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ELECTRICAL CONNECTOR WITH EMBEDDED SHELL LAYER

Description

This application claims priority to U.S. Patent Application No. 12/959,038

filed December 2, 2010, the contents of which are incorporated herein by reference.
Technical Field

[0001] The present disclosure relates generally to an electrical connector, and more
particularly, to materials, components, and methods directed to the fabrication and use of an

electrical connector with an embedded shell layer.

Background

[0002] In the electronics and semiconductor industries, systems used to test and
qualify integrated circuit (IC) chips during the manufacturing process are conventionally
referred to as "test systems.” Figure 1 depicts a test system 100. The test system 100
includes an electrical connector for providing an electrical connection between an IC chip
110 and a printed circuit board (PCB) 120. The electrical connector can include a socket
body 130, a plurality of spring probes 140, and a socket retainer 150.

[0003] Figures 2 and 3 depict the spring probe 140. The spring probe 140 can include
a shell 241, a pair of plungers 243, and a spring 344. The shell 241 can be tubular and can be
formed of copper alloy coated by nickel and gold. The plungers 243 and the spring 344 can
be slidable inside the shell 241. The shell 241 can be crimped at both ends 242 to retain the
plungers 243 and the spring 344 within the shell 241, and the spring 344 can bias the
plungers 243 outwardly from the shell 241. Thus, the spring 344 is capable of exerting a
force against each plunger 243 outwardly from the shell 241, and also the plungers 243 can
be depressed inwardly into the shell 241 under a force directed inward against the spring 344.
[0004] The spring probe 140 can be inserted through and held within corresponding
cavities in a socket body 130 and a socket retainer 150 in an array. Figures 4 and 5 show the
spring probe 140 inserted into socket cavities 431 formed in the socket body 130 and the
socket retainer 150. The socket body 130 and the socket retainer 150 can position the
plungers 243 of the spring probes 140 such that the plungers 243 at a first end of the spring
probes 140 electrically connect to conductive pads on the IC chip 110, and the plungers 243
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at a second end of the spring probes 140 electrically connect to conductive pads on the PCB
120.

[0005] In the test system 100, an external surface of the spring probe 140 is formed
with a diameter that is smaller than the diameter of an internal surface of the socket cavity
431 to allow the spring probe 140 to be inserted into the socket cavity 431 in the socket body
130. As a result, as shown in Figure 5, a first gap 560 can be formed between the internal
surface of the socket cavity 431 and the external surface of the shell 241.

[0006] Also, in the test system 100, an external surface of the plunger 243 inside the
shell 241 is formed with a diameter that is smaller than the diameter of an internal surface of
the shell 241 to allow the plunger 243 to be inserted into the shell 241. As a result, as shown
in Figure 5, a second gap 570 can be formed between the internal surface of the shell 241 and

the external surface of the plunger 243.

Summary

[0007] In one aspect, the present disclosure is directed to a method of forming an
electrical connector. The method can include affixing at least one layer to a core such that
the at least one layer is isomorphic to at least a portion of on an external surface of the core
and press fitting the core with the at least one layer into a socket cavity in a socket body
where the socket cavity includes an internal surface. The method can also include removing
the core from the socket cavity while leaving at least a portion of the layer so that the layer
forms a shell layer affixed to the internal surface of the socket cavity where the shell layer
further includes a shell cavity with an internal shell surface. The method can also include
inserting at least one plunger and a biasing device into the shell cavity so that a tail of the at
least one plunger is slidably received in the shell cavity and the biasing device biases a tip of
the at least one plunger away from the internal surface of the shell cavity.

[0008] In another aspect, the present disclosure is directed to a method of forming an
electrical connector. The method can include forming a shell layer in a socket cavity in a
socket body such that the shell layer is secured inside the socket cavity by a press fit where
the shell layer includes a shell cavity. The method can also include inserting at least one
plunger and a biasing device into the shell cavity so that a tail of the at least one plunger is
slidably received in the shell cavity and the biasing device biases a tip of the at least one

plunger away from the shell cavity, and at least partially closing an open end of the shell
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cavity using a retainer to limit sliding movement of at least one of the at least one plunger and
the biasing device in the shell cavity.

[0009] In a further aspect, the present disclosure is directed to an electrical connector.
The electrical connector can include a socket shell comprising a body having a socket cavity
with an internal socket surface extending through the body, and at least one shell layer having
a shell cavity and an external shell surface isomorphic to at least a portion of the internal
socket surface and affixed as a layer to at least the portion of the internal socket surface
where the at least one shell layer can include a first shell material. The electrical connector
can also include a contact probe including at least one plunger slidably received in the shell
cavity and extending through a first opening in a first end of the shell cavity, and a biasing
device configured to exert a biasing force on the at least one plunger.

[0010] Additional features and advantages will be set forth in part in the description
which follows, being apparent from the description of or learned by practice of the disclosed
embodiments. The features and advantages will be realized and attained by means of the
elements and combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following detailed description
are exemplary and explanatory only and are not restrictive of the scope of the embodiments,

as claimed.

Brief Description of the Drawings

[0011] The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate several embodiments of the invention and together with the
description, serve to explain the principles of the invention.

