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BELECTRICAL CONNECTOR WITH INSULATION MEMBER

Description

ITH INSULATION MEMBER.

Technical Field

[6001] The present disclosure relates generally to an electrical connector, and more
particularly, to materials, components, and methods directed 1o the fabrication and use of an

electrical connector with an insulation member.,

Background

{6042} In the electronics and semiconductor industries, systems used to test and
quality integrated circuit (IC) chips during the manufacturing process are conventionally
referred to as Mest systems.” Figs. 1 and 2 depict a test system 100, The test system 100
includes an electrical connector for providing an electrical connection between an IC chip
110 (which can be referred to as a “Device Under Test” or “DUT”) and a printed circuit
board (PCRB).

[0003] The test system 100 can include a socket body 120 defining a plurality of
cavities 121. Each cavity of the plurality of cavities 12] can receive one of a plurality of
spring probes 130, The test system 100 can also include a socket retainer 124.

{6004} Figs. 3-S5 depiot the spring probe 130. As shown in Fig. 3, the spring probe
130 can include a shell 331, a first plunger 340, and a second phwger 350. The shell 331 can
be tubular, and at least a portion of the first and second plungers 340 and 358 can be disposed
within the shell 331, The socket body 120 and the socket retainer 124 can position the spring
probes 130 such that the first plungers 340 electrically connect to conductive pads on the IC
chip 110, and the second plungers 350 electrically connect to conductive pads on the PCB.
{6603) As shown in Fig. 4, the first plunger 340 can include a p portion 441 that
extends away from the shell 331. The first plunger 340 can also include a flange 443 that
abuts the end of the shell 331 so that when a force is appiied to the first plunger 340 toward
the shell 331, the flange 443 pushes against the end of the shell 331 so that the first plunger
340 and the shell 331 move together. The second plunger 350 can include a tip portion 451

that extends outwardly from the sheli 331,



WO 2013/116077 | PCT/US2013/022893

{6066) As shown in Fig. 3, the first plunger 340 can also include a tail portion 542
inserted into the shell 331 and attached {o the shell 331 (e.g., using adhesive} so that the first
plunger 340 and the shell 331 move together. The flange 443 can be disposed between the tip
portion 441 and the tail portion 542. The second plunger 350 can also include a tail portion
552 inserted into the shell 331, The end of the shell 331 that receives the second plunger 350
can be crimped to refain the tail portion 552 of the second plunger 350 in the shell 331 so that
the tail portion 552 is slidable within the shell 331. The tip portion 451 can extend cutwardly
from the shell 331 away from the tail portion 552.

(6007} A spring 560 can be disposed between the two plungers 340 and 350. The
spring 560 can be capable of exerting a force against each plunger 340 aund 350 to bias the
second plunger 350 outwardly from the shell 331 and away from the first plunger 346. The
second plunger 350 can also be depressed inwardly into the shell 331 under a foree directed
inward against the spring 560. Thus, the first plunger 340 can be connected to the shell 331
to move with the shell 331, and the second plunger 350 can be slidable with respect to the
shefl 331.

[06808] Figs. 6 and 7 depict a spring probe 630 in which both plungers are slidable
with respect to the shell 331, As shown in Fig. 6, the spring probe 630 can include a shell
631, a first plunger 640, and the second plunger 350, The shell 631 can be tubular, and at
least a portion of the first and second plungers 640 and 350 are disposed within the shell 331,
The spring probe 630 can be positioned in the socket body 120 and the socket retainer 124
such that the first plungers 640 electrically connect to conductive pads on the IC chip 116,
and the second plungers 350 electrically connect to conductive pads on the PCB.

6609} The first plunger 640 can include a tip portion 641 that extends away from the
shell 631, As shown in Fig. 7, the first plunger 640 can also include a tail portion 742
inserted into the sheli 631, The end of the shell 631 that receives the first plunger 640 can be
crimped to retain the tail portion 742 of the first plunger 640 in the shell 631 so that the tail
portion 742 is slidable within the shell 631. The tip portion 641 can extend outwardly from
the shell 631 away from the tail portion 742.

[8818} The spring 560 can be disposed between the two plungers 640 and 350. The
spring 560 can be capable of exerting a force against cach plunger 640 and 350 outwardly
from the shell 631. Also, each of the plungers 640 and 350 can be depressed inwardly into
the shell 631 under a respective force divected inward against the spring 560. Thus, the first

and second plungers 640 and 350 can be slidable with respect to the sheli 631.
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[6811] The spring probe 130 or 630 can be formed from conductive materials, such as
copper alloy coated with gold, so that an electrical connection is formed between the first
plunger 340 or 640, the second plunger 350, and the shell 331 or 631, The socket body 120
and the socket retainer 124 can be formed from insulative plastic composite to insulate each
of the plurality of spring probes 130 or 630 from the others.

{6812} Figs. 8-10 depict a conventional test system 800 where a portion of the system
can provide a coaxial structure. The test system 800 can include an electrical connector for
providing an electrical connection between the IC chip 110 and the PCB (not shown). The
test system 800 can include a top socket layer 820 defining a plurality of cavities 821, a
center socket layer 822 defining a plurality of cavities 823, and a bottom sccket layer 824
defining a plurality of cavities 825. The top socket layer 820 and the bottom socket layer 824
can be configured to retain a plurality of the spring probes 830 within the cavities 823 in the
center socket layer 822. Also, each cavity 821 can align with one of the cavities 823 and one
of the cavities 825 to accommodate one of the plurality of the spring probes 830. The spring
probes 830 can be similar to either spring probes 130 or 630 described above, and can each
include a shell 1031, a first plunger 1040, and a second plunger 1050.

[6613] To provide a coaxial structure, the center socket layer 822 can be formed of
metal and electrically grounded. The impedance will be dependent on a diameter D1 of the
inner surface of the cavities 823 of the center socket layer 822 and a diameter D2 of the cuter
surface of the shell 1031 of the spring probe 830.

