
EP 0 203 389 B1 Description This invention relates to copper base alloys
having particular application in the electronics industry as leadframe or
connector materials. The electronics industry is increasingly demanding
higher strength 5  leadframe alloys with good formability and electrical
and thermal conductivities. Likewise, connector applications would benefit
from such alloys, if they can be provided with good stress relaxation
resistance. The alloys of the present invention provide, on the one hand a
combination of high strength and moderate to high conductivity properties,
which are improved as compared to commercially available alloys. A
comparison of various copper alloys finding application in the electronics
industry are set forth in a 10  brochure entitled "High Strength, High
Conductivity Copper Alloys For IC Lead Frame", published by Sumitomo Metal
Mining Copper & Brass Sales Co., Ltd. It will be apparent from the
following description that the alloys of the present invention provide a
significant improved combination of strength and conductivity, as compared
to many commercially available alloys. It is highly desirable to provide a
copper alloy in the aforenoted applications having a tensile strength of 15
about 100 ksi or higher while maintaining an electrical conductivity of
about 40% IACS or higher for a   | leadframe material. From the materials
set forth in the brochure, only 42 Alloy achieves such a strength target,
however, the conductivity of the alloy is extremely low. Of the moderate
conductivity alloys, Alloy C1 9500 most closely approaches the desired
properties, however, it fails to meet the strength target. Certain
beryllium-copper alloys, such as Alloy C17400 provide good conductivity and
strength at a 20  sacrifice in bend properties and at a cost penalty. For
connector applications in addition to strength and conductivity, stress
relaxation resistance is an important property. The alloys in accordance
with the present invention provide improved combinations of bend
properties, conductivity and stress relaxation resistance as compared to a
typical commercial alloy, such as Alloy C51000, which is a phosphor-bronze.
25     The alloys of the present invention are precipitation hardenable
nickel-silicon-bronzes to which magne- sium is added to provide the
uniquely improved combination of properties. Numerous alloys and/or
processes have been described in patents and the literature utilizing the
precipitation hardening characteris- tics provided by the addition of
nickel and silicon as, for example, those set forth in U.S. Patent Nos.
1,658,186 to Corson, 1,778,668 to Fuller and 2,185,958 to Strang et al.
Various additions of other elements 30 to nickel-silicon-bronzes are
described in U.S. Patent Nos. 2,137,282 to Hensel et al., 3,072,508 to
Klement et al., 4,191,601 to Edens et al., 4,260,435 to Edens et al.,
4,466,939 to Kim et al. and in Japanese Laid- Open Patent Application No.
213,847183 to Miyafuji et al. Penn Precision Products, Inc. manufactures a
nickel-silicon-bronze under the trademark DICKALLOY. As set forth in their
product brochure, that alloy comprises copper-nickel-silicon with additions
of aluminum and chromium. 35     The patentee also is the owner of patents
relating to copper base alloys with magnesium additions which improve
stress relaxation resistance. Those patents comprise U.S. Patent Nos.
4,233,068 and 4,233,069 to Smith et al. which relate to brass alloys and
U.S. Patent No. 4,434,016 to Saleh et al. which relates to
copper-nickel-aluminum alloys. U.S. Patent Application Serial No. 645,957
to Knorr et al. discloses copper base alloys for leadframe or connector
applications which include iron, magnesium, phosphorus and 40 optionally
tin. Nickel-silicon-bronzes with additions of magnesium are disclosed in
U.S Patent Nos. 2,851,353 to Roach et al. and 4,366,117 to Tsuji. The
alloys contemplated by these patents fall outside the ranges of the present
alloys in one or more respects. U.S. Patent No. 2,157,934 to Hensel and
Larsen describes a copper base alloy which is age hardenable 



45 and comprises magnesium 0.1 to 3%, a material from the group nickel,
cobalt or iron 0.1 to 5%, silicon 0.1 to 3% and the balance copper. The
alloy is processed by heating it to a temperature above 700 * C followed by
quenching and then aging below 700, C. If desired, the material can be cold
worked between quenching and aging to increase its hardness. The effects of
small alloying additions of aluminum, magnesium, manganese and chromium on
the 50 aging behavior of a Cu-Ni-Si alloy containing 1.8% nickel and 0.8%
silicon balance copper have been described in the publication "Effects Of
Small Alloying Additions On the Ageing Behaviour Of A Copper-
Nickel-Silicon Alloy" by Tewari et al. appearing in Transactions of The
Indian Institute of Metals, December, 1964, Pages 211 through 216. The
magnesium contents investigated varied from .2% to 1%. Copper-nickel-
silicon-magnesium alloys, in particular, comprising 1.8% nickel, .8%
silicon, with .3% magnesium or 55 chromium are described in the publication
"Studies on Age Hardening Cu-Ni-Si-Mg and Cu-Ni-Si-Cr Alloys" by Bhargava
et al. appearing in Z. Metallkde., Bd. 63 (1972) H.3, Pages 155 through
157. This publication describes the age hardening behavior of such an
alloy. It should be noted that the nickel content of the alloys
investigated in these publications is outside the range of the present
invention. 2    'EP 0 203 389 81 Subject-matter of the invention is a
copper base alloy having an improved combination of ultimate tensile
strength and electrical conductiv- ity and being insensitive to hot working
temperature with respect to cracking, said alloy consisting of: (a) from 2
to 4.8% by weight nickel, 5    (b) part of the nickel content being
optionally substituted by chromium, cobalt, iron, titanium, zirconium,
hafnium, niobium, tantalum, mischmetal or mixtures thereof, in an amount of
1% by weight of the alloy or less, but effective for forming a silicide;
(c) from 0.2 to 1.4% by weight silicon; (d) optionally lithium, calcium,
manganese, mischmetal or mixtures thereof, in an amount of 0.25% by 10
weight of the alloy or less, but effective for deoxidizing or
desulfurizing; (e) from 0.05 to 0.45% by weight magnesium; (f) balance
copper apart from impurities. Preferred embodiments of the claimed alloy
are disclosed in the dependent claims 2 to 5. A leadframe and an elictrical
connector on the basis of the claimed alloys are defined in claims 6 and 7.
A process for 15  manufacturing the claimed alloy are defined in the
independent claim 8 and its dependent claims 9 to 15. The document GB-A-522
482 teaches a copper alloy consisting of 0.1 - 5%, preferably 2.25 %
nickel, 0.1 - 3%, preferably 0.5 % silicon, 0.1 - 3%, preferably 0.5 %
magnesium, balance copper. Such known alloy exhibits a good combination of
conductivity and hardness. In accordance with the present invention, copper
base alloys are provided having, on the one hand, 20  moderate to high
conductivity with exceptionally good strength properties. The alloys can be
processed in various manners to provide the best combinations of strength,
bend formability and conductivity for the respective application. For
leadframe applications, the alloys are generally processed to provide the
best combinations of strength and conductivity as well as for good bend
properties; whereas, for connector applications strength and resistance to
stress relaxation are of paramount importance. For some connector 25
applications, reduced strength with improved conductivity and bend
performance are required. 



