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and a minimal reduction in electrical conductivity.

COBALT/TITANIUM RATIO

There is disclosed a copper base alloy which contains specified additions of chromium, zirconium, cobalt and/or iron, and
titanium as well as methods for the processing of the copper alloy. One method of processing results in a copper alloy having
high strength and high electrical conductivity. A second method of processing results in a copper alloy with even higher strength
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COPPER ALLOY HAVING HIGH STRENGTH AND CONDUCTIVITY AND METHOD
OF MANUFACTURING THEREOF.

This invention relates to copper alloys having high
strength and high electrical conductivity. More
particularly, a copper-zirconium-chromium base alloy is
modified by additions of cobalt (and/or iron) and ti;anium
to form a copper alloy for electrical and electronic
applications.

Electrical components such as connectors and electronic
components such as leadframes are manufactured from copper
alloys to exploit the high electrical conductivity of
copper. Pure copper such as C10200 (oxygen-free copper
having a minimum copper content by weight of 99.95%) has a
yield strength in a spring temper of about 37 kg/mm?® (52
ksi) which is too weak for applications in which the
component is subject to forces associated with insertion and
removal. To increase the strength of copper, a wide array
of alloying elements have been added to copper. In most
cases, there is a tradeoff between the increase in yield
strength achieved by the alloying addition with a resultant
decrease in the electrical conductivity.

Throughout this application, alloy designations such as
€10200 utilize the Unified Numbering System designations.
Compositional percentages are in weight percent unless

otherwise noted.
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For electrical and electronic applications zirconium
and mixtures of zirconium and chromium are frequently added
to copper. For example, copper alloy C15100 (nominal
composition .05-.15% zirconium and the balance copper) has
an electrical conductivity of 95% IACS (IACS stands for
International Annealed Copper Standard where unalloyed
copper is defined as having an electrical conductivity of
100% IACS). C15100 has a spring temper yield strength of no
more than 46 kg/mm2 (66 ksi). A copper-zirconium
intermetallic phase precipitates from the copper matrix as a
discrete second phase following heat treatment
(precipitation hardening) increasing the strength of the
alloy. However, the yield strength of C15100 is still too
low for the current trend to higher strength connectors and
leadframes in miniaturized applications.

Higher strength is obtained by adding a mixture of
chromium and zirconium to copper. C€18100 (nominal
composition 0.4% - 1.0% chromium, 0.08% - 0.2% zirconium,
0.03 - 0.06% magnesium and the balance copper) has an
electrical con§uctivity of 80% IACS at a yield strength of
from 47-50 kg/mm? (67 to 72 ksi). The electrical
conductivity of C18100 is acceptable, however, the yield
strength is slightly lower than desired. Also, a chromium
content above the maximum solid solubility of chromium in
copper, about 0.65% for a copper/chromium binary alloy,

leads to large second phase dispersions which contribute to
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a poor surface quality and non-uniform chemical etching
characteristics.

For leadframes requiring high heat dissipation to
prolong semiconductor device life and electrical conneétors
carrying high currents where ohmic heating is detrimental,
it is desirable to have an electrical conductivity above
about 70% IACS and a yield strength above about 56 kg/mm2
(80 ksi).

The alloy should have good stress relaxation resistance
properties both at room temperature and at elevated (up to
200°C) service temperatures. When an external stress is
applied to a metallic strip, the metal reacts by developing
an equal and opposite internal stress. If the metal is held
in a strained position, the internal stress will decrease as
a function of both time and temperature. This phenomenon,
cailed stress relaxation, occurs because of the replacement
of elastic strain in the metal to plastic, or permanent
strain, by microplastic flow. Copper based electrical
connectors are frequently formed into spring contact members
which must maintain above a threshold contact force on a
mating member for prolonged times. Stress relaxation
reduces the contact force to below the threshold leading to
an open circuit. Copper alloys for electrical and
electronic applications should, therefore, have high
resistance to stress relaxation at both room and high

ambient temperatures.
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The minimum bend radius (MBR) determines how severe a
bend may be formed in a metallic strip without "orange
peeling" or fracture along the outside radius of the bend.
The MBR is an important property of leadframes where the
outer leads are bent at a 90° angle for insertion into a
printed circuit board. Connectors are also formed with
bends at various angles. Bend formability, MBR/t, where t
is the thickness of the metal strip, is the ratio of the
minimum radius of curvature of a mandrel around which the
metallic strip can be bent without failure and the thickness

of the metal.

(1) _MBR _ Radius of Curvature of Mandrel
t Thickness of Metal.

An MBR/t of under about 2.5 is desired for bends made
in the "good way", bend axis perpendicular to the rolling
direction of the metallic strip. An MBR of under about 2.5
is desired for bends made in the "bad way", bend axis
parallel to the rolling direction of the metallic strip.