[0014] The top socket layer 820 and the bottom socket layer 824 can be constructed
from insulative plastic composite material. The top socket layver 820 and the bottom socket
layer 824 do not form a coaxial structure when combined with the spring probes 130 or 630

as they are formed from insulative materials,

Sumimary

{0015 In one aspect, the present disclosure is directed to a contact probe. The
contact probe can include a shell including a body having a shell cavity. The contact probe
can also include at feast one plunger slidably received in the shell cavity and extending
through at least one opening in at least one end of the shell. The contact probe can further
include a biasing device and at least one insufation member including an insulative material,

the biasing device being configured to exert a biasing force on the at least one plunger. The
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at least one insulation member can be disposed on at least a portion of an outer surface of at
least one of' the shell and the at least one plunger,

{0016} In another aspect, the present disclosure is directed to an electrical connecior
assembly. The electrical connector asserably can include a socket shell including a body
having a socket cavity. The electrical connector assembly can also include a contact probe
including a contact probe shell disposed in the socket cavity. The contact probe shell can
include a body having a shell cavity. The contact probe can also include at least one plunger
slidably received in the shell cavity and extending through at least one opening in at least one
end of the contact probe shell. The contact probe can further include a biasing device
disposed in the shell cavity and configured to exert a biasing force on the at least one plunger.
The contact probe can also include at least one insulation member including an insulative
material, where the insulation member is disposed in the socket cavity. The at least one
insulation member can be disposed on at least a portion of an outer surface of at least one oft
the contact probe shell and the at least one plunger.

(8617} In a further aspect, the present disclosure is directed to method of forming an
electrical connector. The method can include forming a contact probe. The contact probe
can be formed by inserting at least one plunger and a biasing device into a shell cavity in a
body of a shell so that a tail of the at least one plunger is slidably received in the shell cavity
and the biasing device ts configured to bias a tip of the at least one plunger away from the
shell cavity. The method can also include disposing at least one insulation member on at
least a portion of an outer surface of at least one of! the shell and the at least one plunger,
The at least one insulation member can include an insulative material,

{6018} 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 isto 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.
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Brief Description of the Drawings

{0019} The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate several embodiments of the inventicn and together with the

description, serve to explain the principles of the invention.

(0024} Fig. 1 is a cross-sectional view of a conventional test system;

{8021} Fig. 2 is an exploded perspective view of the test system of Fig. ;
8822} Fig. 3 is a detailed view of a portion of the test system of Fig. 1;
(6623} Fig. 4 is a side view of a spring probe;

[6024]) Fig. 5 is a cross-sectional view of the spring probe of Fig. 4;

{6625] Fig. 6 is a side view of another spring probe;

{6826] Fig. 7 is a cross-sectional view of the spring probe of Fig. 6;

{6627) Fig. 8 is a cross-sectional view of another conventional test system;
{0028} Fig. 9 is an exploded perspective view of the test system of Fig. 8;
{0029} Fig. 10 is a detaniled view of a portion of the test system of Fig, 8;
{00363 Fig. 11 is a side view of a contact probe, aceording to an exemplary
embodiment;

6031} Fig. 12 is a detailed view of a portion of the contact probe of Fig. 11;
[6032) Fig. 13 is a cross-sectional view of 2 portion of a test system including the

contact probe of Fig. 11;
{6633] Fig. 14 an exploded perspective view of the test system of Fig. 13;
{6034) Fig. 15 is a cross-sectional view of a test system including the contact probe of

Fig. 11, according to another exemplary embodiment;

{0035} Fig. 16 an exploded perspective view of the test system of Fig. 15;

{0036] Fig. 17 is a side view of a contact probe, according o another exemplary
emboediment;

{6837} Fig. 18 is a side view of a contact probe, according to another exemplary
embodiment;

{6638} Fig. 19 is a detailed view of a poriion of the contact probe of Fig. 18;
6039} Rig. 20 is a cross-sectional view of a portion of a test system including the

contact probe of Fig, 18;

[8640] Fig. 21 is a side view of a contact probe, according to another exemplary
embodiment;
{6041} Fig. 22 is a detailed view of a portion of the contact probe of Fig. 21;

.
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[6042] Fig. 23 is a cross-sectional view of a portion of a test system including the

contact probe of Fig, 21;

{60643) Fig. 24 is a side view of a contact probe, according to another exemplary
ermbodiment;

{0044] Fig. 2§ is a detailed view of a portion of the contact probe of Fig. 24; and
[0045] *ig. 26 is a cross-sectional view of a portion of a test system including the

contact probe of Fig. 24,
Detailed Description

[0046] Reference will now be made in detail fo 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 io the
same or like parts.

[8047] According to certain embodiments, an electrical connector or other
interconnector can transmit electrical signals between various devices, such as between an IC
chip and a PCB, main circuit board, motherboard, etc. 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 or other electrical connector assembly
for testing an 1C chip. In the test system, the electrical connector can electrically connect the
IC chip to a PCB used for testing the IC chip.

[0048] Figs, 11-16 show a contact probe 1130 forming an electrical connection,
according to an exemplary embodiment. As shown in Fig, 11, the contact probe 1130 can
include a shell 1131, & first plunger 1140 located at a first end of the shell 1131, and a second
plunger 1159 located at a second end of the shell 1131, The shell 1131 can be tubular (e.g.,
cylindrical or baving a cross-section with a shape, such as a cireular, oval, square,
rectanguiar, or other shape). At least a portion of the first and second plungers 1140 and
1150 can be disposed within the shell 1131 as described below.

{8049} The first plunger 1140 can include a tip portion 1141 that extends outwardly
from the shell 1131, and the tip portion 1141 can be configured to contact and elecirically
connect to conductive pads of a DUT, e.g., on an [C chip. The first plunger 1140 can be
attached to the shell 1131 so that the first plunger 1140 and the shell 1131 move together.