It has surprisingly been found that, on the other hand, the hot workability
of the alloy can be improved by critically controlling the magnesium
content within limits of this invention. If high magnesium contents are
employed, the alloys develop a susceptibility to cracking, which is
dependent on the hot working temperature. However, by maintaining the
magnesium within the limits of this invention, this susceptibility to 30
cracking is avoided irrespective of hot working temperature. Preferably,
the alloy of the invention contains from 2.4 to 4.0% by weight nickel, from
0.3 to 1.1% by weight silicon and from 0.05 to 0.3% by weight magnesium.
Most preferably, the magnesium is from 0.1 to 0.2% by weight. For leadframe
applications, the alloys are preferably in the overaged condition. For
connector applications, the alloys are preferably in the stabilized
condition. 35     Various other elements may be present at impurity level
in minor amounts, which do not adversely affect the properties of the
alloys. The processing of the alloys in part determines their combination
of strength, conductivity, bend formability and stress relaxation
properties and their suitability for application as a lead frame or
connector material. 40     Generally, the alloys are cast using direct
chill casting. Thereafter, the alloys are preferably hot rolled at a
temperature from 750 to 950 C  and, preferably, from 850 to 900* C. If
desired, the alloys after the aforenoted processing, may be optionally
homogenization annealed at a temperature of from 550 to 700* C. If an
homogenization anneal is employed in the process, the alloy should be
resolutionized by annealing at a temperature in excess of 750 C followed by
quenching prior to 45  any aging treatments. The homogenization anneal can
be carried out after hot working or after an initial cold working, as
desired. In a first process alternative, the alloy is then subjected to one
or more sequences of cold rolling and aging. Cold rolling in the first such
sequence should comprise at least 30% reduction in thickness and,
preferably, at least 50%. For connector applications requiring the highest
strength properties at some 50  sacrifice in bend formability, the alloys
are then aged at a temperature from 350 to 500 C and, preferably, from 425
to 480 * C. If a second sequence of cold rolling and aging is required, the
cold rolling should comprise at least 10% reduction in thickness and,
preferably, at least 30% reduction in thickness and this should be followed
by an aging treatment at a temperature lower than the aging in the first
treatment generally ranging from 350 to 490 C. The alloy is then finally
cold reduced from 10 to 90% reduction in 65  thickness and, preferably,
from 30 to 60%. Thereafter, for connector applications, the alloy is
optionally stabilized by annealing at a temperature of from 200 to 345 C
and, preferably, from 225 to 330 C. In a second process alternative, for
leadframe applications, the processing following hot working or
'homogenization annealing comprises cold working the alloy at least 30%-
and, preferably, at least 50% 3    EP 0 203 389 B1 reduction in thickness
followed by annealing at a temperature of from 750 to 900 C and,
preferably, from 800 to 8500C and quenched followed by cold working at
least 10% and, preferably, at least 30% followed by overaging at a
temperature from 500 to 700 C and, preferably, from 510 to 575 C followed
by Cold rolling from 10 to 90% and, preferably, from 30 to 60% reduction in
thickness. Although this process is 5  designed for leadframe applications,
should the alloy be desired for use in connector applications it may be
optionally stabilized, as in the previous first process alternative. 



Finally, in a third process alternative, the alloy may be treated by a
process which adapts it for use alternatively as a leadframe or connector
material having relatively high strength, moderate conductivity and
somewhat poorer bend properties than the second process alternative but
substantially better bend 10  properties than the first process
alternative. This process is the same as the second process alternative
with the substitution of a non-overaging anneal for the overaging anneal.
In accordance with this process the anneal prior to final reduction is
carried out at a temperature of from 350 to less than 500C and, preferably,
from 425 to 480 * C. The final cold reduction would be the same as in the
previous processes and for connector applications an optional stabilization
anneal, as previously described, is preferred. 15     Accordingly, there
has been provided in accordance with this invention a multipurpose copper
base alloy having a unique combination of strength, conductivity, bend
formability and optionally stress relaxation resistance, which adapts the
alloy for use as a connector or leadframe material. It has been found that
the alloys of this invention having a critical addition of magnesium can be
readily tailored for either of these applications by appropriately
adjusting their processing. 20     It has surprisingly been found that the
alloys of this invention in the overaged condition provide substantial
improvements in bend formability while maintaining relatively high strength
and good conductiv- ity properties. It has also been surprisingly found
that the stress relaxation resistance of the alloy is markedly affected by
the use of a stabilization anneal. 25     Accordingly, it is an advantage
of the present invention to provide a multipurpose copper base alloy for
electronic applications such as leadframes or connectors and the processing
therefor. It is a further advantage of this invention to provide such
alloys having an improved combination of strength, conductivity, bend
formability and optionally stress relaxation resistance. It is a still
further advantage of this invention to provide such alloys which are
readily hot workable and 30 which do not develop a temperature sensitive
cracking susceptibility during hot work. These and other advantages will
become more apparent from the following description and drawings. Figure 1
is a graph showing the relationship between magnesium content and the
temperature sensitive susceptibility of the alloy to cracking during hot
working; and Figure 2 is a graph showing the relationship between aging
temperature and hardness, bend formability 35    and electrical
conductivity of the alloy at different aging times. In accordance with this
invention, a multipurpose copper base alloy is provided which depending on
its processing can be effectively utilized as a leadframe or connector
material by the electronics industry. The alloy is unique in that it
provides an overall combination of properties superior to those available
from alloys now generally commercially available. In the past, to achieve
similar properties would have required the use 40  of expensive
beryllium-copper type alloys. The alloys of this invention provide, on the
ode hand, very high strengths at moderate conductivities. For example, they
are capable of achieving strengths comparable to Alloy 42 with
substantially better conductivity. They are also capable of achieving
conductivities comparable to commercially available, moderate conductivity
alloys with a substantial improvement in tensile strength. 45     By
suitably adjusting the processing, the alloys may be configured for
connector applications. For example, in applications such as flat spring
connectors, the alloys can be processed to provide ultimate tensile
strengths in excess of 89.6 kNlcm2 (130 ksi), while maintaining a
conductivity in excess of 35% IACS. For connector or leadframe applications
requiring high strength and good bend formability, the alloys can be
processed to provide ultimate tensile strengths in excess of 79.2 kN/cm2
(115 ksi) with an electrical 50 conductivity of approximately 40% IACS or
more. Finally, for leadframe and other applications requiring 