In summary, a desirable copper alloy for electrical and
electronic applications would have the combination of all of
the following properties:

° Electrical conductivity greater than 70% IACS.

e Yield strength greater than 56 kg/mm? (80 ksi).

° Resistance to stress relaxation at a temperature as

high as 150°C.
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] MBR/t less than 2.5 in the "“good way" and “bad

way".

The copper élloy should resist oxidation and etch
uniformly. The uniform etch provides sharp and smooth
vertical lead walls on etched leadframes. A uniform
chemical etch during precleaning also promotes good coatings
by electrolytic or electroless means.

U.S. Patent No. 4,872,048 to Akutsu et al, discloses
copper alloys for leadframes. The patent discloses copper
alloys containing 0.05 - 1% chromium, 0.005 - 0.3% zirconium
and either 0.001 - 0.05% lithium or 5 - 60 ppm carbon. Up
to about 2% of various other additions may also be present.
Two disclosed examples are Alloy 21 (0.98% chromium, 0.049%
zirconium, 0.026% lithium, 0.41% nickel, 0.48% tin, 0.63%
titanium, 0.03% silicoﬁ, 0.13% phosphorous, balance copper)
with a tensile strength of 80 kg/mm? (114 ksi) and an
electrical conductivity of 69% IACS and Alloy 75 (0.75%
chromium, 0.019% zirconium, 30ppm carbon, 0.19% cobalt,
0.22% tin, 0.69% titanium, 0.13% niobium, balance copper)
with a tensile strength of 73 kg/mm? (104 ksi) and an
electrical conductivity of 63% IACS.

Great Britain Patent Specification No. 1,353,430 to
Gosudarstvenny Metallov, discloses copper-chromium-
zirconium alloys containing tin and titanium. Alloy 1
contains 0.5% chromium, 0.13% titanium, 0.25% tin, 0.12%

zirconium, balance copper with a tensile strength of 62-67
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kg/um? (88-95 ksi) and an electrical conductivity of 72%
IACS.

Great Britain Patent Specification No. 1,549,107 to
0lin Corporation, discloses copper-chromium-zirconium alloys
containing niobium. Dependent on the method of processing,
an alloy containing 0.55% chromium, 0.15% zirconium, 0.25%
niobium and the balance copper has a yield stress of from
51-64 kg/mm? (73-92 ksi) and an electrical conductivity of
71-83% IACS.

It is apparent that there remains a need in the art for
a copper alloy which satisfies the requirements specified
above. Accordingly, it is an object of the present
invention to provide such an alloy. It is a feature of the
invention that the copper alloy is a
copper-chromium-zirconium alloy containing specific
concentrations of cobalt and titanium; iron and titanium; or
cobalt, iron and titanium. Another feature of the invention
is that the atomic percent ratio of cobalt to titanium; iron
to titanium; or cobalt plus iron to titanium is controlled
to provide high conductivity while retaining the strength of
the alloy.

It is an advantage of the present invention that the
claimed copper alloys have a yield strength above about 56
kg/mm? (79 ksi) and with the addition of multiple in process
aging anneals, the yield strength is increased to above
about 62 kg/mm? (89 ksi). Still another advantage of the

invention is that the electrical conductivity of the claimed



WO 94/10349 PCT/US93/10030

10

15

20

25

alloys is above 73% IACS and in some embodiments exceeds 77%
IACS. It is a further advantage of the invention that the
copper alloys exhibit excellent strength relaxation
resistance with over 95% of the stress remaining after
exposure to 150°C for 3,000 hours. Yet a further advantage
of the invention is that following some processing |
embodiments, the MBR/t of the alloy is about 1.8 in the good
way and about 2.3 in the bad way for the claimed copper
alloys.

Accordingly, there is provided a copper alloy
consisting essentially of from an effective amount up to
0.5% by weight chromium; from about 0.05 to about 0.25% by
weight zirconium; from about 0.1 to about 1% by weight of M,
where M is selected from the group consisting of cobalt,
iron and mixtures thereof; from about 0.05% to about 0.5% by
weight titanium; and the balance copper.

The above stated objects, features and advantages will
become more apparent from the specification and drawings
which follows.

Figure 1 is a photomicrograph of copper base alloy
containing chromium, zirconium and titanium with nickel as a
transition metal addition.

Figure 2 is a photomicrograph of copper base alloy
containing chromium, zirconium and titanium with cobalt as a

transition metal addition.
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Figure 3 graphically illustrates the effect of the
cobalt/titanium weight percent ratio on the electrical
conductivity.

Figure 4 shows in block diagram the initial processing
of a copper alloy containing chromium, zirconium, cobalt
and/or iron, and titanium in accordance with the inveniion.

Figure 5 shows in block diagram a first embodiment to
further process the copper alloy for high strength and high
electrical conductivity.