For example, the first plunger 1140 can include a tail portion (not shown) inserted into the
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shell 1131 and attached to the shell 1131 (e.g,, using adhesive, by deforming the shell 1131
{e.g., by using a punch), etc.) so that the first plunger 1140 and the shell 1131 move together.
{00501 The second plunger 1150 can also include a tip portion 1151 that extends
outwardly from: the shell 1131, and the tip portion 1151 is configured to contact and
electrically connect to conductive pads, e.g., on a PCB. The second plunger 1130 can also
include a tail portion (not shown) inserted into the shell 1131, The end of the shell 1131 that
receives the second plunger 1150 can be crimped to retain the tail portion of the second
plunger 1130 in the shell 1131 so that the tail portion is slidable within the shell 1131. The
tip portion 1151 extends outwardly from the shell 1131 away from the tail portion.

[6651] A spring {not shown) can be disposed between the two phingers 1140 and
1150, The spring can be capable of exerting a force against each plunger 1140 and 1150 to
bias the second plunger 1150 cutwardly from the shell 1131 and away from the first plunger
1140, The second plunger 1150 can also be depressed inwardly into the shell 1131 undera
force directed inward against the spring. Thus, in the embodiment shown in Figs. 11-16, the
first plunger 1140 is connected to the shell 1131 to move with the shell 1131, and the second
plunger 1150 is slidable with respect to the shell 1131.

{0052] The first plunger 1140, the second plunger 1150, and the shell 1131 can be
formed of conductive materials {e.g., copper alloy coated with gold) so that an electrical
connection is formed between the first plunger 1140, the second plunger 1130, and the shell
T3t

[8053] An insulation member 1170 can be connected to the first plunger 1140 and/or
the shell 1131, In Figs. 11-16, the insulation member 1170 is depicted as surrounding the
first plunger 1140 and adjacent to the shell 1131, In alternative embodiments consistent with
this disclosure, the insulation member 1170 can surround both the first plunger 1140 and the
shell 1131 or just the shell 1131, In an embodiment, the insulation member 1170 can be a
ring formed of an insulative material, such as polytetrafiuoroethylene (PTFE} (conventionally
known, for example, by the Du Pont brand name Teflon®) or other nonconductive material,
such as plastic, polymer, rubber, etc. The insulation member 1170 can have an outer surface
having a peripheral dimension (e.g., an outer diameter) that is greater than a peripheral
dimension {e.g., outer diameter) of an ouvter surface of the first plunger 1140 and/or the shell
1131, The outer surface of the insulation member 1170 can have a similar shape (but larger)
as an outer surface of the first plunger 1140 and/or the shell 1131 (e.g., having a cross-section
with a shape, such as a circular, oval, square, rectangular, or other shape). In an exemplary
embodiment, the insulation member 1170 can have a circular outer cross-section and an axis
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that is substantially parallel to an axis of the first plunger 1140 and/or the shell 1131, Also,
the insulation member 1170 can have end surfaces that are substantially perpendicular to the
axis of the insulation member 1170, the first plunger 1140, and/or the shell 1131, The
dimensions of the insulation meraber 1170 and of the shell 1131 and/or the tip portion 1141
can be determined based on a desired coaxial structure of the test system as described below.,
j6054] Fig. 12 shows a cross-section of the insulation member 1170 in an
embodiment. The insulation member 1170 can inclade a through-hole or opening 1271
configured to allow the insulation member 1170 to be disposed on the first plunger 1140
and/or the shell 1131. As depicted in Fig. 12, the insulation member 1170 can be disposed on
an outer surface of the tip portion 1141 of the first plunger 1140. The tip portion 1141 can
include a narrowed section 1244 on the outer surface thereof for positioning and receiving the
insufation member 1170. The narrowed section 1244 can be a cut or groove formed in at
least a portion of the periphery of a section of the tip portion 1141, In the depicted
embodiment, the narrowed section 1244 can be a U-shaped cut that extends around the entirc
periphery of a section of the tip portion 1141, Alternatively, the cut or groove can have &
cross-section with a different shape, and/or the cut or groove can extend only around a2
portion {e.g., a majority, at least half, less than half, etc.) of the periphery of the section of the
tip portion 1141. Alternatively, the narrowed section 1244 can be formed on an outer surface
of the shell 1131 and/or on another outer surface of the first phunger 1140 {e.g., an outer
surface of a portion connected to the tip portion 1141). To position the insulation member
1170 on the tip portion 1141 of the first plunger 1140, the free end of the tip portion 1141
(opposite the tail portion) can be inserted through the opening 1271 in the insulation member
1170 until the insulation member 1170 is seated in the narrowed section 1244,

[B055] Instead of {or in addition to) providing the narrowed section 1244 for holding
the insulation member 1170 in place, the insulation member 1170 can be held in position due
to a compression it of the insulation member 1170 on the cuter surface of the first plunger
1140 and/or the shell 1131, The insulation member 1170 can be formed of a resilient
material, and can be connected to the outer surface of the first plunger 1140 and/or the shell
1131 due to a radially compressive foree exhibited by the insulation member 1170 when
pulled onto the first plunger 1140 and/or the shell 1131, For example, the opening 1271 of
the insulation member 1170 can have a smaller inner dimension {e.g., inner diameter) than an
outer dimension (e.g., outer diameter) of the tip portion 1141. The free end of the tip portion
1141 can be inserted through the opening 1271 in the insulation member 1170, thereby

causing the insulation member 1170 fo expand or stretch (o fit arcund the tip portion 1141,
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The clasticity of the insulation member 1170 can provide a compressive radiaf pressure or
force on the tip portion 1141 such that the insulation member 1170 can be held in place on
the tip portion 1141, Alternatively, or in addition to the method{s) described above, the
insulation member 1170 can be held in position using adhesive or other attachment methods.
[6856] Figs. 13 and 14 show the contact probe 1130 positioned in a socket (or socket
shell} assembly including a fop portion, such as a socket body 1328, and a bottom portion,
such as a socket retainer §324, to form an electrical connector assembly. The socket body
1320 can define a plurality of cavities 1321, The cavities 1321 can each receive one of 2
plurality of the contact probes 1130. The socket retainer 1324 can be configured to retain the
plurality of contaet probes 1130 within the respective cavities 1321, The socket retainer 1324
can also define cavities 1323 corresponding to the cavities 1321 of the socket body 1320 so
that the cavities 1321 in the socket body 1320 can align with the cavities 1325 in the socket
retainer 1324, The contact probes 1130 can be held within the corresponding cavities 1321
and 13235 in an array.

