure 1 is a cross sectional view of a male and fe-
male electrical terminal, each terminal comprising a
substrate and a metallic conductive layer provided
on the substrate according to a specific implemen-
tation; and

Figure 2 is a flow diagram illustrating a process for
manufacturing an electrical terminal according to a
specific implementation of the present invention.

Detailed description of preferred embodiment of the dis-
closure

[0025] In Figure 1 there is shown a male electrical ter-
minal 2 and a female electrical terminal 4 according to
the invention. Each terminal 2, 4 comprises a metallic
body, defining a substrate 6. In the embodiment shown,
the substrate 6 is formed from copper alloy, but alterna-
tive metals may be used such as aluminium alloy. Each
terminal 2, 4 further has a metallic conductive layer 8
provided on the substrate 6.

[0026] Referring now to Figure 2, the metallic conduc-
tive layer 8 has an intermetallic phase 10 of silver and
indium. In other embodiments not shown, the intermetal-
lic phase may be formed of silver and any other suitable
chemical. Other suitable chemicals include the post-tran-
sition metals gallium or tin. The presence of indium pro-
tects the silver in the conductive layer 8 from environ-
mental effects, wear and tarnishing. Further, as indium
is softer than silver, the necessary insertion force for the
terminals 2, 4 is reduced in the present invention when
compared with terminals with pure silver conductive lay-
ers. Various modifications will be apparent to the skilled
person. For example, the intermetallic phase may contain
a plurality of elements other than silver, for example, a
combination of any of indium, gallium or tin.

[0027] In the illustrated embodiment, the predominant
wt% intermetallic compound in the intermetallic phase is
Agln,. The predominant compound can be controlled de-
pending on the conditions of formation of the intermetallic
phase. Other compounds may also be present, such as
AglIn. In other embodiments, where bismuth or gallium
is present, the predominant compound may be Ag;Ga,
respectively. Again, other compounds of silver-bismuth
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or silver-gallium may be present.

[0028] The concentration of indium in the intermetallic
phase 10 increases in a direction heading away from the
substrate 6. In other words, the concentration of indium
is lowest at a location close to the substrate 6 and highest
at a location furthest away from the substrate 6. Further,
in contrast, the concentration of silver in the intermetallic
phase decreases in a direction heading away from the
substrate 6. The concentration of silver therefore is great-
est at a location close to the substrate 6 and lowest at a
location furthest away from the substrate. In other em-
bodiments where gallium or tin may be used in place of
indium, or alongside indium, the concentration of these
elements will again be lowest close to the substrate and
highest further from the substrate.

[0029] Theterminals 2,4 each comprise abarrier layer
12 located between the substrate 6 and the intermetallic
phase 10. The barrier layer 12 prevents diffusion of the
silver into the substrate. In the illustrated embodiment,
the barrier layer 12 is formed from nickel, but alternative
materials may be used such as copper, aluminium, or
alloys thereof. The thickness of the barrier layer 12 is
preferably between 1 and 2 um, but may alternatively be
between 0.5 and 3 pum or 0.1 and 10 um.

[0030] In the embodiment shown, the terminals 2, 4
further have a silver layer 14. In another embodiment,
not shown, the metallic conductive layer 8 comprises a
bismuth layer arranged onthe silver layer. The silverlayer
14 is located between the substrate 6 and intermetallic
phase 10, or between the substrate and the bismuth lay-
er. More specifically, the silver layer 14 is located be-
tween the barrier layer 12 and the intermetallic phase 10
or bismuth layer.

[0031] In the embodiment shown, the terminals 2, 4
further have an indium layer 16. The indium layer is the
outermost layer of the metallic conductive layer 8. Thus,
the intermetallic phase 10 is located between the indium
layer 16 and silver layer 14, barrier layer 12 and substrate
6. The indium layer has a thickness of up to 5 pm. In
other embodiments, the outermost layer may be a gal-
lium, bismuth or tin layer, or combinations thereof, pos-
sibly also with indium.