[0012] Figure 1 is a cross-sectional view of a test system, including an electrical

connector connecting an integrated circuit chip to a printed circuit board,

[0013] Figure 2 is a side view of a spring probe of the electrical connector of Figure
1

[0014] Figure 3 is a cross-sectional view of the spring probe of Figure 2;

[0015] Figures 4 and 5 are cross-sectional views of the spring probe in the electrical

connector of Figure 1;
[0016] Figures 6 and 7 are cross-sectional views of an electrical connector, according

to an exemplary embodiment;
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[0017] Figures 8-14 depict aspects of a method for forming an electrical connector,

according to another exemplary embodiment, where:

[0018] Figure 8 is a side view of a core used for forming the electrical connector,
[0019] Figure 9 is a cross-sectional view of a socket body of the electrical connector,
[0020] Figure 10 is a cross-sectional view of the core of Figure 8 with a plurality of
layers,

[0021] Figures 11 and 12 are cross-sectional views of the core with the layers of

Figure 10 press fitted into the socket body of Figure 9,

[0022] Figure 13 is a cross-sectional view of a socket shell formed by the core with
the layers and the socket body of Figures 11 and 12, and

[0023] Figure 14 is a cross-sectional view of the electrical connector formed with the
socket shell of Figure 13;

[0024] Figure 15 is a side view of a wire for forming the core of Figure 8;

[0025] Figures 16-21 depict aspects of a method for forming an electrical connector,

according to a further exemplary embodiment, where:

[0026] Figure 16 is a side view of a core used for forming the electrical connector,
[0027] Figure 17 is a cross-sectional view of a socket body of the electrical connector,
[0028] Figure 18 is a cross-sectional view of the core of Figure 16 with a plurality of
layers,

[0029] Figure 19 is a cross-sectional view of the core with the layers of Figure 18

press fitted into the socket body of Figure 17,

[0030] Figure 20 is a cross-sectional view of a socket shell formed by the core with
the layers and the socket body of Figure 19, and

[0031] Figure 21 is a cross-sectional view of the electrical connector formed with the
socket shell of Figure 20; and

[0032] Figure 22 is a side view of a wire for forming the core of Figure 16.

Detailed Description

[0033] Reference will now be made in detail to exemplary embodiments of the
invention, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to the

same or like parts.
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[0034] Figures 6 and 7 show an electrical connector, according to an exemplary
embodiment. The electrical connector can be an interconnector configured to transmit
electrical signals between various devices, such as between an IC chip and a PCB or
motherboard. The electrical connectors disclosed herein can be used in a variety of
applications, such as, but not limited to, electronics and semiconductor applications. For
example, according to an exemplary embodiment, the electrical connector can be provided in
a test system for testing an IC chip. In such a test system, the electrical connector can
electrically connect the IC chip to a PCB used for testing the IC chip.
[0035] The electrical connector can include a socket body 630, one or more contact
probes 640, and a retainer 650. Both the socket body 630 and the retainer 650 can be
generally planar, e.g., can extend generally horizontally, and can be disposed adjacent to each
other. For example, the socket body 630 can lie on top of the retainer 650, as shown in
Figure 6, or the retainer 650 can lie on top of the socket body 630.
[0036] The socket body 630 can include one or more socket cavities 631, and the
retainer 650 can include one or more retainer cavities 651 aligned with the socket cavities
631. Contact probes 640 can be disposed in the respective socket cavities 631 and the
corresponding retainer cavities 651. For example, in an embodiment in which the electrical
connector electrically connects an IC chip to a PCB, each aligned pair of the socket cavity
631 and the retainer cavity 651 can be aligned with a corresponding pad on the IC chip and a
corresponding pad on the PCB such that the contact probe 640 in the aligned pair of the
socket cavity 631 and the retainer cavity 651 electrically connects the corresponding pads of
the IC chip and PCB.
[0037] The number of contact probes 640 (and corresponding number of socket
cavities 631 and retainer cavities 651) can depend, e.g., on the desired data rate, the structure
of the IC chip, the PCB, or other device being electrically connected by the electrical
connector, etc. For example, less than ten to over one thousand contact probes 640 can be
provided.
[0038] The contact probe 640 can contact a shell layer 641, and can include a pair of
plungers 643 and a biasing device 644. The shell layer 641 can be tubular and can be formed
of a conductive material, such as a plating alloy, e.g., nickel and/or gold. The cross-section
of the shell layer 641 can be circular, oval, square, rectangular, or other shape. The shell
layer 641 can include multiple sections with different cross-sectional shapes and/or
dimensions. The plungers 643 and the biasing device 644 can be slidable within the shell
layer 641.

-5-
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[0039] The plunger 643 can include a tip 645 at one end and a tail 646 at the opposite
end. The shell layer 641 and/or the socket body 630 can include ends that capture the tails
646 and the biasing device 644 within the shell layer 641 and/or the socket body 630, and the
ends of the shell layer 641 and/or the socket body 630 can include openings through which
the tips 645 slide as the tail 646 slides within the shell layer 641. The tip 645 can be shaped
to contact the corresponding pad on the device to be electrically connected to the electrical
connector, e.g., the corresponding pad on the IC chip or PCB. The tail 646 can have a cross-
section that is slidably received in the shell layer 641 with little or no gap between the
external surface of the tail 646 and the internal surface of the shell layer 641.