{0057} Portions of the socket assembly (e.g., the socket body 1320 and/or the socket
retainer 1324} can be formed from conductive material, such as a metal, e.g., one or more of
Al, Mg, Ti, Zr, Cu, Fe and/or an alloy of the same, ete. Alternativety, such portions the
socket assembly can be formed from conductive materials (e.g., one or more of A}, Mg, Ti,
Zr, Cu, Fe and/or an alloy of the same, ¢tc.} with a layer of insulative material (e.g., a layer or
coating of PTFE) formed on an inner surface defining the cavities 1321 and 1325,

[6058] Figs. 15 and 16 show the contact probes 1130 positioned in a socket {or socket
shell) assembly according to another exemplary embediment to form an electrical connector
assembly. The socket can include a top socket layer 1520 defining a plurality of cavities
1521, a center socket [ayer 1522 defining a plurality of cavities 1523, and a bottom socket
fayer 1524 defining a plurality of cavities 1525. The top socket layer 1520 and the bottom
socket layer 1524 can be configured to retain a plurality of the contact probes 1130 within the
cavities 1523 in the center socket layer 1522. Also, each cavity 1521 can align with one of
the cavities 1523 and one of the cavities 1525 to accommodate one of the plurality of the
contact probes 1130. The contact probes 1130 can be held within the corresponding cavities
1521, 1523, and 1325 in an arcay.

{6035] Portions of the socket assembly (e.g., the top socket layer 1520, the center
socket Jayer 1522, and/or the bottom socket layer 1524) can be formed from conductive
material {e.g., one or more of Al, Mg, Ti, Zr, Cy, Fe and/or an alloy of the same, ete.) with or
without a layer of insulative material (e.z., a layer or coating of PTFE) formed on an inner
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surface defining the cavities 1521, 1523, and 1525, In an embodiment, the center socket
layer 1522 can be formed from conductive material, and the top socket layer 1520 and the
bottom socket layer 1524 can be formed of insulative material.

[0068] The socket assembly (e.g., the socket body 1320 and the socket retainer 1324;
or the top socket layer 1520, the center socket layer 1522, and the bottom socket layer 1524)
can position the contact probes 1130 such that the first plungers 1140 contact and electrically
connect to conductive pads on a DUT (e.g., an IC chip 1410 {Figs. 14-16)), and the second
plungers 1150 contact and electrically connect to conductive pads on a PCB, main circuit
board, motherboard, etc. The first plunger 1140, the shell 1131, and the insulation member
1170 can move up and down (axially) with respect to the second plunger 1130 due to external
axial forces acting on the first plunger 1140 {e.g., via contact with the IC chip 1410).
Likewise, the second plunger 1150 can move up and down {axially) with respect to the first
plunger 1140, the shell 1131, and the insulation member 1170 due to external axial forces
acting on the second plunger 1150 (e.g., via contact with a PCB). As any of these
components (e.g., the first plunger 1140, the shell 1131, and the insulation member 1170
together, the second plunger 1150, ete.) of the contact probe 1130 move, the insulation
member 1170 holds the contact probe 1130 substantially straight and in alignment in the
socket (e.g., the socket body 1320 and the socket retainer 1324} to prevent the first plunger
1140, the second plunger 1150, and the shell 1131 from contacting the socket assembly.
[0061] The number of contact probes 1130 (and corresponding number of cavities
1321 and 1323, or cavities 1521, 1523, and 1325} can depend, e.g., on the desired data rate,
the structure of the IC chip, the PCB, or other device being slectrically connected by the
electrical connector, etc. For example, less than ten to over one thousand contact probes
1130 can be provided.

[8862] Fig. 17 shows a contact probe 1730 forming the electrical connection,
according to another exemplary embodiment. The contact probe 1730 is similar to the
contact probe 1130 shown in Figs. 11-16 except that an insulation member 1770 (instead of
the insulation member 1170) is connected to the first plunger 1140 and/or the shell 1131,
The insulation member 1770 can be similar to the insulation member 1170 shown in Figs. 11-
13 except that the insulation member 1770 can have end surfaces that are tapered toward the
axial ends of the insulation member 1170,

{0063) Also, as shown in Fig, 17, the first plunger 1140 can be attached fo the shell
1131 by deformuing the shell 1131 so that the first plunger 1140 and the shell 1131 are

connected. The tail portion (not shown) of the first plunger 1140 can be inserted into the
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shell 1131, and a punch or other instrument can be used to press into the portion of the shell
1131 overlapping the tail portion of the first plunger 1140. As a result, the material of the
shell 1131 is pressed into the tail portion of the first plunger 1140 to form depressions or
holes 1732 in the shell 1131, thereby attaching the shell 1131 to the first plunger 1140.
{8064] Figs. 18-20 show a contact probe 1830 forming the electrical connection,
according to another exemplary embodiment. The contact probe 1830 can include similar
components as the contact probe 1130 (Figs. 11-16) or 1730 (Fig. 17) described above except
that the contact probe 1830 includes one or more insulation members disposed on the shell
1131 as described below, e.g., in addition to an insulation member disposed on the first
plunger and/or the shell 1131 as described above.