[0032] Theindium layer 16, which may also be formed
from any of gallium, bismuth or tin or combination thereof,
has a top surface 16a, and bottom surface 16b wherein
the top surface 16a is at one side of the layer and the
bottom surface 16b is at an opposing side. The interme-
tallic phase 10 further has a top surface 10a and a bottom
surface 10b wherein the top surface 10a is at one side
of the layer and the bottom surface 10b is at an opposing
side. The bottom surface 16b of the indium layer 16 is in
contact with the top surface 10a of the intermetallic phase
10. The top surface 16a of the indium layer is ideally
exposed and represents the outermost surface of the
conductive layer 8. The silver layer 14 further has a top
surface 14a and a bottom surface 14b wherein the top
surface 14a is at one side of the layer and the bottom
surface 14b is at an opposing side. The bottom surface

10

15

20

25

30

35

40

45

50

55

10b of the intermetallic phase is in contact with the top
surface 14a of the silver layer. The barrier layer 12 further
has a top surface 12a and a bottom surface 12b wherein
the top surface 12a is at one side of the layer and the
bottom surface 12b is at an opposing side. The bottom
surface 14b of the silver layer is in contact with the top
surface 12a of the barrier layer. The substrate 6 has a
top layer 6a. The top layer 6a of the substrate 6 is in
contact with the bottom surface 12b of the barrier layer.
[0033] Inuse, the male electrical terminal 2 is inserted
into the female electrical terminal 4. The metallic conduc-
tive layers 8 of each of the male and female electrical
terminals 2, 4 then contact one another and electric cur-
rent can then flow between the terminals 2, 4. Such ter-
minals 2, 4 may be connected to electrical cables via
crimping or ultrasonic welding. The electrical cables may
be copper or aluminium cables. The terminals 2, 4 may
be housed in a connector housing and joined to the elec-
trical cables for connection with other related electrical
equipment.

[0034] The terminals of the present invention can be
formed by reel-to-reel plating. In reel-to-reel plating,
strips of material or plated and then formed into the de-
sired product. There are four known reel-to-reel plating
techniques typically used to deposit metals on terminals:
immersion plating, strip technique, brush plating, and
spot technique. Immersion plating is typically used for
depositing large quantities of metals, whereas spot tech-
nique offers higher selectivity to save metal quantity.
[0035] In reel-to-reel plating, rolled blank material or
pre-stamped material is de-reeled and will be fed through
multiple process including rinsing, plating and drying, be-
fore being rewound onto a new real after having been
plated.

[0036] The terminals of the present invention can be
formed by an electro-plating process. In electro-plating,
the substrate is placed into an electrolyte solution in an
electrolysis bath. An anode is present in the electrolyte
solution which comprises the desired coating material.
The substrate is the cathode. The transfer of the material
from the cathode is achieved by setting the electrolysis
parameters such as bath temperature, pH, voltage, cur-
rent, electrolyte concentration and rinsing steps. The
skilled person will understand that many combinations
of parameters exist that will achieve the adequate plating
thickness and metal quality.

[0037] The terminals 2, 4 are formed according to the
following method. Initially, the substrate 6 is provided.
Next, the barrier layer 12 is formed by depositing nickel
on the substrate 6 to a thickness of 1-2 um. Alternatively,
the nickel may be deposited to a thickness of 0.5-3 pum
or 0.1-10 wm. Further alternatively, the barrier layer may
be formed by depositing any one of or a combination of
the group comprising: nickel, copper, aluminium or alloys
thereof.

[0038] Next,silver 14 is deposited indirectly on the sub-
strate 6 to form a silver layer. By "indirectly" we mean the
silver is deposited on the barrier layer 12 which in turn is
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deposited on the substrate 6. In other embodiments
where no barrier layer is present, the silver 14 may be
deposited directly on the substrate 6. The silver 14 is
deposited to a thickness of between 4 and 5 pum. Alter-
natively, the silver 14 may be deposited to a thickness
of between 0.5 and 10 um or 2 and 6 pm.

[0039] Next, indium 16 is deposited on the silver layer
14 to form an indium layer 16. The indium 16 is deposited
to a thickness of between 0.5 and 1 um but may be de-
posited to thicknesses of between 0.1 and 5 pm, 0.3 and
2 um. Alternatively, gallium, bismuth or tin may be de-
posited rather than indium, or combinations of any of in-
dium, gallium, bismuth or tin.