Figure 6 shows in block diagram a second embodiment to
further process the copper alloy with extra high strength
with a minimal loss of electfical conductivity.

The copper alloys of the invention consist essentially
of chromium, zirconium, cobalt and/or iron and titanium.
The chromium is present in an amount of from that effective
to increase strength through precipitation hardening to
about 0.8%. Zirconium is present in an amount from about
0.05% to about 0.40%. Cobalt is present in an amount from
about 0.1% to about 1%. Either a portion or all of the
cobalt may be substituted with an equal weight percent of
iron or another transition element. Titanium is present in
an amount of from about 0.05% to about 0.7%. The balance of
the alloy is copper.

Chromium - Chromium is present in the alloy in an
amount from that effective to increase the strength of the
alloy through precipitation hardening (aging) up to about

1.0%. Preferably, the maximum chromium content is about
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0.5%. As the maximum solid solubility limit of chromium in
the copper alloy is approached, a coarse second phase
precipitate develops. The coarse precipitate detrimentally
affects both the surface quality and the etching and plating
characteristics of the copper alloy without increasing the
strength of the alloy.

The cobalt, iron and titanium also present in tpe
alloy combine to form a variety of precipitates including
cobalt-X or iron-X, where X is predominantly titanium but
includes some chromium and zirconiﬁm. As discussed below, a
portion of the Ti lattice points are usually occupied by
zirconium or chromium. If excess iron, cobalt or titanium
remains unreacted and in solid solution in the copper
matrix, electrical conductivity is decreased. The chromium
ties up additional titanium to reduce this decrease in
electrical conductivity. A preferred chromium content is
from about 0.1% to about 0.4% and a most preferred chromium
content is from about 0.25% to about 0.35%.

Zirconium - The zirconium content is from about 0.05%
to about 0.40%. A preferred maximum zirconium content is
about 0.25%. If the zirconium content is too low, the alloy
has poor resistance to stress relaxation. If the zirconium
content is too high, coarse particles form which'
detrimentally affect both the surface quality and the
etching characteristics of the alloy without providing any
increase in strength. A preferred zirconium content is from

about 0.1% to about 0.2%.
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Hafnium is a suitable substitute for a portion or all
of the zirconium in the same weight percentages. The extra
cost associated with hafnium makes its use less desirable.

Transition Element ("M") - A transition element ("M")
selected from the group consisting of cobalt, iron and
mixtures thereof, is present in an amount of from about 0.1%
to about 1%. While the cobalt and iron are generally
interchangeable, iron provides a slight increase in strength
(about a 4-5 ksi_improvement) with a slight reduction in
electrical conductivity (about a 5-6% IACS decrease). If
the cobalt and/or iron content is too high, a coarse second
phase particle forms during casting. The coarse precipitate
detrimentally affects both the surface quality and the
etching characteristics of the alloy. If there is
insufficient titanium or chromium such that "M" remains in
soiid solution in the copper matrix, the electrical
conductivity of the alloy is decreased. If the cobalt
and/or iron content is too low, the alloy does not undergo
precipitation hardening through aging and there is no

corresponding increase in the strength of the alloy. A

preferred amount of cobalt and/or iron is from about 0.25%

to about 0.6%. The most preferred amount is from about 0.3%
to about 0.5%.

Applicants believe that some or ail of the cobalt
and/or iron may be replaced with nickel. However, while the
utility of nickel is suggested by the effect of nickel on

the electrical conductivity of copper, nickel is less
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As shown in Table 1, nickel, when in solid

solution in pure copper, has a lesser effect on the

electrical conductivity of copper than either cobalt or

iron.

The conductivity drop from 102.6% IACS represents the

drop in conductivity from the highest value presently

achieved in high purity copper.

Surprisingly, when the transition metal is precipitated

from the solid solution, nickel has a more detrimental

effect on electrical conductivity than either cobalt or

iron, as shown in Table 2.

The alloys of Table 2 were

processed by the steps of solutionization anneal, cold roll,

age for 2 hours at 500°C prior to measuring nominal

conductivity.

The alloys were over-aged by heating to 500°C

for 48 hours prior to measuring the maximum conductivity.

Elemental Addition
(Atomic percent)

0.64 cobalt
0.64 iron

0.64 nickel
0.64 manganese

Alloy composition
(Weight percent)

0.29Cr/0.192r/0.19Ti/0.
0.29Cr/0.20%Zr/0.23Ti/0.
0.31Cr/0.182r/0.24Ti/0.