[6065] As shown in Fig, 18, the contact probe 1830 includes the shell 1131 and the
second plunger 1150 located at the second end of the shell 1131, which are described above
and shown in Figs. 11-13. The contact probe 1830 can include a first plunger 1840, which is
located at the first end of the shell 1131, The first plunger 1840 can include a tip portion
1841 that extends outwardly from the shell 1131, and the tip portion 1841 can be configured
to contact and electrically connect to conductive pads, e.g., a DUT, such as the IC chip 1410
(Figs. 14-16). The [rst plunger 1840 can be attached to the shell 1131 so that the first
plunger 1840 and the shell 1131 move together. For example, the first plunger 1840 can
include a tail portion {not shown} inserted into the shell 1131 and attached to the sheif 1131
(e.g., using adhesive, by deforming the sheil 1131 (e.g., by using a punch), etc.) so that the
first plunger 1840 and the shell 1131 move together.

[6066] The first plunger 1840 can also include a flange 1843 that abuts the end of the
shelf 1131 so that when a force is applied to the first plunger 1840 toward the shell 1131, the
flange 1843 pushes against the end of the shell 1131 so that the first plunger 1840 and the
shell 1131 move together. The flange 1843 can be disposed between the tip portion 1841 and
the tail portion, Alternatively, the flange 1843 may be omitted,

[6867] A spring {not shown) can be disposed between the two plungers 1840 and
1150. The spring can be capable of exerting a force against each plunger 1840 and 1150 to
bias the second plunger 1150 outwardly from the shell 1131 and away from the first plunger
1840. The second plunger 1150 can also be depressed inwardly into the shell 1§31 undera
force directed inward against the spring. Thus, the first plunger 1840 is connected to the shell
1131 to move with the shell 1131, and the second plunger 1150 is slidable with respect to the
shell 1131,
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{0068] One or more insulation members 1870 can be connected to the shell 1131, In
the depicted embodiment, two insulation members 1870 are provided. One of the insulation
members 1870 can be provided closer o the first end of the sheli 1131 and the other
insulation member 1870 can be provided closer to the second end of the shell 1131.
Alternatively, raore than two insulation members 1870 can be provided. The insulation
members 1870 can be generally similar in size, shape, and materials as the insulation member
1170 (Figs. 11-13) or 1770 {Fig. 17) described above, except that at least ong of the
insulation members 1870 is located on the shell 1131 instead of a plunger. In the
embodiment shown in Fig. 18, two insulation members are located on the shelfl 1131, and
none are located on the first plunger 1840,

[8669] Fig. 19 shows a cross-section of the insulation member 1870 that is closer to
the first end of the shell 1131, Similar to the insulation member 1176 (Figs. 11-13) or 1770
(Fig. 17) described above, the insulation member 1870 can include a through-hole or opening
1971 configured to allow the shell 1131 to be inserted into the insulation member 1870, and
the insulation member 1870 can be held in position due to a compression fit of the insulation
member 1870 on the outer surface of the shell 1131, The insulation member 1870 can be
formed of a resilient material, and can be connected {o the outer surface of the first plunger
1840 and/or the shell 1131 due to a radially compressive force exhibited by the insulation
member 1870 when puiled onto the first phmger 1840 and/or the shell 1131, For example,
the opening 1971 of the insulation member 1870 can have a smaller inner dimension {e.g.,
inner diameter) than an outer dimension (e.g., outer diameter) of the shell 1131, The first end
of the shell 1131 can be inserted through the opening 1971 in the insulation member 1870,
thereby causing the insulation member 1870 to expand or stretch to it around the shell 1131,
The elasticity of the insulation mernber 1870 can provide a compressive radial pressure or
force on the shell 1131 such that the insulation member 1870 can be held in place on the sheli
1131, Alternatively, or in addition to the method(s) described above, the insulation member
1870 can be held in position using adhesive or other attachment methods.

18678) Fig. 20 shows the contact probe 1830 positioned in a socket assembly similar
to the socket assembly described above in connection with Figs. 13 and 14 (e.g., inciuding
the socket body 1320 and the socket retainer 1324) to form an electrical connector assembly.
Aliernatively, the contact probe 1830 can be positioned in a socket assembly similar to the
socket assembly described above in connection with Figs. 15 and 16 (e.g., including the top
socket fayer 1520, the center socket layer 1522, and the bottom socket layer 1524) to form an

glectrical connector assembly. The first plunger 1840, the shell 1131, and the insulation
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member(s) 1870 can move up and down (axially) with respect to the second plunger 1150
due to external axial forces acting on the first plunger 1840 (e.g., via contact with a DUT,
such as the IC chip 1410 (Figs. 14-16)). Likewise, the second plenger 1150 can smove up and
down (axially) with respect to the first plunger 1840, the shell 1131, and the insulation
member(s) 1870 due to external axial forces acting on the second plunger 1150 (e.g., via
contact with a PCB). As any of these components {e.g., the first plunger 1840, the shell
1131, and the insulation member(s) 1870 together, the second plunger 1150, eic.) of the
contact probe 1830 move, the insulation member(s) 1870 hold the contact probe 1830
substantially straight and in alignment in the socket assembly (e.g., the socket body 1320 and
the socket retainer 1324; or the top socket layer 1520, the center socket layer 1522, and the
bottom socket layer 1524) to prevent the first plunger 1840, the second plunger 1150, and the
shell 1131 from contacting the socket assembly.

18671] Figs. 21-23 show a contact probe 2130 forming the electrical connection,
according to another exemplary embodiment. The contact probe 2130 can be similar to the
contact probe 1830 (Figs. 18-20) described above except that both plungers of the contact
probe 2130 are slidable with respect to the shell as described below.

{8972] As shown in Fig. 21, the contact probe 2130 includes a shell 2131 and a first
plunger 2140 located at a first end of the shell 2131, The contact probe 2130 can also include
the second plunger 1150 {described above and shown in Figs. 11-13) located at the second
end of the shelf 2131, The shell 2131 can be similar to the shell 1131 described above and
shown in Figs, 11-13 and 17 except that the shell 2131 slidably receives at least a portion of
both the first plunger 2140 and the second plunger 1150.