[0040] The biasing device 644 can be a spring or other device capable of exerting a
biasing force on one or both plungers 643 to bias the plunger(s) 643 outwardly from the shell
layer 641. In the exemplary embodiment shown in Figures 6 and 7, a single biasing device
644 is provided for exerting biasing forces on both plungers 643. Alternatively, two biasing
devices 644 can be provided for exerting biasing forces on the plungers 643 separately. The
biasing device 644 can have a cross-section that is shaped to correspond to the shape of the
internal surface of the shell layer 641.

{0041} The plunger tip 645 and the plunger tail 646 can be formed of an electrically
conductive material to allow an electrical connection between the plungers 643 and the shell
layer 641, e.g., between the IC chip and the PCB. Thus, in an exemplary embodiment, to
assist in the electrical connection between the plunger tails 646 and the shell layer 644, the
internal surface of shell layer 641 and the external surfaces of plunger tails 646 can be in
contact such that there is no gap between these surfaces. For example, the plunger tail 646
can be formed with approximately the same cross-sectional shape and dimensions as the
inner cross-section of the shell layer 644. Thus, at least a portion of the external surface of
the plunger tail 646 can be isomorphic to the internal surface of the shell layer 644. The
biasing device 644 can also be formed of an electrically conductive material and can also
permit the electrical connection between the IC chip and the PCB.

[0042] The plungers 643 can be depressed inwardly (contract) into the shell layer 641
under a force directed inward against the biasing device 644. For example, in an embodiment
in which the electrical connector electrically connects an IC chip to a PCB, the socket body
630, the shell layers 641, the contact probes 640, and the retainer 650 can be sandwiched
between the IC chip and the PCB. In this configuration, the IC chip and the PCB can exert
forces against the respective plunger tips 645 that cause the plungers 643 to be depressed

inwardly into the shell layer 641. Thus, the plunger tips 645 on one end of the respective
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contact probes 640 contact the respective pads on the IC chip, and the plunger tips 645 on the
opposite end of the respective contact probes 640 contact the respective pads on the PCB.
The ability of the plungers 643 to expand and contract with respect to the shell layer 641 can
compensate for dimension variation of the IC chip. Also, biasing the plungers 643 outward
allows a more secure connection between the plungers 643 and the respective IC chip or
PCB.

[0043] The shell layer 641 can be formed inside the socket cavity 631 such that at
least a portion of an outer or external surface of the shell layer 641 is isomorphic to an
internal surface of the socket cavity 631. In an exemplary embodiment, the shell layer 641
can be formed directly inside the socket cavity 631, as will be described below in detail. The
contact probe 640 can also be assembled directly inside the socket cavity 631 of the socket
body 630. Because the shell layer 641 and the contact probe 640 are not assembled
separately from the socket body 630, there can be less risk of breaking the shell layer 641
and/or the contact probe 640 due to handling these components outside of the socket body
630. For example, as described below, it is not necessary to slide the shell layer 641 by itself
into socket cavity 631, which can increase the risk of breaking or bending the shell layer 641.
[0044] Figures 8-14 depict a method for forming the electrical connector, according
to an exemplary embodiment. As shown in Figure 8, a core 800 can be formed. The core
800 can be formed of a material that is capable of being dissolved or removed chemically,
such as by chemical etching, as will be described below. For example, the core 800 can be
formed from an aluminum alloy. The core 800 can include a body portion 801, a shoulder
portion 802, and a neck portion 803. The body portion 801 can have a larger cross-sectional
area (e.g., a larger outer diameter) than the neck portion 803, and the shoulder portion 802
can form a transition between the body portion 801 and the neck portion 803, as shown in
Figure 8. Alternatively, the core 800 can have other shapes. For example, the shoulder
portion 802 can be omitted, and the body portion 801 can transition directly to the neck
portion 803.

[0045] As shown in Figure 9, the socket cavity 631 can be formed in the socket

body 630. The socket cavity 631 can extend entirely through the depth of the socket body
630, as shown in Figure 9. The socket cavity 631 can include a body portion 932, a shoulder
portion 933, and a neck portion 934. The body portion 932 can have a larger cross-sectional
area (e.g., a larger inner diameter) than the neck portion 934, and the shoulder portion 933
can form a transition between the body portion 932 and the neck portion 934, as shown in

Figure 9. Alternatively, the socket cavity 631 can have other shapes. For example, the
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shoulder portion 933 can be omitted, and the body portion 932 can transition directly to the
neck portion 934. The depth of the socket body 630, i.e., the dimension along which the
socket cavity 631 extends, can be shorter than the length of the core 800.