even better bend formability, the alloys can be processed in a manner to
provide ultimate tensile strengths in excess of 68.9 kN/cm2 (100 ksi) and
electrical conductivity in excess of 45% IACS. Accordingly, it is apparent
that in accordance with this invention an alloy falling within given ranges
of composition can be uniquely processed to meet a range of mechanical
properties so that it can be tailored 55 to a number of different
applications. The ultimate tensile strength of the alloy can be emphasized
with some degradation of bend and electrical conductivity properties.
Alternatively, the bend properties can be emphasized while providing good
conductivity at some loss of ultimate tensile strength. 4    EP 0 203 389
B1 For connector or other applications. the alloys can be processed to
provide excellent stress relaxation resistance properties. The multipurpose
copper base alloys of this invention comprise alloys within the following
critical ranges of composition. Namely, copper base alloys consisting of
from 2 to 4.8% by weight nickel, from 0.2 I   to 1.4% by weight silicon,
from 0.05 to 0.45% by weight magnesium and the balance copper apart from
impurities. Preferably, the copper base alloy consists of from 2.4 to 4.0%
by weight nickel, from 0.3 to 1.1% by weight silicon, from 0.05 to 0.3% by
weight magnesium and the balance copper apart from impurities. Most
preferably, the magnesium is from 0.1 to 0.2% by weight. 10     Preferably,
the ratio of nickel to silicon in the alloy ranges from 3.5:1 to 4.5:1 and,
most preferably, the ratio of nickel to silicon ranges from 3.8:1 to 4.3:1.
For leadframe applications, the alloys are preferably in an overaged
condition. For connector applica- tions, the alloys are preferably in a
stabilized condition. Silicide forming elements such as chromium, cobalt,
iron, titanium, zirconium, hafnium, niobium, 15  tantalum, mischmetal
(lanthanides) and mixtures thereof may be present in an effective amount
for forming a silicide up to 1% by weight. Where such elements are present,
they should be in substitution for a comparable portion of the nickel
content. Preferably, chromium should be limited to an amount not to exceed
0.1% by weight. The alloys of this invention may also include one or
more.deoxidizing and/or desulfurizing elements 20  selected from lithium,
calcium, manganese, mischmetal and mixtures thereof in an effective amount
for deoxidizing or desulfurizing up to 0.25% by weight. The lower limits
for nickel and silicon in the alloy of this invention are required for
achieving the desired strength of the alloy. If nickel or silicon are
present in excess of the amounts set forth, they become difficult to
solutionize in the alloy. The range of magnesium is critical to the hot
workability of the alloy and to its 25 cold rollability. Referring to
Figure 1, there is shown a graph relating magnesium content of the'alloy to
hot rolling temperature. The zone below and to the left of the dashed line
AB is acceptable for hot rolling purposes. The zone above and to the right
of the line AB is unacceptable due to cracking of the ingots during hot
rolling. It is apparent from a consideration of Figure 1 that there is a
hot rolling temperature sensitivity for 30 the alloys of this invention if
the magnesium content exceeds 0.45% by weight. Within the limits of this
invention, below 0.45% by weight magnesium the alloy is insensitive to hot
working temperature and is readily hot workable over a wide range of hot
working temperatures. 



This susceptibility to cracking at elevated hot working temperatures was
not in any way foreseen by Hensel and Larson in U.S. Patent 2,157,934. The
range of magnesium set forth in the Hensel and Larson 35 patent goes up to
3% by weight. A consideration of Figure 1 clearly illustrates that only a
small portion of this range as in accordance with this invention can be
utilized so as to make the alloy insensitive from a cracking point of view
to hot working temperature and, therefore, make it readily hot workable.
The lower limit of magnesium is important for achieving the desired
mechanical properties of the alloys of this invention, in particular, for
achieving the improved stress relaxation resistance of these alloys. 40
Magnesium is also believed to improve the cleanability of the alloys. The
magnesium content should also be controlled within the limits of the
present invention so as to reduce the occurrence of edge cracking during
cold working. The effect of the magnesium content on edge cracking during
cold rolling of alloys processed in accordance with different processes and
for a range of magnesium contents is set forth in Table 1. 50 55 5    EP 0
203 389 B1 15               (err) (err) 20                 (err) (err) 25
(err) 30                (err) (err) (err) 40 (err) (err) (err) (err) (err)
45                             (err) (err) (err) the crack at a specific
strip thickness with the starting thickness being 14 mm (0.55"). The
results shown following the slash mark are the extent of any cracks at
final gauge as set forth in the processing column. 6    EP 0 203 389  B1
The alloys in accordance with this invention are processed differently
depending on the mechanical 



properties which are desired, which in turn are determined by the ultimate
application for which the alloys will be utilized. Connector alloys
normally require high strength for spring properties and good stress
relaxation resistance while maintaining sufficient electrical conductivity,
thermal conductivity and formability. 5  For those connector applications
requiring excellent formability properties as well. the processing can be
adjusted with a moderate impact on the strength properties. Finally, for
leadframe applications where high bend formability and electrical
conductivity are required, the processing can be further adjusted at some
sacrifice in strength properties. The stress relaxation properties of the
alloy which are important to connector type applications are very much
influenced by the alloy processing and, in particular, it has 10
surprisingly been found that the use of a stabilization anneal very
beneficially affects the stress relaxation properties of these alloys. The
alloys of this invention may be cast in any desired manner by conventional
means as, for example, Direct Chill casting. The casting temperature is
preferably from at least about 1100 to about 1250- C. Where the alloy is
cast as a slab or ingot, which is the preferred approach, it is then
homogenized or 15  soaked at a temperature of from about 850 to about 980 C
for about 1/2 to about 4 hrs. followed by hot working such as by hot
rolling in a plurality of passes to a desired gauge generally less than
about 19 mm (3/4") and, preferably, 13 mm (1/2") or less. The alloys are
preferably rapidly cooled after hot working, as by water quenching.
Preferably, the hot working is adapted to solutionize the alloying
elements. While Direct Chill casting followed by hot working is a preferred
process of this invention, it may be 20 possible to cast the alloy in a
strip form having a thickness of about 25 mm (1") or less. Obviously, if
the alloys are cast in strip form, it is not necessary to hot roll them.
The hot working process particularly when it is followed by water quenching
should be adapted to solutionize the alloying elements and thereby
eliminate the need for a solution anneal. However, if desired and
particularly if the alloy is strip cast, the alloys may be optionally
solutionized annealed at a temperature of from about 750 to about 950 C for
a 25  period of from about 30 seconds to about 8 hours and, preferably,
from about 1 minute to about 4 hours followed by rapid cooling, which is
preferably water quenching.                                          A
After hot working or strip casting, the alloys are preferably milled to
remove oxides and scale before further processing. If desired, the alloys
may be optionally homogenization annealed at a temperature of from 550 to
so  700 *C for a period of from 1 to 8 hours. The homogenization anneal can
be carried out after hot working or after an initial cold working such as
cold rolling up to 80% reduction in thickness and, preferably, from 50 to
70% reduction. If the alloy is homogenization annealed, it is necessary to
thereafter solution anneal the strip. Therefore, as part of the
homogenization annealing treatment, the alloys are preferably solution
annealed at a temperature of from 750 to 950* C for a period of from 30
seconds to 8 hours and, preferably, 35  from 1 minute to 4 hours.
Immediately following annealing the alloys are rapidly cooled preferably by
water quenching. Strip annealing because of the ease of water quenching is
the preferred method for solution annealing. After hot rolling or
homogenization annealing, as the case may be, the alloy is subjected to one
or more sequences of cold reduction and aging. Cold reduction is preferably
carried out by cold rolling. The first  Y 40  sequence of cold rolling
preferably comprises at least a 30% reduction in thickness and,- most
preferably, at least 50%. PROCESS ALTERNATIVE 1 45  PROCESSING FOR HIGH
STRENGTH Following the first sequence of cold reduction, the alloy is aged
at a temperature of from 350 to 500 C and, preferably, from 425 to 480 C.
If further sequences of cold reduction and aging are desired, the cold 