Table 1

Electrical
Conductivity
%$IACS

28.8
22.3
71.8
48.3

Table 2

53Co/balance Cu
43Fe/balance Cu
60Ni/balance Cu

Conductivity
Drop from
102.6%IACS

-73.8
-80.3
-30.8
=-54.3

Nominal Maximum
Conductivity %IACS

75.2 85
72.0 78
60.4 72
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Figure 1 is a photomicrograph at a magnification of
1000X of the nickel containing alloy of Table 2 and Figure 2
is a photomicrograph at a magnification of 1000X of the
cobalt containing alloy of Table 2. The nickel containing
alloy is populated with coarse second phase precipitates.
The cobalt containing alloy is essentially free of coarse
second phase precipitates, containing rather, a uniform
dispersion of fine particles 4. The coarse precipitate 2 is
a potential crack initiation site during rolling or other
working and should be avoided. Accordingly, the preferred
alloys of the invention contain less than about 0.25% nickel
and preferably, less than about 0.15% nickel, and most
preferably less than 0.10%.

Other transition elements, such as niobium, vanadium
and manganese may be used. A less reactive transition
metal, such as manganese, is less preferred. Residual
manganese and titanium in solid solution reduce electrical
conductivity to unacceptable levels. Niobium and vanadium
do not react with titanium but provide elemental dispersoids
which increase strength.

Titanium - Titanium is present in an amount of from
about 0.05% to about 0.7%. The preferred maximum titanium
content is about 0.5%. Titanium combines with "M" to form a
second phase precipitate having a hexagonal crystallographic
structure. The second phase is predominantly of the form
CoTi or FeTi. A portion of the Ti lattice points are

occupied by zirconium or chromium atoms. The preferred
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ratio of cobalt and/or iron to titanium is (in weight
percent) from about 1.2:1 to about 7.0:1. A more preferred
ratio is from about 1.4:1 to about 5.0:1 and a most
preferred range is from about 1.5:1 to about 3:1. As the
content of the cobalt, iron and titanium vary from the
preferred ratios, the excess remains in solid solutionAin
the copper matrix, reducing the electrical conductivity of
the alloy. This effect is graphically illustrated in Figure
3 which compares\the Co/Ti ratio to electrical conductivity.
The electrical conductivity decreases dramatically at a
ratio of about 1.2:1 and the ratio should be maintained
above that value.

Additions

The alloys of the invention may have properties
tailored for specific applications by the additions of small
ambunts of other elements. The additions are made in an
amount effective to achieve the desired property enhancement
without significantly reducing desirable properties such as
electrical conductivity or bend formability. The total
content of these other elements is less than about 5% and
preferably less than about 1%.

Magnesium may be added to improve solderability and
solder adhesion. A preferred magnesium content is from
about 0.05% to about 0.2%. Magnesium could also improve the
stress relaxation characteristics of the alloy.

Machinability, without a significant decrease in

electrical conductivity, can be enhanced by additions of
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sulfur, selenium, tellurium, lead or bismuth. These
machinability enhancing additions form a separate phase
within the alloy and do not reduce electrical conductivity.
A preferred content is from about 0.05% to about 0.5%.

Deoxidizers can be added in preferred amounts of from
about 0.001% to about 0.1%. Suitable deoxidizers include
boron, lithium, beryllium, calcium, and rare earth me@als
either individually or as misch metal. Boron, which forms
borides, is beneficial as it also increases the alloy
strength.

Additions which increase strength, with a reduction in
electrical conductivity, include aluminum and tin may be
added in amount of up to 1%.

For a lower cost alloy, up to 20% of the copper may be
replaced with zinc. The zinc diluent reduces cost and
provides the alloy with a yellow color. A preferred zinc
content is from about 5% to about 15%.

The alloys of the invention are formed by any suitable
process. Two preferred methods are illustfated in Figures
4-6. Figure 4 illustrates in block diagram the process
steps generic to both preferred methods. Figure 5
illustrates subsequent processing steps to produce an alloy
having both high strength and high electrical conductivity.
Figure 6 illustrates in block diagram alternative processing
steps to produce an alloy having even higher strength, with

a minimal sacrifice in electrical conductivity.
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With reference to Figure 4, the alloys are cast 10 by
any suitable process. In one exemplary process, cathode
copper is melted in a silica crucible under a protective
charcoal cover. The desired amount of cobalt and/or iron is
then added. Titanium is added next to the melt, followed by
chromium and zirconium. The melt is then poured into a
steel mold and cast into an ingot.

The ingots are then heated prior to rolling 12 to a
temperature generally between about 850°C and 1050°C for
from about 30 minutes to about 24 hours which also at least
partially homogenizes the alloy. Preferably, heating is to
about 900°C-950°C for about 2-3 hours.

Alternatively, the ingot is cast directly into a thin
slab, known in the art as "strip casting". The slab has a
thickness of from about 2.5 mm to about 25 mm (0.1-1 inch).
The cast strip is then either cold rolled or treated by a
post casting recrystallization/homogenization anneal and
then cold rolled.