[0046] As shown in Figure 10, the core 800 can be affixed or coated with one or more
layers. In the exemplary embodiment, the core 800 can be first coated with a first layer 1000
on substantially the entire external surface of the core 800 and then a second layer 1001 on
substantially the entire external surface of the first layer 1000. Alternatively, the core 800
can be coated with a single layer or with more than two layers. Also, in the exemplary
embodiment, the first layer 1000 can be plated onto the core 800 with a plating alloy, and the
second layer 1001 can be plated onto the first layer 1000 with another plating alloy. For
example, the first layer 1000 can be formed of gold and can have a thickness of
approximately 0.5um (micrometers or microns) to 3um. The second layer 1001 can be
formed of nickel and can have a thickness of approximately 3um to 10um or more.
Alternatively, the first layer 1000 can be formed of nickel or other plating alloy, and the
second layer 1001 can be formed of gold or other plating alloy. The plating alloy materials
and thicknesses of the respective layers can be determined based on the particular application.
[0047] Next, as shown in Figure 11, the core 800 with the layers 1000, 1001, as
shown in Figure 10, can be press fit into the socket cavity 631. For example, the core 800
with the layers 1000, 1001 can be press fit into the socket cavity 631 so that the external
surfaces of the body portion 801, the shoulder portion 802, and the neck portion 803 of the
core 800 with the layers 1000, 1001 are proximal to and contact the internal surfaces of the
corresponding body portion 932, the shoulder portion 933, and the neck portion 934 of the
socket cavity 631. As a result, the layers 1000, 1001 are press fit or compressed into the
socket cavity 631, thereby affixing the external surface of the second layer 1001 to the
internal surface of the socket cavity 631.

[0048] As shown in Figure 11, the depth of the socket body 630 can be shorter than
the length of the core 800 with the layers 1000, 1001 such that one or both of the ends of the
core 800 and the layers 1000, 1001 extend outward from the socket body 630 when the core
800 with the layers 1000, 1001 is press fit into the socket cavity 631. Figure 12 shows an
optional step in which the ends of the core 800 and the layers 1000, 1001 that extend outward
from the socket body 630 are removed. Any method for removing or cutting the ends of the
core 800 and the layers 1000, 1001 can be used. As shown in Figure 12, the ends of the core
800 and the layers 1000, 1001 can be removed such that the layers 1000, 1001 and the core
800 are flush with the ends of the socket body 630. As a result, the core 800 is exposed from
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at least one of the ends. This aspect of the method of Figures 8-14 may not be necessary in
certain embodiments, for example, as will be described below in connection with Figures 16-
21.

[0049] As shown in Figure 13, the core 800 can be removed to form a socket shell
1300 having a shell cavity 1340. In the exemplary embodiment, after removing the ends of
the core 800 and the layers 1000, 1001 to expose the ends of the core 800, the core 800 can
be dissolved and/or removed chemically, for example, by chemical etching. During the
chemical etching process, a chemical solvent can be applied to the core 800 (e.g., by
immersing the socket body 630 in the chemical solvent) to remove the core 800 without
removing the layers 1000, 1001 or the socket body 630. For example, in the exemplary
embodiment, the chemical solvent can be a base solution, such as sodium hydroxide (NaOH)
or other solution that removes the aluminum alloy or other material used to form the core
800, but does not remove the nickel, gold, or other plating alloy used to form the layers 1000,
1001 or the material used to form the socket body 630. Accordingly, after the core 800 is
removed, the layers 1000, 1001 and the socket body 630 remain to form the socket shell
1300, and the internal surface of the first layer 1000 forms the shell cavity 1340 in the socket
shell 1300.

[0050] The layers 1000, 1001 form the shell layer 641, which can be embedded in the
socket body 630 and affixed to the internal surface of the socket cavity 631 due to the press
fitting of the core 800 with the layers 1000, 1001 in the shell cavity 631 as described above in
connection with Figure 11. The entire external surface of the shell layer 641 (or a portion
thereof) faces and is isomorphic to the internal surface of the socket cavity 631 in the socket
body 630, and the external surface of the shell layer 641 (or a portion thereof) facing the
socket cavity 631 and the corresponding internal surface of the socket cavity 631 can be in
contact such that there is no gap between these surfaces.

[0051] As shown in Figure 14, the plungers 643 and the biasing device 644 can be
inserted into the socket cavity 1340, and the retainer 650 is inserted over the plunger tip 645.
In the exemplary embodiment, a first plunger 643 is inserted so that the plunger tip 645 is
inserted through the portion of the shell cavity 1340 formed by the socket cavity neck portion
934 and its plunger tail 646 is slidably disposed within the portion of the shell cavity 1340
formed by the socket cavity body portion 932. Then, the biasing device 644 and a second
plunger 643 can be inserted into the shell cavity 1340. The biasing device 644 can be
positioned between the respective plunger tails 646 of the two plungers 643, and the plunger
tail 646 of the second plunger 642 is slidably disposed within the portion of the shell cavity
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1340 formed by the socket cavity body portion 932. Next, the retainer 650 is positioned
against the socket shell 1300 so that the plunger tip 645 of the second plunger 643 is inserted
through the retainer cavity 651. The retainer 650 can serve to hold and limit the sliding
movement of the plungers 643 and the biasing device 644 in the socket shell 1300. The
plunger tail 646 of both plungers 643 can be formed so that at least a portion of the external
surface thereof is isomorphic to the internal surface of the shell cavity 1340, and the external
surface of the respective plunger tail 646 and the internal surface of the shell cavity 1340 can
be in contact such that there is no gap between these surfaces.