rolling should comprise at least a 10% reduction in thickness and,
preferably, at least 30% and this should so  be followed by an aging anneal
at a temperature lower than the previous aging anneal with the annealing
temperature being in the range of from 350 to 490* C. The aging anneals
should be for a period of from 1/2 to 8 hours at temperature and,
preferably, for a period of from 2 to 4 hours. Following the respective
sequences of cold rolling and aging, the alloy is finally cold reduced by
rolling 55  it to provide a reduction of from 10 to 90% reduction in
thickness and, preferably, from 30 to 60%. The stress relaxation resistance
properties of the alloys of this invention are markedly improved by the use
of an optional stabilization anneal at a temperature of from 200 to 345* C
and, preferably, from 225 to 330 C for a period of from 1/2 to 8 hours and,
preferably from 1 to 2 hours. 7    EP 0 203 389 B1 PROCESS ALTERNATIVE 2
PROCESSING FOR BEST BEND FORMABILITY 5     The alloys after hot working or
homogenization annealing treatment are subjected to a first sequence of
cold working preferably by cold rolling at least 30% and, preferably, at
least a 50% reduction in thickness. The alloys are then resolutionized by
annealing at a temperature of from 750 to 950 C and, preferably, from 800
to 850 C for a period of from 30 seconds to 8 hours and, preferably, from 1
minute to 1 hour followed by rapid cooling preferably by water quenching.
This anneal is preferably carried out as a strip 10  anneal. Optionally,
this first sequence of cold working and annealing may be repeated as a
second sequence in order to reach a desired final gauge. Thereafter, the
alloys are cold worked by rolling at least 10% and, preferably, at least
30% reduction in thickness followed by overaging. The alloys are then
subjected to an averaging treatment preferably 15  comprising annealing the
alloy at a temperature of from 500 to about 700 C and, preferably, from 510
to 575 C for a period of from 1/2 hour to 8 hours and, preferably, for a
period of from 1 hour to 4 hours. Thereafter, the alloys are generally
finally cold reduced by cold rolling from 10 to 90% and, preferably, from
30 to 60% reduction in thickness. While this process alternative is
particularly adapted for providing alloys for leadframe applications, it 20
may be utilized for connector alloys in which case the previously described
optional stabilization treatment is preferably carried out. PROCESS
ALTERNATIVE 3 25 PROCESSING FOR STRENGTH AND BEND PROPERTIES INTERMEDIATE
ALTERNATIVES 1 AND 2 This process provides copper alloys for use
alternatively as leadframe or connector materials having relatively high
strength, moderate conductivity and somewhat poorer bend properties than
Alternative 2. The process is essentially the same as that described by
reference to Alternative 2 except that an aging anneal 30  is substituted
for the overaging anneal. In accordance with this process, the final aging
anneal prior to the final reduction is carried out at a temperature of from
350 to less than 500 * C and, preferably, from 425 to 480 C for a period of
from 1/2 to 8 hours and, preferably, from 1 to 4 hours. The alloy is then
finally cold reduced from 10 to 90% and, preferably, from 30 to 60%. If the
alloy is intended for connector applications, it is preferably
stabilization annealed as in accordance with the aforenoted stabilization
process set forth 



35 under Process Alternative 1. The optional stabilization anneal in
accordance with this invention can be carried out after final reduction or
after forming of the final part, as desired. For manufacturing convenience,
it is most easily carried out after final reduction. However, it is
believed that the best stress relaxation results are obtained if the
stabilization treatment is carried out after final forming since forming
the alloy after it has been stabilization 40 annealed may reduce the stress
relaxation properties to a degree. Referring to Figure 2, a graph is shown
which illustrates the relationship between aging temperature and hardness,
bend formability and electrical conductivity of the alloys of this
invention at different aging times. In Figure 2, solid curve C represents
the hardness of a Cu-4.0%Ni-0.98%Si-0.188%Mg alloy aged for 2 hours at the
respective aging temperatures. Solid curve D shows the electrical
conductivity of those alloys 45 over the range of aging temperatures.
Dashed curve E shows the affect of aging such alloys for 4 hours on
hardness and dashed curve F shows the affect of aging the alloys for 4
hours on electrical conductivity. The respective curves G and H show the
good way and bad way bend properties for the alloys aged 4 hours. The
results, which are depicted in Figure 2, are for the alloys in the aged
condition. It is apparent from a consideration of Figure 2 that an aging
temperature of 450 C provides a peak so  aging response; whereas,
temperatures exceeding 480 C and, preferably, exceeding 500 * C provide an
overaged condition. It is significant and surprising that it is possible to
overage the alloy while maintaining a relatively high strength level. It is
also apparent from a consideration of Figure 2 that the bend properties and
electrical conductivity are markedly improved by averaging as compared to
aging for peak hardening response. 55     A consideration of Figure 2 shows
that Process Alternative 1 will yield a generally peak aged product;
whereas, Process Alternative 2 will yield an overaged product. Process
Alternative 3 lies somewhere between those two. 8    EP 0 203 389 B1 In
Figure 2, the bend properties are set forth as minimum bend radius divided
by the thickness of the strip. The bend formability test measures the
minimum radius to a strip can be bent 90. without cracking. The good way or
longitudinal orientation bend properties are measured with the bend axis
perpendicular to the rolling direction. The bad way or transverse
orientation bend properties are measured with the bend axis 5 parallel to
the rolling direction. The minimum bend radius (MBR) is the smallest die
radius about which the strip can be bent 90  without cracking and "t" is
the thickness of the strip. In Figure 2, the curve G is for good way or
longitudinal orientation bends; whereas, the curve H is for bad way or
transverse orientation bends. While the discussion thus far has been in
terms of electrical conductivity, it should be apparent that the 10
electrical applications for which the alloys of the present invention are
intended also desire good thermal conductivity, which is physically related
to the electrical conductivity of the alloy. The alloy may be optionally
cleaned by conventional pickling solutions as desired such as after
annealing. The present invention will be more readily understandable from a
consideration of the following 15 illustrative examples. EXAMPLE I 