{0073} The first plunger 2140 can include a tip portion 2141 that extends outwardly
from the shell 2131, and the tip portion 2141 can be configured to contact and electrically
connect to conductive pads, e.g., on a DUT, such as the IC chip 1410 (Figs. 14-16). The first
plunger 2140 can also include a tail portion (not shown) inserted into the shell 2131, The
first end of the shell 2131, which receives the first plunger 2140, can be crimped to retain the
tail portion of the first plunger 2140 in the shell 2131 so that the tail portion is slidable within
the shell 2131, The tip portion 2141 extends outwardly from the shell 2131 away from the
tail portion. Accordingly, the first plunger 2140 can be similar to the second plunger 1150
since both plengers 2140 and 1150 include {ail portions that are slidably received in the shell
2131.

{06741 A spring (not shown) can be disposed between the two plungers 2140 and

1150, The spring can be capable of exerting a force against each plunger 2140 and £150

-13-



WO 2013/116077 PCT/US2013/022893

outwardly from the shell 2131, and also each of the plungers 2140 and 1150 can be depressed
inwardly into the shell 2131 under a respective force divected inward against the spring.
Thus, the first and second plungers 2140 and 1150 are slidable with respect to the shell 2131,
[6075] One or more of the insulation members 1870 described above and shown in
Figs. 18-20 can be connected fo the shell 2131, In the depicted embodiment, two insulation
members 1870 are provided. One of the insulation members 1870 can be provided closer to
the first end of the shell 2131 and the other insulation member 1870 can be provided closer to
the second end of the shell 2131, Fig, 22 shows a cross-section of the insulation member
1870 that is closer to the first end of the shell 2131,

[6676] Fig. 23 shows the contact probe 2130 positioned in a socket assembly similar
to the socket assembly described above in connection with Figs, 13 and 14 {e.g., including
the socket body 1320 and the socket retainer 1324) to form an elecirical connector assembly.
Alternatively, the contact probe 2130 can be positioned in a socket assembly similar {o the
socket assembly described above in connection with Figs. 15 and 16 (e.g., including the top
socket layer 1520, the center socket layer 1522, and the bottom socket layer 1524) to form an
electrical connector assembly. The first plunger 2140 can move up and down (axially) with
respect to the sheil 2131 and the insulation member(s) 1870 due to external axial forces
acting on the first plunger 1840 {(e.g., via contact with a DUT, such as the IC chip 141 (Figs.
14-16)). Likewise, the second plunger 1150 can move up and down (axially) with respect o
the shell 2131 and the insulation member(s) 1870 due to external axial forces acting on the
second plonger 1150 {e.g., via contact with a PCB). The first and second plungers 2140 and
1150 can move independently from each other, and the shell 2131 and the insulation
member{s) 1870 can be held approximately motionless with respect to the socket assembly
(e.g., including the socket body 1320 and the socket retainer 1324; or the top socket layer
1520, the center socket layer 1522, and the bottom socket layer 1524) and the plungers 2140
and 1150. As the first plunger 2140 and/or the second plunger 1150 move, the insulation
member(s) 1870 hold the shell 2131 substantially straight and in alignment with the socket
assembly. |

8677] Figs. 24-26 show a contact probe 2430 forming the electrical connection,
according to another exemplary embodiment. The contact probe 2430 can include similar
gomponents as the contact probe 1130 (Figs. 11-16) or 1730 (Fig. 17) described above except
that the contact probe 2430 includes one or more insulation members disposed on the second

plunger as described below.
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{6878} As shown in Fig. 24, the contact probe 2430 includes the shelt 1121 and the
first plunger 1140 focated at the first end of the sheli 1131, which are described above and
shown in Figs. 11-13. As described above, the first plunger 1140 can be attached to the shell
1131 so that the first plunger 1140 and the shell 1131 move together,

{0079] The contact probe 2430 includes a second plunger 2450, which is located at
the second end of the shell 1131 and which is similar to the second plunger 1150 described
above and shown in Figs. 11, 13, 17, 18, 20, 21, and 23. At least a portion of the first and
second phumgers 1140 and 2450 can be disposed within the shell 1131, The second planger
2450 can include a tip portion 2451 that extends outwardly from the shell 1131, and the tip
portion 2431 is configured to contact and electrically connect to conductive pads, e.g., ona
PCB. The second plunger 2450 can also include a tail portion (not shown} inserted into the
shell 1131, The second end of the shell 1131, receives the second plunger 2450, can be
crimped to retain the tail portion in the shell 1131 so that the tail portion is slidable within the
shell 1131, The tip portion 2451 extends outwardly from the shell 1131 away from the tail
portion.

{6680} A spring (not shown) can be disposed between the two plongers 1140 and
2450. The spring can be capable of exerting a force against each plunger 1140 and 2450 to
bias the second plunger 2450 outwardly from the shell 1131 and away from the first plunger
1140, The second plunger 2450 can also be depressed inwardly into the shell 1131 under a
force directed inward against the spring. Thus, the first plunger 1140 is connected to the shell
1131 1o move with the shefl 1131, and the second plunger 2450 is slidable with respeet to the
shell 1131,

[6081] In the emnbodiment depicted in Fig. 24, the insulation member 1170, which is
described above and shown in Figs. 11-13, can be connected to the first plunger 1140.
Alternatively, an insulation member could be connected to the shell 1131 or both the shell
1131 and the first plunger 1140. Alternatively, or in addition, the insulation member 1770
(Fig. 17) can be connected to the first plunger 1140 and/or to the shell 1131, and/or the
insulation member(s) 1870 (Figs. 18-23) can be connected to the shell 1131, The first
plunger 1140 can be substituted by the first plunger 1840 described above and shown in Figs.
18-20, or the first plunger 2140 described above and shown in Figs. 21-23.