[0052] As described above in connection with Figures 8 and 10, the core 800 can be
machined individually and then plated with the first and second layers 1000, 1001.
Alternatively, as shown in Figure 15, the core 800 shown in Figure 8 can be formed from a
wire 1500. The wire 1500 can have a substantially constant cross-section and then can be
stamped to form a connected series of the cores 800, each including the body portion 801, the
shoulder portion 802, and the neck portion 803, as shown in Figure 15. A core 800 can be cut
off individually from the wire 1500 to form the core 800 shown in Figure 8. The core 800
can further be plated with the first and the second layers 1000, 1001, as shown in Figure 10.
{0053] Although Figures 9 and 11-14 show a single socket cavity 631 in the socket
body 630, multiple socket cavities 631 can be formed in the single socket body 630. Multiple
cores 800 can be formed and layered, similar to the embodiment described above in
connection with Figures 8, 10, and 15, and press fit into respective socket cavities 631 of the
single socket body 630, similar to the embodiment described above in connection with Figure
11. There can be a one-to-one correspondence between each core 1600 and each socket
cavity 631. The ends of the multiple cores 800 with the layers 1000, 1001 can be removed as
described above in connection with Figure 12, and the entire socket body 630 can be
immersed in the chemical solvent. The chemical solvent can remove all cores 800 in the
single socket body 630, similar to the embodiment described above in connection with Figure
13, to form the socket shell 1300 with multiple shell cavities 1340. Then, one biasing device
644 and the pair of plungers 643 can be inserted into each shell cavity 1340 and a retainer
650 can be positioned against the socket shell 1300 so that the plunger tips 645 can be
inserted through the respective retainer cavities 651 in the retainer 650, similar to the
embodiment described above in connection with Figure 14.

[0054] Figures 16-21 depict a method for forming the electrical connector, according
to another exemplary embodiment. A core 1600 can be formed, as shown in Figure 16. The

core 1600 can be formed of a material that is capable of being dissolved or removed
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chemically, such as by chemical etching. For example, the core 1600 can be formed from an
aluminum alloy. The core 1600 can have a constant cross-section, as shown in Figure 16.
For example, the cross-section of the core 1600 can be circular, oval, square, rectangular, etc.
Alternatively, the core 1600 can have other shapes. The core 1600 can be formed to have a
length that is approximately equal to the depth of the body portion 932 of the socket cavity
631, as shown in Figure 16.
[0055] As shown in Figure 17, the socket cavity 631 is formed in the socket body
630. The socket cavity 631 can be formed in the socket body 630 as described above in
connection with Figure 9. In the exemplary embodiment shown in Figures 16-21, the depth
of the socket body 630, i.e., the dimension along which the socket cavity 631 extends, can be
longer than the length of the core 1600, as described below.
[0056] As shown in Figure 18, the core 1600 can be affixed or coated with one or
more layers. In the exemplary embodiment, the external side surface, i.e., the external
surface that faces the internal surface of the socket cavity 631, of the core 1600 can be
coated. The core 1600 can be first coated with a first layer 1800 and then with a second layer
1801. Alternatively, the core 1600 can be coated with a single layer or with more than two
layers. Also, in the exemplary embodiment, the first layer 1800 can be plated onto the core
1600 with a plating alloy, and the second layer 1801 can be plated onto the first layer 1800
with another plating alloy. For example, the first layer 1800 can be formed of gold and can
have a thickness of approximately 0.5um to 3um. The second layer 1801 can be formed of
nickel and can have a thickness of approximately 3um to 10um or more. Alternatively, the
first layer 1800 can be formed of nickel or other plating alloy, and the second layer 1801 can
be formed of gold or other plating alloy. The plating alloy materials and thicknesses of the
respective layers can be determined based on the particular application.
[0057] As shown in Figure 19, the core 1600 with the layers 1800, 1801, as shown in
Figure 18, can be press fit into the socket cavity 631. For example, the core 1600 with the
layers 1800, 1801 can be press fit into the socket cavity 631 so that the external surface of the
second layer 1801 is proximal to and contacts the internal surface of body portion 932 of the
socket cavity 631. Since the depth of the socket body 630 is longer than the length of the
| core 1600 with the layers 1800, 1801 and since the ends of the core 1600 are exposed (not
covered by the layers 1800, 1801), it is not necessary to remove the ends of the core 1600 and
the layers 1800, 1801, as described in connection with Figure 12. As a result, the layers
1800, 1801 are press fit or compressed into the socket cavity 631, thereby affixing the

external surface of the second layer 1801 to the internal surface of the socket cavity 631.
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[0058] As shown in Figure 20, the core 1600 can be removed to form a socket shell
2000 having a shell cavity 2040. In the exemplary embodiment, the core 1600 can be
dissolved and/or removed chemically, for example, by chemical etching. During the
chemical etching process, a chemical solvent can be applied to the core 1600 (e.g., by
immersing the socket body 630 in the chemical solvent) to remove the core 1600 without
removing the layers 1800, 1801 or the socket body 630. For example, in the exemplary
embodiment, the chemical solvent can be a base solution, such as sodium hydroxide (NaOH)
or other solution that removes the aluminum alloy or other material used to form the core
1600, but does not remove the nickel, gold, or other plating alloy used to form the layers
1800, 1801 or the material used to form the socket body 630. Accordingly, after the core
1600 is removed, the layers 1800, 1801 and the socket body 630 remain to form the socket
shell 2000, and the internal surface of the first layer 1800 forms the shell cavity 2040 in the
socket shell 2000.