An alloy having a composition: 3.03% nickel, 0.71% silicon, 0.17% magnesium
and the balance copper 20 was prepared by Direct Chill casting a 15 cm (6")
x 76 cm (30") cross section ingot from a melt temperature of about 1100 C.
2" x 2" x 4" samples cut from the ingot were soaked for 2 hours at 875 C
and hot rolled to a thickness of 14 mm (0.55") in 6 passes. The alloys were
then milled to 11 mm (0.45") gauge. Thereafter, the ingots were cold rolled
to 2.5 mm (0.10") and aged by annealing at 4750C for 2 hours. Thereafter,
the alloys were cold rolled to 1.3 mm (0.050") and again aged at 400 C for
2 hours. The 25 alloys were then cold rolled to 0.8 mm (0.030") and
stabilization annealed at 300 C for 1 hour. The mechanical properties of
the alloys were measured after the final cold rolling and after the
stabilization anneal. The properties which were measured are set forth in
Table II. 30 35 40 45 50 55 9    EP0203389B1 (err) C (err) (err) 10
(err) 0 20 (err) (err) 25                             (err) (err) (err)
(err) (err) 30                                                 (err) (err)
35.                                                                (err)
(err) (err) (err) It is apparent from a consideration of Table II that when
the alloys of this invention are processed in accordance with Process
Alternative 1 very high ultimate tensile strengths are obtained at moderate
electrical conductivity. However, there is a notable sacrifice in bend
formability properties. The stress 55  relaxation properties of the alloys
are markedly improved by the stabilization anneal as shown by the 



comparison of 88.8% stress remaining after stabilization versus 64.1% of
stress remaining for an un- stabilized alloy. The excellent strength and
conductivity properties of this alloy combined with the significant stress
relaxation resistance in the stabilized condition make it highly useful in
connector applications such 10    EP 0 203 389 B1 as flat spring type
devices. Accordingly, Process Alternative 1 is clearly adapted to providing
alloys in accordance with this invention having very high strength at
moderate conductivity with excellent stress relaxation resistance in the
stabilized condition. 5  EXAMPLE II A series of alloys were prepared having
the compositions as set forth in Table Ill. The alloys were processed as
set forth in Table lll. 10 20 25 30 35 40 45 50 55    EP 0 203 389 B1 000
(err) (err) (err) (err) (err) (err) (err) 15                             -
(err) (err) (err) (err)                        (err) (err) (err) (err) 20
(err) (err) 



25 (err) (err) (err) (err) (err) (err) (err) (err) 40
(err) (err) 45 The alloys set forth in Table III have varying magnesium
contents. The stress relaxation resistance of 55 the alloys was measured
after final cold rolling and after further stabilization annealing. The
data set forth in Table III clearly establish the beneficial effect of
magnesium on the stress relaxation resistance of these alloys over a wide
range of magnesium content. The data further establishes the clearly
significant improvement in stress relaxation resistance which is obtained
by stabilization annealing the alloys. 12    EP 0 203 389 B1 Therefore, it
is preferred in accordance with the present invention for connector or
other applications where stress relaxation resistance is desired to utilize
the alloys in the stabilized condition. EXAMPLE III 5 Samples from Example
I after hot rolling were subjected to the following processing sequences.
Following hot rolling. the alloys were cold rolled to 3.8 mm (0.15"). The
alloys were then given an homogenization treatment comprising annealing at
600 C for 6 hours; cold rolling to 2.5 mm (0.10"), annealing at 830 IC for
4-1/2 minutes followed by water quenching. Following the homogenization
treatment 10  the alloys were cold rolled to 0.76 mm (.030") and then
annealed at 830 C for 4-1/2 minutes followed by water quenching and then
cold rolled to 0.38 mm (0.015"). A portion of the alloys as cold rolled to
0.38 mm (0.015") were given an overaging anneal at 525 C for 4 hours
followed by cold rolling to 0.25 mm (0.010"). This processing is in
accordance with Process Alternative 2. A further portion of these alloys
were then given an aging anneal at 475 C for 2 hours followed by cold
rolling to 0.25 mm (0.010"). These alloys have 15 been processed in
accordance with Process Alternative 3. The properties of the alloys at 0.25
mm (0.010") gauge are set forth in Table IV. 20
(err) 25 C          (err) 30 35                                      4
(err) (err) 



50 1 3    EP 0 203 389 B1 As shown in Table IV, Process Alternative 2
provides the highest electrical conductivity while maintain- ing excellent
ultimate tensile strength in excess of 68.9 kN/cm2 (100 ksi) and while
providing excellent bend formability properties. This process is
particularly suited for manufacturing materials having applications as
leadframes where excellent bend formability as well as strength and
conductivity properties are desired. 5  While it is believed that the
alloys processed by Process Alternative 2 will find their principal
application as leadframes they could also be utilized for connector or
other applications requiring the excellent bend formability properties. For
connector applications, the alloys are preferably stabilization annealed in
order to provide improved stress relaxation resistance. The results of
Process Alternative 3 by comparison with the results of Process Alternative
2 and those previously set forth in Table II fall intermediate the other 10
processes properties. Process Alternative 3 provides very good strength
properties in excess of 82.7 kN/cm2 (120 ksi) ultimate tensile strength and
good conductivity in excess of 40% IACS at a penalty in bad way bends.
EXAMPLE IV 15 A series of alloys having the compositions set forth in Table
V were prepared as follows: The alloys were melted at a temperature of
about 1225* C. Each melt was poured into a steel mold resting on a water
cooled copper plate. The resulting 5 cm x 5 cm x 10 cm (2" x 2" x 4") chill
cast ingots were soaked 2 hours at 900-C and hot rolled from that
temperature to a thickness of 14 mm (0.55") in 6 passes. The 20  alloys
were then processed as follows. They were milled to 10 mm (0.40") gauge and
then cold rolled to 4.6 mm (0.18") gauge. A portion of the alloys were
annealed 4 hours at 500 C followed by cold rolling to 2.0 mm (0.080") gauge
and then annealed 2 hours at 425 C followed by cold rolling 75% to 0.5 mm
(0.020") gauge. The mechanical and electrical properties of the alloys were
then measured and are set forth in Table V. 25 30 35 40 45 50 55 14    EP 0
203 389 BI (err) (err) C 



10 C 0 (err) (err) 15 20                                    (err) (err) 25
U 40 45 Table V clearly illustrates the marked improvement in strength
achievable with the alloys of the present 5o invention without an
unacceptable loss of electrical conductivity. The data in Table V also show
that the alloys may include other elements such as chromium and manganese
within the ranges of this invention without sacrificing the strength
properties. EXAMPLE V 55 A portion of the alloys of the previous example at
4.6 mm (0.18") gauge were annealed at a temperature of 475 * C for 2 hours
then cold rolled to 2.0 mm (0.080") gauge and annealed at 400 I C for 2
h6urs followed by cold rolling .75% to 0.5 mm (0.020") gauge. The
mechanical and electrical properties of 1 5    EP 0 203 389 B1 the alloys
were measured and are listed in Table VI. (err) 5 0 25 (err) 35 (err) 45 A
consideration of Table VI shows that the alloys of this invention are
capable of achieving exceptional so  levels of tensile strength while
maintaining a moderate electrical conductivity. Table VI further shows that
minor additions of chromium and/or manganese are beneficial to the tensile
strength properties of the alloy while reducing the electrical conductivity
to a degree. In the present application "Yield Strength' comprises yield
strength measured at 0.2% offset. "UTS" comprises ultimate tensile
strength. "Elongation" in accordance with this invention is measured in a
5.1 cm 55  (2") gauge length. The term  "ksi" is an abbreviation for
thousands of pounds per square inch. All compositional percentages are in
percent by weight. All annealing times are times at temperature and do not
include the furnace time getting up to temperature and cooling down. Strip
anneals are preferred in 