Following homogenization 12, the ingot is hot rolled 14
to a reduction in excess of about 50% and preferably to a
reduction on the order of from about 75% to about 95%.
Throughout this application, reductions by rolling are given
as reductions in cross sectional area unless otherwise
specified. The hot roll reduction 14 may be in a single
pass or require multiple passes. Immediately following the
last hot roll reduction 14, the ingot is rapidly cooled to

below the aging temperature, typically by gquenching 16 in
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water to room temperature to retain the alloying elements in
solid solution. Each of the quench steps specified in
Applicants' processes are preferred, but optional, each
quench step may be replaced with any other means of rapid
cooling known in the art. |

Following quenching 16, two different sequences of
processing steps result in alloys with slightly different
properties. A first process (designated “"Process 1") is
illustrated in Figure 5. The alloy achieves high strength
and high electrical conductivity. A second process
(designated "Process 2") achieves higher strength with a
minimal sacrifice of electrical conductivity.

Figure 5 illustrates Process 1. The alloy is cold
rolled 18 to reduction in excess of about 25% and preferably
to a reduction of from about 60% to about 90%. The cold
roll 18 may be a single pass or multiple passes with or
without intermediate recrystallization anneals. Following
the cold roll 18, the alloy is solutionized 20 by heating to
a temperature from about 750°C to about 1050°C for from
about 30 seconds to about 2 hours. Preferably, the
solutionization 20 is at a temperature of from about 900°C
to about 925°C for from about 30 seconds to 2 minutes.

The alloy is next quenched 22 and then cold rolled 24
to final gauge. The cold roll 24 is a reduction in excess
of about 25% and preferably in the range of from about 60%

to about 90%. The cold roll 24 may be a single pass or in
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multiple passes with or without intermediate
recrystallization anneals.

After the alloy is reduced to final gauge by cold roll
24, the alloy strength is increased by a precipitation aging
26. The alloy is aged by heating to a temperature of from
about 350°C to about 600°C for from about 15 minutes to
about 16 hours. Preferably, the alloy is heated to a
temperature of from about 425°C to about 525°C for from
about 1 to about 8 hours. Process 1 is utilized when the
optimum combination of strength, electrical conductivity,
and formability is required.

If higher strength is required, at a slight reduction
in electrical conductivity, Process 2 as illustrated in
Figure 6 is utilized. Following the quench 16 (Figure 4),
the alloy is cold rolled 28 to solutionizing gauge. The
cold roll reduction is in excess of about 25% and preferably
in the range of from about 60 to about 90%. The cold roll
step 28 may be a single pass or multiple passes with or
without intermediate recrystallization anneals.

Following cold rolling 28, the alloy is solutionized 30
by heating to a temperature of from about 750°C to about
1050°C for from about 15 seconds to about 2 hours. More
preferably, the solutionizing temperature is from about
900°C to about 925°C for from about 30 seconds to about 2
minutes. Following solutionizing 30, the alloy is rapidly
cooled such as by quenching 32, typically in water, to below

the aging temperature.
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The alloy is then cold rolled 34 to a reduction of from
about 25% to about 50%. The reduction may be a single pass
or multiple passes with intermediate solutionizing
recrystallization anneals. Following the cold roll 34, the
alloy is age hardened 36 at temperatures sufficiently low to
avoid recrystallization. The aging 36 is preferably at a
temperature of from about 350°C to about 600°C for a time of
from about 15 minutes to about 8 hours. More preferably,
the non-recrystallizing precipitation hardening treatment 36
is at a temperatﬁre of from about 450°C to about 500°C for
from about 2 to about 3 hours.

Following the non-recrystallizing aging 36, the alloy
is cold rolled 38 to a reduction of from about 30% to about
60%. Following the cold roll step 38, the alloy is
optionally given a second non-recrystallizing precipitation
hardening anneal 40 at a temperature in the range of from
about 350°C to about 600°C for from about 30 minutes to
about 5 hours. Preferably, this optional second
non-recrystallizing precipitation hardening anneal 40 is at
a temperature of from about 450°C to about 500°C for from
about 2 to 4 hours. The precise time and temperature for
the second optional non-recrystallizing precipitation
hardening step 40 is selected to maximize the electrical
conductivity of the alloy.

The alloy is then cold rolled 42 by from about 35% to
about 65% reduction to final gauge in single or multiple

passes, with or without intermediate sub-recrystallization
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anneals. Following the cold roll 42, the alloy is given a
stabilization relief anneal 44 at a temperature of from
about 300°C to abcut 600°C for from about 10 seconds to
about 10 minutes for a strand anneal. For a bell anneal,
the stabilization relief anneal 44 is at a temperature of up
to about 400°C for from about 15 minutes to about 8 hodrs.
More preferred is a bell anneal at about 250°C to about
400°C for from about 1 to about 2 hours. Following the
stabilization anneal 44, the alloy is quenched 46 if strand
annealed. A quench is generally not utilized following a
bell anneal. Process 2 produces an alloy having maximum
strength with a minimal sacrifice in electrical
conductivity.