[0059] The layers 1000, 1001 form the shell layer 641, which can be embedded in the
socket body 630 and affixed to the internal surface of the socket cavity 631 due to the press
fitting of the core 1600 with the layers 1000, 1001 into the shell cavity 631 as described
above in connection with Figure 19. The entire external surface of the shell layer 641 (or a
portion thereof) faces and is isomorphic to the internal surface of the socket cavity 631 in the
socket body 630, and the external surface of the shell layer 641 (or a portion thereof) facing
the socket cavity 631 and the corresponding internal surface of the socket cavity 631 can be
in contact such that there is no gap between these surfaces.

[0060] As shown in Figure 21, the plungers 643 and the biasing device 644 can be
inserted into the socket cavity 2040, and the retainer 650 is inserted over the plunger tip 645.
In the exemplary embodiment, a first plunger 643 is inserted so that its plunger tip 645 is
inserted through the portion of the shell cavity 2040 formed by the socket cavity neck portion
934 and the plunger tail 646 is slidably disposed within the portion of the shell cavity 1340
formed by the socket cavity body portion 932. Then, the biasing device 644 and a second
plunger 643 can be inserted into the shell cavity 2040. The biasing device 644 can be
positioned between the respective plunger tails 646 of the two plungers 643, and the plunger
tail 646 of the second plunger 642 is slidably disposed within the portion of the shell cavity
2040 formed by the socket cavity body portion 932. Next, the retainer 650 is positioned
against the socket shell 2000 so that the plunger tip 645 of the second plunger 643 is inserted
through the retainer cavity 651. The retainer 650 can serve to hold and limit the sliding

movement of the plungers 643 and the biasing device 644 in the socket shell 2000. The
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plunger tail 646 of both plungers 643 can be formed so that at least a portion of the external
surface thereof is isomorphic to the internal surface of the shell cavity 2040, and the external
surface of the respective plunger tail 646 and the internal surface of the shell cavity 2040 can
be in contact such that there is no gap between these surfaces.

[0061] As described above in connection with Figures 16 and 18, the core 1600 can
be machined individually and then individually plated with the first and the second layers
1800, 1801. Alternatively, as shown in Figure 22, the core 1600 shown in Figure 16 can be
formed from a wire 2200. The wire 2200 can have a substantially constant-cross section. A
core 1600 can be cut off individually from the wire 2200, e.g., to form the cores 1600 of a
predetermined length, such as the core 1600 shown in Figure 16. Then, after cutting the core
1600 from the wire 2200, the core 1600 can be plated with the first and the second layers
1800, 1801, as shown in Figure 18. Alternatively, the wire 2200 can be plated with the first
and the second layers 1800, 1801 prior to cutting the cores 1600 from the wire 2200. When
the wire 2200 is plated prior to cutting the cores 1600 from the wire 2200, the step of plating
the core 1600 individually as shown in Figure 18 can be omitted.

[0062] Although Figures 17 and 19-21 show a single socket cavity 631 in the socket
body 630, multiple socket cavities 631 can be formed in the single socket body 630. The
multiple cores 1600 can be formed and layered, similar to the embodiment described above in
connection with Figures 16, 18, and 22, and press fit into respective socket cavities 631 of the
single socket body 630, similar to the embodiment described above in connection with Figure
19. There can be a one-to-one correspondence between each core 1600 and each socket
cavity 631. The entire socket body 630 can be immersed in the chemical solvent. The
chemical solvent can remove all cores 1600 in the single socket body 630, similar to the
embodiment described above in connection with Figure 20, to form the socket shell 2000
with the multiple shell cavities 2040. Then, one biasing device 644 and the pair of plungers
643 can be inserted into each shell cavity 2040 and a retainer 650 can be positioned against
the socket shell 2000 so that the plunger tips 645 can be inserted through the respective
retainer cavities 651 in the retainer 650, similar to the embodiment described above in
connection with Figure 21.

[0063] As described above, the core 800 (or 1600) can be used to form the socket
shell 1300 (or 2000). The core 800 (or 1600) can be formed to be strong enough to withstand
the forces exerted on it, such as the compression on the core 800 (or 1600) as it is inserted

into the socket cavity 631. For example, the core 800 (or 1600) can be formed of a particular
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material and/or with a particular shape to ensure that it is strong enough to withstand the
forces, and that is also capable of being chemically removed.

[0064] By press fitting or compressing the core 800 (or 1600) with the layers 1000,
1001 (or 1800, 1801) into the socket cavity 631, the socket shell 1300 (or 2000) can be
formed without a gap and/or with a tight fit between the socket body 630 and the embedded
shell layer 641 formed by the layers 1000, 1001 (or 1800, 1801). At least a portion of the
external surface of the shell layer 641 can be isomorphic to the internal surface of the socket
cavity 631. As aresult, the risk of deforming the shell layer 641 and/or the contact probe 640
(formed by the plungers 643 and the biasing device 644) as they are inserted into and
supported by the socket body 630 is reduced.