accordance with this invention for solution annealing or resolutionizing
the alloy. Anneals which can be 16    EP0203389B1 carried out in periods of
less than 10 minutes are preferably performed by strip annealing
techniques. Anneals in excess of such a period are preferably carried out
by Bell annealing. The commercial copper alloy designations set forth in
this application comprise standard designations of the Copper Development
Association Incorporated, 405 Lexington Avenue, New York, New York 10017. 5
It is apparent that there has been provided in accordance with this
invention multipurpose copper alloys and processing therefor with moderate
conductivity and high strength which fully satisfy the objects, means, and
advantages set forth hereinbefore. Claims 10 1. A copper base alloy having
an improved combination of ultimate tensile strength and electrical
conductivity and being insensitive to hot working temperature with respect
to cracking, said alloy consisting of: (a) from 2 to 4.8% by weight nickel,
15       (b) part of the nickel content being optionally substituted by
chromium, cobalt, iron, titanium, zirconium, hafnium, niobium, tantalum,
mischmetal or mixtures thereof, in an amount of 1% by weight of the alloy
or less, but effective for forming a silicide; (c) from 0.2 to 1.4% by
weight silicon; (d) optionally lithium, calcium, manganese, mischmetal or
mixtures thereof, in an amount of 0.25% 20        by weight of the alloy or
less, but effective for deoxidizing or desulfurizing; (e) from 0.05 to
0.45% by weight magnesium; (f) balance copper apart from impurities. 2. A
copper base alloy as in claim 1 wherein the nickel content is from 2.4 to
4.0% by weight, the silicon 25     content is from 0.3 to 1.1% by weight,
and the magnesium content is from 0.05 to 0.3% by weight. 3. A copper base
alloy as in claim 1 or 2 wherein the magnesium content is from 0.1 to 0.2%
by weight. 4. A copper base alloy as in any one of claims 1 to 3 wherein
the chromium content is 0.1% by weight or 30     less. 5. A copper base
alloy as in any one of claims 1 to 4 wherein the ratio of nickel to silicon
ranges from 3.5 :1 to 4.5: 1, preferably from 3.8 :1 to 4.3 :1. 35  6. A
leadframe having good bend formability characterized by being manufactured
from a copper base alloy as indicated in any one of claims 1 to 5, being in
an overaged condition. 7. An electrical connector having good stress
relaxation properties characterized by being manufactured from a copper
base alloy as indicated in any one of claims 1 to 5, being in a stabilized
condition. 40 8  A process for manufacturing a copper base alloy as
indicated in any one of claims 1 to 5, having an improved combination of
ultimate tensile strenght and electrical conductivity and being insensitive
to hot working temperature with respect to cracking, said process
comprising the following steps: (a) casting said alloy into a desired
shape; 45        (b) solutionizing said alloy at a temperature of from 750
to 950 * C for a period of from 30 seconds to 



8 hours followed by quenching; (c) cold reducing said alloy at least 30%;
(d) aging said alloy at a temperature of from 350 to 500 C for a period of
from 1/2 to 8 hours; and (e) finally cold reducing said alloy from 10 to
90% reduction. 50 9. A process as in claim 8 characterized by further
including the step (f) stabilization annealing said alloy at a temperature
of from 200 to 345* C for a period from 1/2 to 8 hours. 10. A process as in
claim 8 or 9 characterized in that said solutionizing step (b) comprises
hot working said 55     alloy from said solutionizing temperature in a
plurality of passes to a desired gauge. 11. A process as in any one of
claims 8 to 10 characterized in that steps (c) and (d) are repeated with
the  - proviso that the aging temperature is lower than the aging
temperature in the first sequence of steps (c) 17 (err)    EP 0 203 389 B1
(err) carried out in periods of less than 10 minutes are preferably
performed by strip annealing techniques. Anneals in excess of such a period
are preferably carried out by Bell annealing. The commercial copper alloy
designations set forth in this application comprise standard designations
of the Copper Development Association Incorporated, 405 Lexington Avenue,
New York, New York 10017. 5     It is apparent that there has been provided
in accordance with this invention multipurpose copper alloys and processing
therefor with moderate conductivity and high strength which fully satisfy
the objects, means, and advantages set forth hereinbefore. Claims 10 1. A
copper base alloy having an improved combination of ultimate tensile
strength and electrical conductivity and being insensitive to hot working
temperature with respect to cracking. said alloy consisting of: (a) from 2
to 4.8% by weight nickel, 15       (b) part of the nickel content being
optionally substituted by chromium, cobalt, iron, titanium, zirconium,
hafnium, niobium, tantalum, mischmetal or mixtures thereof, in an amount of
1% by weight of the alloy or less, but effective for forming a silicide;
(c) from 0.2 to 1.4% by weight silicon; (d) optionally lithium, calcium,
manganese, mischmetal or mixtures thereof, in an amount of 0.25% 20
by weight of the alloy or less, but effective for deoxidizing or
desulfurizing; (e) from 0.05 to 0.45% by weight magnesium; (f) balance
copper apart from impurities. 2. A copper base alloy as in claim 1 wherein
the nickel content is from 2.4 to 4.0% by weight, the silicon 25
content is from 0.3 to 1.1% by weight, and the magnesium content is from
0.05 to 0.3% by weight. 3. A copper base alloy as in claim 1 or 2 wherein
the magnesium content is from 0.1 to 0.2% by weight. 4. A copper base alloy
as in any one of claims 1 to 3 wherein the chromium content is 0.1% by
weight or 30     less. 5. A copper base alloy as in any one of claims 1 to
4 wherein the ratio of nickel to silicon ranges from 3.5 