[0040] Before processing to form the intermetallic
phase, the bottom surface 16b of the indium layer 16 is
in contact with the top surface 14a of the silver layer; the
bottom surface 14b of the silver layer is in contact with
the top surface 12a of the barrier layer, and; the top layer
6a of the substrate 6 is in contact with the bottom surface
12b of the barrier layer.

[0041] After the metals have been deposited and the
layers formed, the terminals 2, 4 are then processed to
form the intermetallic phase 10. The intermetallic phase
10 is formed by preferably tempering 16 and then storing
18 the terminals 2, 4. However, the intermetallic phase
10 may be also be formed by either a tempering step 16
or storage step 18 alone. During tempering or storing,
the thickness of the intermetallic phase 10increases, and
consequently the thickness of the silver layer 14 and in-
dium layer 16 decreases. After tempering or storing, the
thickness of the indium, gallium or tin layers should be
at least 50% of the initial thickness (i.e., the thickness
before tempering). For example, the indium may depos-
ited to a thickness of between 0.3 and 2 um. After tem-
pering or storage, the indium layer should have a thick-
ness of between 0.15 and 2 pm.

[0042] The tempering step 16 involves heating the ter-
minal 2, 4 to a temperature within 50°C below the melting
point of indium. Ideally, the terminal 2, 4 is heated to just
below the melting point of indium, for example
140-150°C. Where metals other than indium are used,
the heating temperature should be altered accordingly
to below the melting point of the alternative metal. The
heated temperature is maintained for 30 seconds, but
shorter or longer periods may also be used and a range
of between 5 seconds and 5 minutes may be suitable.
[0043] Inthe storage step 18, the terminal 2, 4 is simply
stored, preferably at ambient temperature, for a period
oftime to allow the intermetallic phase 10 to form. Ideally,
the terminal 2, 4 is stored for 1-3 days but shorter or
longer time periods may also be acceptable, for example
between 2 hours and 7 days.

[0044] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood to one of ordinary skill in the art to
which the presently described subject matter pertains.
[0045] Where a range of values is provided, for exam-
ple, concentration ranges, percentage ranges, or ratio
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ranges, it is understood that each intervening value, to
the tenth of the unit of the lower limit, unless the context
clearly dictates otherwise, between the upper and lower
limit of that range and any other stated or intervening
value in that stated range, is encompassed within the
described subject matter. The upper and lower limits of
these smaller ranges may independently be included in
the smaller ranges, and such embodiments are also en-
compassed within the described subject matter, subject
to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits
are also included in the described subject matter.
[0046] It should be understood that the terms "a" and
"an" as used above and elsewhere herein refer to "one
or more" of the enumerated components. It will be clear
to one of ordinary skillin the artthat the use of the singular
includes the plural unless specifically stated otherwise.
Therefore, the terms "a," "an" and "at least one" are used
interchangeably in this application.

[0047] Unless otherwise indicated, all numbers ex-
pressing quantities of ingredients, properties such as
size, weight, reaction conditions and so forth used in the
specification and claims are to the understood as being
modified in all instances by the term "about". Accordingly,
unless indicated to the contrary, the numerical parame-
ters set forth in the following specification and attached
claims are approximations that may vary depending upon
the desired properties sought to be obtained by the
present subject matter. At the very least, and not as an
attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical param-
eter should at least be construed in light of the number
of reported significant digits and by applying ordinary
rounding techniques.

[0048] Throughoutthe application, descriptions of var-
ious embodiments use "comprising" language; however,
it will be understood by one of skill in the art, that in some
instances, an embodiment can alternatively be described
using the language ‘"consisting essentially of
or "consisting of."

Claims

1. An electrical terminal comprising a substrate and a
metallic conductive layer provided on the substrate
characterised in that the metallic conductive layer
comprises either:

a silver layer and an intermetallic phase of silver
and one or a combination of indium or gallium,
or;

a silver layer and a bismuth layer, wherein the
silver layer is located between the substrate and
the bismuth layer.

2. The terminal as claimed in claim 1, wherein the in-
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termetallic phase optionally comprises tin, and
wherein the concentration of indium, gallium or tin in
the intermetallic phase increases in a direction ex-
tending away from the substrate.