[0065] Also, since the shell layer 641 can be formed directly in the socket body 630,
as described above, certain steps that are typically performed when forming conventional
spring probes can be avoided, such as having to crimp the ends of the shell of each contact
probe.

[0066] It will be apparent to those skilled in the art that various modifications and
variations can be made in the disclosed systems and processes without departing from the
scope of the disclosure. That is, other embodiments will be apparent to those skilled in the
art from consideration of the specification and practice of the disclosure. It is intended that
the specification and examples be considered as exemplary only, with a true scope being

indicated by the following claims and their equivalents.
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Claims

What is claimed is:

1. A method of forming an electrical connector, the method comprising:

affixing at least one layer to a core such that the at least one layer is isomorphic to at
least a portion of on an external surface of the core;

press fitting the core with the at least one layer into a socket cavity in a socket body,
where the socket cavity comprises an internal surface;

removing the core from the socket cavity while leaving at least a portion of the layer
so that the layer forms a shell layer affixed to the internal surface of the
socket cavity, the shell layer further comprising a shell cavity with an internal
shell surface; and

inserting at least one plunger and a biasing device into the shell cavity so that a tail of
the at least one plunger is slidably received in the shell cavity and the biasing
device biases a tip of the at least one plunger away from the internal surface

of the shell cavity.

2. The method of claim 1, further comprising:
forming a plurality of neck portions in a wire such that the wire includes the plurality
of neck portions and a plurality of body portions;
cutting the core from the wire, the core including one of the neck portions and one of

the body portions.

3. The method of claim 1, further comprising cutting the core from a wire of

substantially constant cross-section.

4, The method of claim 1, wherein:
the internal surface of the socket cavity includes a neck portion and a body portion;
the external surface of the core with the at least one layer includes a neck portion and

a body portion; and
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10.

11.

12.

the core with the at least one layer is press fit into the socket cavity in the socket body
such that the neck portion of the external surface of the core with the at least
one layer is proximal to at least a portion of the neck portion of the internal
surface of the socket cavity and the body portion of the external surface of the
core with the at least one layer is proximal to at least a portion of the body

portion of the internal surface of the socket cavity.

The method of claim 1, wherein the layer is formed by plating a plating alloy.

The method of claim 5, wherein the plating alloy includes at least one material

selected from: gold and nickel.

The method of claim 5, wherein forming the layer includes:

plating a first layer formed of a first plating alloy on the external surface of the core;
and

plating a second layer formed of a second plating alloy on an external surface of the

first layer.

The method of claim 7, wherein the first plating alloy comprises gold and the second

plating alloy comprises nickel.

The method of claim 1, wherein the core with the at least one layer includes a first end

and a second end, at least one of the first end and the second end extending outward

from the socket body, the method further comprising:

removing at least a portion of the at least one of the first end and the second end
extending outward from the socket body.

The method of claim 1, wherein the core is removed by chemical etching.

The method of claim 1, wherein the core is removed by inserting the socket body into

a chemical solvent to dissolve the core.

The method of claim 1, wherein the core comprises an aluminum alloy.
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13.

14.

15.

16.

17.

18.

The method of claim 1, wherein:

the socket cavity in the socket body is one of a plurality of socket cavities in the
socket body, each socket cavity comprising an internal surface of a plurality
of internal surfaces;

the core is one of a plurality of cores, where the plurality of cores are press fit into the
plurality of socket cavities in the socket body, and where there is a one-to-one
correspondence between each core of the plurality of cores and each socket
cavity of the plurality of socket cavities; and

the plurality of cores are removed from the socket body by inserting the socket body
into a chemical solvent to dissolve the plurality of cores; and

the shell layer is one of a plurality of shell layers, where the plurality of shell layers
are affixed to the plurality of internal surfaces, and each shell layer comprises

a shell cavity of a plurality of shell cavities.

The method of claim 13, wherein:

the biasing device is one of a plurality of biasing devices, where the plurality of
biasing devices are disposed in the plurality of shell cavities; and

the at least one plunger is one of a plurality of plungers, where the plurality of

plungers are disposed in the plurality of shell cavities.
The method of claim 1, further comprising at least partially closing an open end of the
shell cavity using a retainer to limit sliding movement of at least one of the at least

one plunger and the biasing device in the shell cavity.

The method of claim 1, wherein the at least one plunger and the biasing device are

electrically connected.

The method of claim 1, wherein the tail of the at least one plunger is slidably received

in the shell cavity with substantially no gap between the tail and the shell.

The method of claim 1, wherein:

the shell cavity includes a first end and a second end; and
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19.

20.

21.

22.

23.

the at least one plunger includes a first plunger that extends through an opening in the
first end of the shell cavity and a second plunger that extends through an
opening in the second end of the shell cavity; and

the biasing device biases the tips of the first and second plungers away from the shell

cavity.

The method of claim 1, wherein the biasing device is a spring.