:1 to 4.5: 1, preferably from 3.8: 1 to 4.3 :1. 35  6. A leadframe having
good bend formability characterized by being manufactured from a copper
base alloy as indicated in any one of claims 1 to 5, being in an overaged
condition. 7. An electrical connector having good stress relaxation
properties characterized by being manufactured from a copper base alloy as
indicated in any one of claims 1 to 5, being in a stabilized condition. 40
8.  A process for manufacturing a copper base alloy as indicated in any one
of claims 1 to 5, having an improved combination of ultimate tensile
strenght and electrical conductivity and being insensitive to hot working
temperature with respect to cracking, said process comprising the following
steps: (a) casting said alloy into a desired shape; 45       (b)
solutionizing said alloy at a temperature of from 750 to 950* C for a
period of from 30 seconds to 8 hours followed by quenching; (c) cold
reducing said alloy at least 30%; (d) aging said alloy at a temperature of
from 350 to 500 C for a period of from 1/2 to 8 hours; and (e) finally cold
reducing said alloy from 10 to 90% reduction. 50 9. A process as in claim 8
characterized by further including the step (f) stabilization annealing
said alloy at a temperature of from 200 to 345 C for a period from 1/2 to 8
hours. 10. A process as in claim 8 or 9 characterized in that said
solutionizing step (b) comprises hot working said 55     alloy from said
solutionizing temperature in a plurality of passes to a desired gauge. 11.
A process as in any one of claims 8 to 10 characterized in that steps (c)
and (d) are repeated with the proviso that the aging temperature is lower
than the aging temperature in the first sequence of steps (c) 17    EP O
203 389 B1 and (d) and is within a range from 350 to 490 C for a period of
1.2 to 8 hours. 12. A process as in any one of claims 8 to 11 characterized
in that in place of step (d), said alloy is: (g) annealed at a temperature
of from 750 to 950 C for a period of from 30 seconds to 8 hours. 5
followed by quenching; (h) cold worked at least 10%; and (i) overaged by
annealing at a temperature of from 500 to 700 C for a period of from 1/2 to
8 hours. 13. A process as in claim 12 characterized in that in place of
step (i), said alloy is (i) aged at a temperature 10     of from 350 to
less than 500e C for a period from 1.12 to 8 hours. 14. A process as in
claims 12 or 13 wherein steps (g) and (h) are repeated. 15. A process as in
any of claims 8 to 14 characterized in that before step (b) or before step
(c) or before 15     step (d), said alloy is subjected to an homogenization
anneal at a temperature of from 550 to 700 C for a period from 1 to 8
hours. Patentansprnche 20  1. Legierung auf Kupferbasis mit einer
verbesserten Kombination von Zugfestigkeit und elektrischer Leitfahigkeit,
die hinsichtlich RiBbildung unempfindlich gegenuber
Warmverformungstemperatur ist, und die besteht aus: (a) 2 bis 4,8 Gew.-%
Nickel, 



(b) wobei ein Teil des Nickelgehalts wahlweise ersetzt ist durch Chrom,
Kobalt, Eisen, Titan, 25        Zirkonium, Hafnium, Niob, Tantal,
Mischmetall oder Mischungen davon, in einer Menge von 1 Gew.- % der
Legierung oder weniger, aber wirksam zur Bildung eines Silicids; (c) 0,2
bis 1,4 Gew.-% Silicium; (d) wahlweise Lithium, Calcium, Mangan,
Mischmetall oder Mischungen davon, in einer Menge von 0,25 Gew.-% der
Legierung oder weniger, aber wirksam zum Deoxidieren oder Desulfurieren; 30
(e) 0,05 bis 0,45 Gew.-% Magnesium; (f) Rest Kupfer, abgesehen von
Verunreinigungen. 2. Legierung auf Kupferbasis nach Anspruch 1, bei der der
Nickelgehalt 2,4 bis 4,0 Gew.-% betragt, der Siliciumgehalt 0,3 bis 1,1
Gew.-% betr~gt und der Magnesiumgehalt 0,05 bis 0,3 Gew.-% betr~gt. ss 3.
Legierung auf Kupferbasis nach Anspruch 1 oder 2, bei der der
Magnesiumgehalt 0,1 bis 0,2 Gew.-% betrigt. 4. Legierung auf Kupferbasis
nach einem der Ansprache 1 bis 3, bei der der Chromgehalt 0.1 Gew.-% 40
oder weniger betragt. 5. Legierung auf Kupferbasis nach einem der Ansprache
1 bis 4. bei der das Verhaltnis von Nickel zu Silicium im Bereich von 3,5:
1 bis 4,5: 1, bevorzugt von 3,8: 1 bis 4,3: 1, liegt. 45  6. Leiterrahmen
mit guter Biegeformbarkeit, dadurch gekennzeichnet, daB er aus einer
Legierung auf Kupferbasis wie in einem der AnsprUche 1 bis 5 angegeben, die
in einem Oberalterten Zustand ist, hergestellt ist. 7. Elektrischer
Verbinder mit guten Spannungs-Relaxations-Eigenschaften, dadurch
gekennzeichnet, daB so     er aus einer Legierung auf Kupferbasis wie in
einem der AnsprUche 1 bis 5 angegeben, die sich in einem stabilisierten
Zustand befindet, hergestellt ist. &  Verfahren zur Herstellung einer
Legierung auf Kupferbasis wie in einem der Anspr~che 1 bis 5 angegeben, die
eine verbesserte Kombination von Zugfestigkeit und elektrischer
Leitffhigkeit besitzt ss     und hinsichtlich RiBbildung unempfindlich
gegenUber Warmverformungstemperatur ist, folgende Schrit- te aufweisend:
(a) GieBen der Legierung zu einer gewUnschten Gestalt; 18    EP 0 203 389
B11             11   ILI c  ^ s  * (b) L6sungsbehandeln der Legierung bei
einer Temperatur von 750* bis 950 C fur einen Zeitraum von 30 Sekunden bis
8 Stunden, gefolgt von Abschrecken; (c) Kaltreduzieren der Legierung um
mindestens 30 %; (d) Ausharten der Legierung bei einer Temperatur von 350
bis 500 C fUr einen Zeitraum von 1.2 bis 5        8 Stunden; und (e)
abschliel3end Kaltreduzieren der Legierung um 10 bis 90 % Reduktion. 9.
Verfahren nach Anspruch 8, dadurch gekennzeichnet, 10     daB es weiterhin
den Schritt (f) des Stabilisierungs-Warmebehandeins der Legierung bei einer
Tempe- ratur von 200 bis 345 IC fUr einen Zeitraum von 1/'2 bis 8 Stunden
enthalt. 10. Vetfahren nach Anspruch 8 oder 9, 