In another process embodiment, an homogenization anneal
(reference numeral 48 in Fig. 4) is included with either
Process 1 or Process 2. The homogenization anneal 48 is
inserted between the hot roll step 14 and the solutionizing
step (20 in Fig. 5 or 30 in Fig. 6), before or after the
cold roll step (18 in Fig. 5 or 28 in Fig. 6). The
homogenization anneal 48 is at a temperature of from about
350°C to about 750°C for from about 15 minutes to about 8
hours. Preferably, the homogenization anneal 48 is at a
temperature of from about 550°C to about 650°C for from
about 6 to about 8 hours.

Generally, the alloys made by Process 1 are utilized
where high strength, high electrical conductivity and

formability are required such as in connector and leadframe
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applications. Process 2 is utilized in applications where
higher strength and excellent stress relaxation resistance
are required and some minimal loss in electrical
conductivity is tolerated, for example, electrical
connectors subject to elevated temperature such as for
automotive applications as well as leadframes requiring high
strength leads.

The advantages of the alloys of the invention will be
apparent from the Examples which follow. The Examples are
intended to be exemplary and not to limit the scope of the
invention.

EXAMPLES

The electrical and mechanical properties of the alloys
of the invention were compared with copper alloys
conventionally used in leadframe and connector applications.
Table 3 lists the alloy compositions. The alloys preceded
by an asterisk, H, I and P are alloys of the invention while

other alloys are either conventional
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alloys or, as to alloys G, K and L, variations of preferred
compositions to illustrate either the contribution of
chromium or the ratio of "M" to titanium.

Alloys A through M and P were produced by the method
described above. A 5.2 kg (10 pound) ingot of each alloy
was made by melting cathode copper in a silica crucible
under a protective charcoal cover, charging the required
cobalt and/or iron additions, then adding the chromium and
titanium additiqn followed by zirconium and magnesium as
required for the particular alloy. Each melt was then
poured into a steel mold which upon solidification produced
an ingot having a thickness of 4.45 cm (1.75 inches) and a
length and width both 10.16 cm (4 inches). Alloys N and O
are commercial alloys acquired as strip having an HO08
(spring) temper. Alloy Q is alloy C15100 acquired as
commercially produced strip in a HR04 (hard relief anneal)
temper.

Table 4 shows the electrical and mechanical properties of
alloys A through M and R processed by Process 1. Alloys H,
I and J have a higher strength than base line copper
zirconium alloys (alloy C) as well as base line copper
chromium zirconium alloys (alloy B). Surprisingly, alloys
H, I and J which have about 0.30 weight percent chromium
have a yield strength and ultimate tensile strength about
equal to alloy A which has a chromium content almost three

times as high.
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The effect of chromium on enhancing conductivity is
illustrated by comparing alloy G and alloy I. The only
significant difference in composition between the alloys is
the presence in alloy I of 0.29% chromium. The electrical
conductivity of alloy I, 72.0% IACS, is significantly higher
than the conductivity of alloy G 65.1% IACS.

The criticality of the weight ratio of 2:1 for theA
(cobalt and/or iron):titanium is demonsﬁrated by comparing
alloys H and I which have the ratio of 2:1 to alloys K and L
which have a ratio of about 1:1. While the strengths of
alloys H and I and alloys K and L are approximately-equal,

the electrical conductivity of alloys K and L are about 20%

IACS lower.
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Alloys D and R illustrates that for certain
applications, the titanium may be eliminated. The
copper-chromium-zirconium-cobalt alloys have strengths equal
to alloys containing significantly higher chromium with
better formability, etching and plating characteristics.

The electrical conductivity is higher than that of titanium

containing alloys but at a loss of strength. It is believed
that the chromium, zirconium and cobalt ranges would be the

same as that of the other alloys of the invention.

Table 5 illustrates the properties of alloys A through
E, G through J and R when processed by Process 2. The one
exception is alloy C which was processed with a single in
process aging anneal. Alloy C was cold rolled to 2.54 mm
(0.10 inch) gauge from milled hot rolled plate (16 of Figure
1) solutionized at 900°C for 30 seconds and then water
quenched. The alloy was then cold rolled to a 50%
reduction, aged at 450°C for 7 hours and then cold rolled
with a 50% reduction to a final gauge of 0.64 mm (0.025
inch). Alloy C was then relief annealed at 350°C for 5
minutes.