The terminal as claimed in claim 1 or claim 2, where-
in:

* the intermetallic phase comprises indium and
a wt% predominant intermetallic compound in
the intermetallic phase is Agin,;

« the intermetallic phase comprises gallium and
a wt% predominant intermetallic compound in
the intermetallic phase is Ag;Ga,; and/or
Ag,Ga; or

+the intermetallic phase comprises tinand awt%
predominant intermetallic compound in the in-
termetallic phase is Ag;Sn;

The terminal as claimed in any preceding claim fur-
ther comprising: a barrier layer between the sub-
strate and the silver layer, optionally wherein the bar-
rier layer comprises nickel.

The terminal as claimed in any preceding claim fur-
ther comprising a layer of any one or a combination
of the group comprising: indium, gallium, bismuth or
tin.

The terminal as claimed in claim 5 wherein the layer
of any one or a combination of the group comprising:
indium, gallium, bismuth or tin is disposed directly
on the intermetallic phase, and wherein the interme-
tallic phase is disposed directly on the silver layer,
and optionally wherein the silver layer is disposed
directly on the barrier layer, and optionally wherein
the barrier layer is disposed directly on the substrate.

A process for manufacturing the terminal of claim 1,
the process comprising the steps of:

depositing silver directly or indirectly on a sub-
strate to form a silver layer;

depositing any one or a combination of the group
comprising: indium, gallium, bismuth or tin on
the silver layer, to form a layer of any one or a
combination of the group comprising: indium,
gallium, bismuth or tin.

The process of claim 8 comprising the step of tem-
pering and/or storing the terminal to form an inter-
metallic phase comprising silver and any one or a
combination of the group comprising: indium, gallium
or tin.

The process of claim 7 or claim 8 wherein the silver
is deposited to a thickness of between 0.5 and 10
pm.
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10.

1.

12.

13.

14.

15.

The process of any one of claims 7 to 9 wherein the
indium, gallium, bismuth or tin or combination thereof
is deposited to a thickness of between 0.1 and 5 um.

The process of any one of claims 7 to 10 wherein
the terminal is tempered by heating to a temperature
within a range 50°C below the melting point of the
indium, gallium, bismuth or tin.

The process of claim 11 wherein the terminal is tem-
pered by heating for between 5 seconds and 5 min-
utes.

The process of any one of claims 7 to 12 wherein
the terminal is stored for between 2 hours and 7 days
after the indium, gallium, bismuth, tin or combination
thereof is deposited.

The process of any one of claims 7 to 13 comprising
initially forming a barrier layer on the substrate before
depositing the silver and thereafter depositing the
silver on the barrier layer.

The process of claim 14 wherein the barrier layer is
formed by depositing any one of or a combination of
the group comprising: nickel, copper, aluminium or
alloys thereof, and optionally wherein the barrier lay-
eris deposited to a thickness of between 0.1 and 10
pm.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-15(partially)

Inventive concept I regards an electrical terminal
comprising a substrate and a metallic conductive layer
provided on the substrate, wherein the metallic conductive
layer comprises:

a silver layer and an intermetallic phase of silver and
indium.

Inventive concept I also concerns the respective process for
manufacturing said terminal.

2., claims: 1-15(partially)

Inventive concept II regards an electrical terminal
comprising a substrate and a metallic conductive layer
provided on the substrate, wherein the metallic conductive
layer comprises:

a silver layer and an intermetallic phase of silver and
gallium.

Inventive concept II also concerns the respective process
for manufacturing said terminal.

3. claims: 1-7, 9-15(all partially)

Inventive concept III regards an electrical terminal
comprising a substrate and a metallic conductive layer
provided on the substrate, wherein the metallic conductive
layer comprises: a silver layer and a bismuth layer, wherein
the silver layer is located between the substrate and the
bismuth layer.

Inventive concept III also concerns the respective process
for manufacturing said terminal.

4. claims: 1-15(partially)

Inventive concept IV regards an electrical terminal
comprising a substrate and a metallic conductive layer
provided on the substrate, wherein the metallic conductive
layer comprises a silver layer and a tin layer, wherein the
silver layer is located between the substrate and the tin
layer.

Inventive concept IV also concerns the respective process
for manufacturing said terminal.
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