dadurch gekennzeichnet, 15     dal der Schritt (b) des L6sungsbehandelns
ein Warmverformen der Legierung von der L6sungsbe- handlungstemperatur in
einer Mehrzahl von Durchgangen auf ein gewOnschtes Mal3 aufweist. 11.
Verfahren nach einem der AnsprOche 8 bis 10, K.-'         dadurch
gekennzeichnet, 20     daB die Schritte (c) und (d) wiederholt werden, mit
der Mal3gabe, daB die Aushartungstemperatur niedriger ist als die
Aushartungstemperatur in der ersten Folge von Schritten (c) und (d) und
innerhalb eines Bereichs von 350 bis 490 C ist wahrend eines Zeitraums von
1/2 bis 8 Stunden. 12. Verfahren nach einem der AnsprOche 8 bis 11, 25
dadurch gekennzelchnet, daB anstelle von Schritt (d) die Legierung: (g)
warmebehandelt wird bei einer Temperatur von 750 bis 950 C fOr einen
Zeitraum von 30 Sekunden bis 8 Stunden, gefolgt von Abschrecken; (h)
mindestens 10 % kaltverformt wird; und 30       (i) Dberaltert wird durch
Warmebehandeln bei einer Temperatur von 500 bis 700 fMr einen Zeitraum von
1/2 bis 8 Stunden. 13 Verfahren nach Anspruch 12, dadurch gekennzeichnet,
35     daB anstelle von Schritt (i) die Legierung 0) bei einer Temperatur
von 350 bis weniger als 500 IC fur einen Zeitraum von 112 bis 8 Stunden
ausgehartet wird. 14. Verfahren nach Anspruch 12 oder 13, bei dem die
Schritte (g) und (h) wiederholt werden. 40 15. Verfahren nach einem der
AnsprUche 8 bis 14, dadurch gekennzeichnet, dal vor Schritt (b) oder vor
Schritt (c) oder vor Schritt (d) die Legierung bei einer Temperatur von 550
bis 700 * C fOr einen Zeitraum von 1 bis 8 Stunden einer
Homogenisiarungs-Wirmebehandlung 45     unterworfen wird. Revendications 1.
Alliage A base de cuivre pr6sentant une combinaison am6lioree de resistance
a la traction et de   . 50     conductivite electrique et etant insensible
a une temperature de travail en ce qui conceme la fissuration, ledit
alliage etant constitue par: (a) de 2 a 4,8% de nickel en poids; (b) une
partie du nickel etant remplacee optionnellement par du chrome, du cobalt,
du fer, du titane, du zirconium, de I'hafnium, du niobium, du tantale, du
mischmetal ou un m6lange de ceux-ci selon  a 55        une quantit6 de 1%
en poids de l'alliage ou moins, efficace pour former un siliciure; (c) de
0,2 a 1,4% de silicium en poids; (d) en option, du lithium, du calcium, du
manganese, du mischmetal ou un m6lange de ceux-ci, selon une quantite de
0,25% en poids de l'alliage ou moins, mais efficace pour desoxyder ou 19
; .             ~~~~EP 0 203 389 B1  Iii iillii ii lll 



* C   L   M   S * desulfuriser; (e) de 0,05 a 0,45% en poids de magnesium;
(f) et du cuivre pour le complement, hormis les impuretes. s  2. Alliage a
base de cuivre selon la revendication 1, dans loquel la teneur en nickel
est comprise entre 2.4 et 4,0% en poids, la teneur en silicium est comprise
entre 0,3 et 1,1% en poids et la teneur en magnesium est comprise entre
0,05 et 0,3% en poids. 3. Alliage A base de cuivre selon la revendication 1
ou 2, dans lequel la teneur en magnesium est 10     comprise entre 0,1 et
0.2% en poids. 4. Alliage A base de cuivre selon l'une quelconque des
revendications 1 A 3, dans lequel la teneur en chrome vaut 0,1% en poids ou
moins. 75  5. Alliage A base de cuivre selon l'une quelconque des
revendications 1 a 4, dans lsquel le rapport du nickel sur le silicium
s'inscrit dans une plage qui va de 3,5: 1 A 4,5: 1, do pref6rence de 3,8: 1
A 4,3: 1. 6. Grille de connexion pr6sentant une bonne formabilite en
flexion, caracterise en ce qu'il est fabrique A 20     partir d'un alliage
A base de cuivre tel qu'indiqud dans l'une quelconque des revendications 1
A 5, lequel est dans une condition de survieillissement. 7. Connecteur
electrique presentant de bonnes proprietes de relaxation des contraintes,
caract6ris6 en ce qu'il est fabriqu6 A partir d'un alliage A base de cuivre
tel qu'indique dans l'une quelconque des 25     revendications 1 A 5,
lequel est dans une condition stabilis6e. 8. Proc6de de fabrication d'un
alliage A base de cuivre tel qu'indique dans l'une quelconque des
revendications 1 A 5, pr6sentant une combinaison am6lior6e de resistance A
la traction et de conductivite 6lectrique et etant insensible A une
temperature de travail en ce qui concerne la 30     fissuration, ledit
proced6 comprenant les etapes suivantes: (a) coul6e dudit alliage selon une
conformation souhait6e; (b) recuit de mise en solution dudit alliage A une
temperature comprise entre 750 et 950' C pendant une p6riode comprise entre
30 secondes et 8 heures, cette etape 6tant suivie par une trempe; 35
(c) r6duction a froid dudit alliage d'au moins 30% (d) vieillissement dudit
alliage A une temperature comprise entre 350 et 500  C pendant une p6riode
comprise entre 1/2 heure et 8 heures ; et (e) pour finir, r6duction A froid
dudit alliage selon une r6duction de 10 A 90%. 40  9. Proced6 selon la
revendication 8, caracterise en ce qu'il inclut en outre l'6tape (f)
consistant a recuire ledit alliage a une temperature comprise entre 200 et
345  C pendant une p6riode comprise entre 1/2 heure et 8 heures pour le
stabiliser. 10. Proc6d6 selon la revendication 8 ou 9, caracterise on ce
quo ladite etape de recuit de mise en solution 45     (b) comprend un
faconnage Ai chaud dudit alliags A partir de ladite temperature de recuit
de mise en solution moyennant une pluralite de passes jusqua obtention d'un
6talon souhaite. 11. Procede selon l'une quelconque des revendications 8 A
10, caracterise on ce que les etapes (c) et (d) sont repetees avoc pour
condition que la temperature de vioillissement est inferieure i la
temperature so     de vioillissement prevalant dans la premiere sequence
d'dtapes (c) et (d) et elle s'inscrit dans une plage qui va de 350 A 490 C
pendant une periode de 1/2 heure A 8 heures. 12. Procede selon l'une
quelconque des revendications 8 A 11, caracteris4 en ce qu'en lieu et place
de l'etape (d), ledit alliage est: 



65       (g) recuit A une temperature comprise entre 750 et 950  C pendant
une periode de 30 secondes a 8 heures, cette etape 6tant suivie par une
trempe; (h) fagonn6 A froid sur au moins 10%  et 20    F
EP 0 203 389 Bi                  *      I Ic ll l si  * (i)
survieillissement au moyen d'un recuit a une temperature comprise entre 500
et 700, C pendant une p6riode comprise entre 1;2 heure et 8 heures. 13.
Procede selon la revendication 12, caracteris6 en ce qu'a la place de
1I6tape (i). ledit alliage est () vieilli a une temperature qui va de 350 C
a moins de 500. C pendant une p6riode comprise entre 1 V2 et 8 heures. 14.
Proc6d6 selon la revendication 12 ou 13. dans lequel les 6tapes (g) et (h)
sont repet6es. 0o 15. Proc6de selon l'une quelconque des revendications 8 a
14. caract6ris6 en ce qu'avant l'6tape (b) ou avant l'etape (c) ou avant
i'6tape (d), ledit alliage est soumis a un recuit d'homogen6isation a une
temperature comprise entre 550 et 700  C pendant une periode comprise entre
1 et 8 heures. 15 20 30 35 40 45 sot 55 21    