The alloys of the invention, H, I and J, all have higher
strength than the conventional alloys, including commercial
alloy €181 (alloy A) which has a chromium content almost
three times that of the alloys of the invention. 1In
addition, the significant increase in strength, an increase
of 5.6-8.4 kg/mm2 (8-12 ksi) for the yield strength, is

accompanying by almost no drop in electrical conductivity.
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Process 2 results in alloys of the invention with an
about 21 kg/mm? (30 ksi) yield strength improvement over
binary copper zirconium alloys such as alloy C. The benefit
of the chromium addition is apparent by comparing the

5 electrical conductivity of alloy G (0% Cr) with that for
alloy I (0.29% Cr). Alloy G has a conductivity of 59.3%

IACS alloy I has a conductivity of 75.5% IACS.
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Table 6 shows the stress relaxation of the alloys of the
invention is better than that of either binary copper-
zirconium alloys (alloys C and Q) or ternary copper-
zirconium-chromium alloys (alloy A). In the second column

of Table 6, "process type":

e Aged = processing according to Process 1.

e 2-IPA = processing according to Process 2, with 2 In
Process Anneals.

e 1-IPA = pfocessing according to Process 2 with the
second precipitation hardening anneal (40 in Figure 3)

deleted, 1 In Process Anneal.

One application for which the alloys of the invention
are particularly suited is a leadframe for an electronic
package as shown in Table 7. Alloys N and O represent
alloys conventionally used in electronic packaging
applications. Alloy N is copper alloy C197 and alloy O is
C18070, a commercially available leadframe alloy. The alloy
of the invention, alloy P, has a conductivity equivalent to
those of the dbnventional leadframe alloys. The alloy P
yield strength is considerably higher than that of alloys N
and 0. The minimum bend radius is less for alloy P and the
resistance to stress relaxation is significantly improved.

While the alloys of the invention have particular
utility for electrical and electronic applications such as

electrical connectors and leadframes, the alloys may be used
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for any application in which high strength and/or good
electrical conductivity is required. Such applications
include conductive rods, wires and buss bars. Other
applications include those requiring high electrical
conductivity and resistance to stress relaxation such as
welding electrodes.

It is apparent that there has been provided in
accordance with this invention a copper alloy characterized
by high strength and high electrical conductivity which is
particularly suifed for electric and electronic applications
which fully satisfies the objects, means and advantages set
forth hereinbefore. While the invention has been described
in combination with specific embodiments and examples
thereof, it is evident that may alternatives, modifications
and variations will be apparent to those skilled in the art
in light of the foregoing description. Accordingly, it
intended to embrace all such alternatives, modifications and
variations as fall within the spirit and broad scope of the

appended claims.
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IN THE CLAIMS

1. A copper alloy, characterized by a composition
consisting essentially of:

an effective amount to increase strength up to about 1.0

5 weight percent chromium;

from about 0.05 to about 0.40 weight percent zirconium,
hafnium or a mixture thereof;

from about 0.1 to about 1.0 weight percent of "M" where
uM" is selected from the group consisting of cobalt, iron,

10 nickel and mixtures thereof; and

from about 0.05 to about 0.7 weight percent titanium

where the atomic ratio of "M" to titanium, M:Ti, is from

about 1.2:1 to about 7.0:1.

2. The copper alloy of claim 1, characterized in that
15 said alloy consists essentially of:
an effective amount to increase strength up to about 0.5
weight percent chromium;
from about 0.05 to about 0.25 weight percent zirconium;
from about 0.1 to about 1.0 weight percent of "M" where
20 wMt is selected from the group consisting of cobalt, iron,
nickel and mixtures thereof; and
from about 0.05 to about 0.5 weight percent titanium
where the atomic ratio of "M" to titanium, M:Ti, is from

about 1.5:1 to about 3.0:1.
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3. A copper alloy, characterized by a composition

consisting essentially of:

an effective amount to increase strength up to about 1.0

weight percent chromium;
from about 0.05 to about 0.40 weight percent zirconium,

5
hafnium or a mixture thereof;
from about 0.1 to about 1.0 weight percent of "M" where
nM" is selected from the group consisting of cobalt, iron,
nickel, and mixtures thereof, with a total nickel content of
10 less than about 0.15 weight percent; and

from about 0.05 to about 0.7 weight percent titanium.

4.

The copper alloy of either claim 1 or 3
characterized in that "M" is selected from the group

consisting of cobalt, iron and mixtures thereof.

5. A copper alloy, characterized by a composition

consisting essentially of:
an effective amount to increase strength to about 1.0

weight percent chromium;
from about 0.05 to about 0.40 weight percent zirconium,

hafnium or a mixture thereof; and

from about 0.1 to about 1.0 weight percent of "M" where
nM" is selected from the group consisting of cobalt, iron,
content

nickel, and mixtures thereof, where the total nickel

10 is less than 0.15 weight percent.
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6. The copper alloy of any one of claims 1, 3 or 5
wherein said alloy further contains up to 5 weight percent
of one or more additions selected from the group niobium,
vanadium, manganese, magnesium, sulfur, selenium, telluriun,

5 lead, bismuth, lithium, beryllium, calcium, boron, aluminum,
tin and rare earth metals either individually or as misch

metal.