[6082] In an exemplary embodiment, an insulation member 2470 can be connected to
the second plunger 2450. The insulation member 2470 can be generally similar in size,

shape, and materials as the insulation member 1170 (Figs. 11-13) or 1770 (Fig. 17) described

-15-

~



WO 2013/116077 PCT/US2013/022893

above, except that the lnsulation member 2470 is located on the second phunger 2450 instead
of the first plunger 1140,

{6083} Fig. 25 shows a cross-section of the insulation member 2470, Similar to the
insulation member 1170 (Figs. 11-13) or 1770 (Fig. 17) described above, the insulation
member 2470 can include a through-hole or opening 2371 configured to allow the insulation
member 2470 to be disposed on the second plunger 2140, In the exemplary embodiment, the
insulation member 2470 is disposed on an outer surface of the tip portion 2451 of the second
plunger 2450. The tip portion 2451 can include a narrowed section 2554 on the outer surface
thereof for positioning and receiving the insulation member 2470, The narrowed section
2554 can be similar to the narrowed section 1244 described above and shown in Fig. 12, To
position the insulation member 2470 on the tip portion 2451 of the second plunger 2450, the
free end of the tip portion 2451 (opposite the tail poriion) can be inserted through the opening
2371 in the insulation member 2470 until the insulation member 2470 is seated in the
narrowed section 2554. Instead of (or in addition to) providing the narrowed section 2554 for
holding the insulation member 2470 in place, the insulation member 2470 can be held in
position due to a compression fit of the insulation member 2470 on the outer surface of the
second plunger 2450, as described above in connection with the insulation member 1176
positioned on the first phunger 1140 and/or the shell 1131.

[0884] Fig. 26 shows the contact probe 2430 positioned in a socket assembly similar
to the socket assembly described above in connection with Figs. 13 and 14 {e.g., including
the socket body 1320 and the socket retainer 1324) to form an electrical connector assembly.
Alternatively, the contact probe 1830 can be positioned in a socket assembly similar to the
socket assembly deseribed above in connection with Figs, 15 and 16 {e.g., including the top
socket layer 1520, the center socket layer 1522, and the bottom socket layer 1524} fo form an
clectrical connector assembly, The first plunger 1140, the shell 1131, and the insulation
member 1170 can move up and down {axially} with respect to the second plunger 2450 and
the insulation member 2470 due to external axial forces acting on the first plunger 1140 (e.g.,
via contact with a DUT, such as the IC chip 1419 {(Figs. 14-16)). Likewise, the second
plunger 2430 and the insulation member 2470 can move up and down {axially) with respect
to the first plunger 1140, the shell 1131, and the insulation member 1170 due to external axial
forces acting on the second plunger 2450 (e.g., via contact with a PCB).

[0685] The insulation member 2470 can be located in the cavity 1325 in the socket
retainer 1324 (or the cavity 1525 in the bottom socket layer 1542) when the contact probe

2430 is positioned in the socket assembly. As any of these components (.., the first plunger
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1140, the shell 1131, and the insulation member 1170 together, the second plunger 2450 and
the jnsulation member 2470 together, ete.) of the contact probe 1130 move, the insulation
members 1170 and 2470 hold the contact probe 2430 substantially straight and in alignment
in the socket assembly (e.g., the socket body 1320 and the socket retainer 1324; or the top
sacket layer 1520, the center socket layer 1522, and the bottom socket layer 1524),

[6686] Accordingly, in the various embodiments, the contact probe 1130, 1730, 1830,
2130, or 2430 can include one or more insulation members 1178, 1770, 1870, and/or 2470
located on the first plunger 1140, the shell 1131 or 2131, and/or the second plunger 2450.
The insulation members 1170, 1770, 1870, and/or 2470 hold the respective contact probe
113Q, 1730, 1830, 2130, or 2430 in position in the socket assembly {e.g., the socket body
1329 and the socket retainer 1324; or the top socket layer 1520, the center socket layer 1522,
and the bottom socket layer 1524). As a result, tiiting of the contact probe 1130, 1730, 1830,
2130, or 2430 in the socket assembly can be reduced or prevented, Also, contact between the
contact probe 1130, 1730, 1830, 2130, or 2430 and the socket assembly (e.g., the socket body
1320 and the socket retainer 1324; or the top socket layer 1520, the center socket layer 1522,
and the bottom socket layer 1524) can be reduced or prevented. Thus, while electrical
current is transmitted through the contact probe 1130, 1730, 1830, 2139, or 2430 (e.g., the
shell, the first plunger, and the second plunger), the insulation members 1176, 1770, 1870,
and/or 2470 can prevent an electrical short between the contact probe 1130, 1730, 1830,
2130, or 2430 and the socket assembly {e.g., the socket body 1320 and the socket retainer
1324; or the top socket layer 1520, the center socket laver 1522, and the bottom socket layer
1524). Bven if the socket assembly includes a layer of insulative material separating the
contact probe 1130, 1730, 1836, 21390, or 2430 from the portions of the socket assembly that
are formed from conductive material, the insulation members 1170, 1770, 1870, and/or 2470
can prevent an electrical short if any breaks are formed in the insclative layer,

{06087} The insufation members 1170, 1770, and/or 2470 provided on the first plunger
1140 and/or the second plunger 2450 can also be larger than the respective openings in the
socket assembly (e.g., the socket body 1320 and the socket retainer 1324; or the top socket
tayer 1520, the center socket layer 1522, and the bottom socket layer 1524) through which
the tip portions 1141 andfor 2451 of the respective plungers 1140 and/or 2450 extend. Asa
result, the plungers 1140 and/or 2430 can be prevented from inadvertently passing through
openings in the socket assembly.