A method of forming an electrical connector, the method comprising:

forming a shell layer in a socket cavity in a socket body such that the shell layer is
secured inside the socket cavity by a press fit, the shell layer comprising a
shell cavity;

inserting at least one plunger and a biasing device into the shell cavity so that a tail of
the at least one plunger is slidably received in the shell cavity and the biasing
device biases a tip of the at least one plunger away from the shell cavity; and

at least partially closing an open end of the shell cavity using a retainer to limit sliding
movement of at least one of the at least one plunger and the biasing device in

the shell cavity.

The method of claim 20, further comprising:
affixing at least one layer to a core such that the at least one layer is isomorphic to at
least a portion of an external surface of the core;
wherein forming the shell layer in the socket cavity in the socket body includes:
press fitting the core with the at least one layer into the socket cavity in the
socket body; and
removing the core from the socket cavity while leaving at least a portion of the
layer so that the layer remains in the socket cavity to form the shell

layer.

The method of claim 21, wherein the core is removed by chemical etching.

The method of claim 21, wherein the core is removed by inserting the socket body

into a chemical solvent to dissolve the core.
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24.

25.

26.

27.

28.

29.

The method of claim 21, wherein:

an internal surface of the socket cavity includes a neck portion and a body portion;

an external surface of the core with the at least one layer includes a neck portion and a
body portion such that the neck portion of the external surface of the core
with the at least one layer is proximal to the neck portion of the internal
surface of the socket cavity and the body portion of the external surface of the
core with the at least one layer is proximal to the body portion of the internal

surface of the socket cavity.

The method of claim 20, wherein:

the socket cavity in the socket body is one of a plurality of socket cavities in the
socket body; and

the shell layer is one of a plurality of shell layers secured in the plurality of socket
cavities, where each shall layer of the plurality of shell layers comprises a

shell cavity of a plurality of shell cavities.

The method of claim 25, wherein:

the biasing device is one of a plurality of biasing devices, where the plurality of
biasing devices are disposed in the plurality of shell cavities; and

the at least one plunger is one of a plurality of plungers, where the plurality of

plungers are slidably received in the plurality of shell cavities.

The method of claim 20, wherein the at least one plunger and the biasing device are

electrically connected.

The method of claim 20, wherein the biasing device is a spring.

An electrical connector comprising:

a socket shell comprising a body having a socket cavity with an internal socket
surface extending through the body, and at least one shell layer having a shell
cavity and an external shell surface isomorphic to at least a portion of the
internal socket surface and affixed as a layer to at least said portion of the
internal socket surface, the at least one shell layer comprising a first shell
material; and
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30.

31.

32.

33.

34.

a contact probe comprising:
at least one plunger slidably received in the shell cavity and extending through
a first opening in a first end of the shell cavity, and

a biasing device configured to exert a biasing force on the at least one plunger.

The electrical connector of claim 29, wherein the at least one shell layer is press fit
into the socket cavity to affix the at least one shell layer to the portion of the internal

socket surface.

The electrical connector of claim 29, wherein the first shell material is selected from

at least one of: gold and nickel.

The electrical connector of claim 29, further comprising:
a retainer contacting the socket shell and configured to limit slidable movement of at
least one of: the at least one plunger and the biasing device within the shell

cavity.

The electrical connector of claim 29, further comprising:
a plurality of contact probes;
wherein the body comprises a plurality of socket cavities, each associated with at least

one of the plurality of contact probes.

The electrical connector of claim 29, wherein:

the internal socket surface includes a body portion and a neck portion, the neck
portion of the internal socket surface having a smaller cross-section than the
body portion of the internal socket surface;

the external shell surface includes a body portion and a neck portion, the neck portion
of the external shell surface being isomorphic to the neck portion of the
internal socket surface, and the body portion of the external shell surface
being isomorphic to the body portion of the internal socket surface; and

the body portion of the external shell surface is affixed as a layer to said body portion
of the internal socket surface, and the neck portion of the external shell

surface is affixed as a layer to said neck portion of the internal socket surface.
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35.

36.

37.

38.

39.

40.

The electrical connector of claim 34, further comprising.

the internal socket surface includes a shoulder portion connecting the body portion of
the internal socket surface and the neck portion of the internal socket surface;

the external shell surface includes a shoulder portion connecting the body portion of
the external shell surface and the neck portion of the external shell surface;
and

the shoulder portion of the external shell surface is affixed as a layer to said shoulder

portion of the internal socket surface.

The electrical connector of claim 29, wherein:

the at least one plunger includes a first plunger that extends through the first opening
in the first end of the shell cavity and a second plunger that extends through a
second opening in a second end of the shell cavity; and

the biasing device is configured to exert the biasing force on the first and second
plungers so that the first and second plungers are biased away from each

other.

The electrical connector of claim 36, wherein:

the electrical connector is an interconnector configured to electrically connect an
integrated circuit chip to a printed circuit board via the contact probe;

the first plunger is configured to electrically connect to the integrated circuit chip; and

the second plunger is configured to electrically connect to the printed circuit board.
The electrical connector of claim 29, wherein the electrical connector is an
interconnector configured to electrically connect an integrated circuit chip to a printed
circuit board via the contact probe.

The electrical connector of claim 38, wherein the at least one plunger includes a tail
that is slidably received in the shell cavity and a tip configured to contact one of the

integrated circuit chip and the printed circuit board to form an electrical connection.

The electrical connector of claim 29, wherein the biasing device is a spring.
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