7. The copper alloy of claim 6 characterized in that
said addition is from about 0.05 to about 0.2 weight percent

magnesium.

8. The alloy of any 1 of claims 1, 3 or 5 further

containing up to 20% by weight zinc.

9. A leadframe manufactured from the alloys of any one

of claims 1, 3 or 5.

10. An electrical connector manufactured from the

alloys of any one of claims 1, 3 or 5.

11. A wire manufactured from any one of the alloys of

claims 1, 3 or 5.

12. A method for the manufacture of a copper alloy,

characterized by the steps of:
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a) casting (10) a copper alloy consisting essentially
of chromium in an effective amount to increase hardness to
about 1.0 weight percent, from about 0.05 to about 0.40
weight percent zirconium, from about 0.1 to about 1.0 weight
percent of "M" where "M" is selected from the group
consisting of iron, cobalt nickel and mixtures thereof, and
from about 0.05 to about 0.7 weight percent titanium;

b) heating (12) said copper alloy for at least partial
homogenization;

c) hot rolling (14) said copper alloy to an area
reduction in excess of about 50%;

d) cold rolling (18) said copper alloy to an area
reduction in excess of about 25%

e) solutionizing (20) said copper alloy;

f) cold rolling (24) said copper alloy to final gauge;
and

g) precipitation (26) aging said copper alloy.

13. The method of claim 12 characterized in that said
copper alloy is quenched (16, 22) after at least one of

steps c (14) and e (20).

14. The method of claim 12 characterized in that steps
d (18) and f (24) are repeated with intermediate
resolutionizing recrystallization anneals (20) following

each repetition.
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15. A method for the manufacture of a copper alloy,
characterized by the steps of:

a) casting (10) a copper alloy containing chromium and
zirconium;

b) heating (12) said copper alloy for at 1east.partial
homogenization;

c) hot rolling (14) said copper alloy to an area
reduction in excess of about 50%;

d) cold rolling (28) said copper alloy to an area
reduction in excess of about 25%;

e) solutionizing (30) said copper alloy;

f) cold rolling (34) said copper alloy to an area
reduction of from about 25% to about 50%;

g) age hardening (36) said copper alloy at a
temperature sufficiently low to essentially avoid
recrystallization;

h) cold rolling (42) said copper alloy to final gauge;
and

i) stabilizing (44) said copper alloy by annealing.

16. The method of claim 15 characterized in that steps

f (34) and g (36) are repeated at least one time.

17. The method of claim 14 characterized in that said
copper alloy is quenched (16, 32, 46) following at least one

of steps c, e and 1i.
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18. The method of either claim 12 or 15 characterized
in that a homogenization anneal at from about 350°C to about

650°C for from about 15 minutes to about 8 hours.

19. The method of claim 27 characterized in that said
stabilization relief anneal step i is a strand anneal at a
temperature of from about 300°C to about 600°C for from

about 10 seconds to about 10 minutes.

20. The method of claim 19 characterized in that said
stabilization relief anneal step i (44) is a bell anneal at
a temperature of from about 250°C to about 400°C for from

about 1 to about 2 hours.

21. The method of either claim 12 or 15 characterized
in that step a (10) is by strip casting and step c (14) is

onitted.

22. The method of claim 21 characterized in that step b

(12) is also omitted.
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original claim 5 amended; other claims unchanged (1 page)]

3. A copper alloy, characterized by a composition
consisting essentially of:

an effective amount to increase strength up to about 1.0
weight percent chromium;

from about 0.05 to about 0.40 weight percent zirconium,
hafnium or a mixture thereof;

from about 0.1 to about 1.0 weight percent'of "M" where
nMn is selected from the group consisting of cobalt, iron,
nickel, and mixtures thereof, with a total nickel content of
less than about 0.15 weight percent; and

from about 0.05 to about 0.7 weight percent titanium.

4. The copper alloy of either claim 1 or 3
characterized in that "M" is selected from the group

consisting of cobalt, iron and mixtures thereof.

5. A copper alloy, characterized by a composition

consisting essentially of:

from about 0.1 to about 0.4 weight percent chromium;

from about 0.05 to about 0.40 weight percent zirconiun,
hafnium or a mixture thereof; and

from about 0.1 to about 1.0 weight percent of "M" where
Mt is selected from the group consisting of cobalt, iron,
nickel, and mixtures thereof, where the total nickel content

is less than 0.15 weight percent.

AMENDED SHEET (ARTICLE 19)
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