[0088] The insulation member 1170, 1770, 1870, andfor 2470 can have an outer

surface having a peripheral dimension (e.g., an outer diameter) that is greater than a
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peripheral dimension (e.g., cuter diameter) of an outer surface of the first plunger 1140, the
shel 1131 or 2131, and/or the second plunger 2450 to which the insulation member 1170,
1770, 1870, and/or 2470 is aitached. In an embodiment, the outer diameter of the insulation
mentber 1176, 1770, 1870, and/or 2470 can be approximately 0.6 miilimeters and the outer
diamster of the outer surface of the shell 1131 or 2131 can be approximately 0.3 millimeters.
The outer diameter of the insulation member 170, 1770, 1870, and/or 2470 can be at least
approximately twice as large as the outer diameter of the first plunger 1140 (e.g., narrowed or
non-narrowed sections of the tip portions), the shell 1131 or 2131, and/or the second plunger
2450 (e.g., narrowed or non-narrowed sections of the tip portions). Aliernatively, the outer
diameter of the insulation member 1170, 1770, 1870, and/or 2470 can'be at least 25%, 50%,
or 75% larger than the outer diameter of the first plunger 1140 (e.g., narrowed or non-
narrowed sections of the tip portions), the shell 1131 or 2131, and/or the second plunger 2450
{e.g., narrowed or non-narrowed sections of the tip portions). The insulation member 1170,
1770, 1870, and/or 2470 can bave a cross section that spang at least a majority of an area
between the socket assembly and the outer diameter of the first plunger 1140 (e.g., nacrowed
or non-narrowed sections of the tip portions), the shell 1131 or 2131, and/or the second
plunger 2450 (e.g., narrowed or non-narrowed sections of the tip portions). The dimensions
of the insulation member 1170, 1770, 1870, and/or 2470 and the first plunger 1140 (e.g.,
narrowed or non-narrowed sections of the tip portions), the shell 1131 or 2131, and/or the
second phinger 2450 (e.g., narrowed or non-narrowed sections of the tip portions) can be
determined based on the desired coaxial structure of the test system. For example, an
impedance provided by a coaxial structure can be controlled by providing a desired ratio
between a diameter D3 as shown in Fig, 13 of the inner surface of the cavities 1321 of the
socket body 1320 (or a diameter DS (Fig. 13) of the inner surface of the cavity 1523 of the
center socket layer 1522 of Figs. 15 and 16, depending on the type of socket assembiy) and a
diameter D4 of the outer swrface of the shell 1131 of the contact probe 1130, 1730, 1830, or
2430 {or shell 2131 of the contact probe 2130j (e.g., the ratic 133/D4 or D3/D4).

{6089} 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 specitfication and practice of the disclosure. It is intended that
the specification and examples be considered as exemplary only, with a true scope being

indicaled by the following claims and their equivalents.
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CLAIMS

L. A contact probe comprising:

a shell comprising a body having a shell cavity;

at least one plunger received in the shell cavity and extending through at least one
opening in at least one end of the shell; and

at least one insulation member comprising an insulative material, an outer surface of at
least one of the shell and the at least one plunger is configured to exhibit a narrowed region about
at least a portion of a periphery thereof bounded by at least one non-narrowed region about the
periphery thereof, the narrowed region and the at least one non-narrowed region being
configured such that the at least one insulation member is received about and seated in the

narrowed region.

2. The contact probe of claim I, wherein the at least one insulation member is configured to

surround at Jeast a majority of a periphery of the portion of the outer surface.

3. The contact probe of claim 1, wherein the at least one insulation member is disposed on

at least a portion of an outer surface of the shell.

4. The contact probe of claim 1, wherein:

the at least one plunger includes a tail portion that is slidably received in the shell cavity

and a tip portion extending through the at least one opening in the at least one end of the shell,
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the at Jeast one insulation member is disposed on at least a portion of an outer surface of

the tip portion.
5. The contact probe of claim 1, wherein the at least one insulation member forms a ring.
6. The contact probe of claim 5, wherein the ring i$ configured to fit by compression onto at

least the portion of the outer surface.

7. The contact probe of claim 5, wherein the ring is configured to couple with the narrowed
region.
8. The contact probe of claim 7, wherein the narrowed region exhibits a generally U-shaped

Cross section.

9. The contact probe of claim 1, wherein:

the at least one end of the shell includes a first end and a second end;

the at least one opening includes a first opening in the first end and a second opening in
the second end; and

the at least one plunger includes a first plunger extending through the first opening and a

second plunger extending through the second opening.

10.  The contact probe of claim 9, wherein:
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the at least one insulation member contacts at least one of® the first plunger and the first
end of the shell, and
the at least one insulation member is configured to move with the first plunger and the

shell.

11.  The contact probe of claim 9, wherein the at least one insulation member is fixedly

disposed on the first plunger.

12.  The contact probe of claim 9, wherein the first plunger is attached to the sheli so that the

first plunger and the shell move together when an axial force is applied to the first plunger.

13.  The contact probe of claim 9, wherein the at least one insulation member includes a first
insulation member disposed on a first portion of the outer surface of the shell and a second

insulation member disposed on a second portion of the outer surface of the shell.
14.  The contact probe of claim 13, wherein the first plunger is attached to the shell so that the
first and second insulation members, the first plunger, and the shell are configured to move

together.

15.  The contact probe of claim 13, wherein the first plunger is configured to move

independently from the first and second insulation members and the shell.
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16.  The contact probe of claim 13, wherein the first portion of the outer surface of the shell is
located near the first end of the shell, and the second portion of the outer surface of the shell is

located near the second end of the shell.

17. The contact probe of claim 9, wherein the at least one insulation member is fixedly

disposed on the second plunger.

18.  The contact probe of claim 1, wherein the shell and the at least one plunger each

comprise at least one conductive material, and are configured to be electrically connected.

19.  The contact probe of claim 1, wherein the insulative material includes

polytetrafluoroethylene.

20.  The contact probe of claim 1, wherein an outer diameter of the insulation member is at

least approximately twice as large as an outer diameter of the shell.

21.  An electrical connector assembly comprising:
a socket shell comprising a body having a socket cavity; and
a contact probe comprising:
a contact probe shell disposed in the socket cavity, the contact probe shell
comprising a body having a shell cavity;
at least one plunger received in the shell cavity and extending through at least one

opening in at least one end of the contact probe shell; and
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at least one insulation member comprising an insulative material and disposed in
the socket cavity, the at least one insulation member being disposed on and fixed to at

least a portion of an outer surface of the at least one plunger.

22.  The electrical connector assembly of claim 21, wherein the at least one insulation
member has a cross section that spans at least a majority of an area between a portion of the

socket shell and the portion of the outer surface.

23.  The electrical connector assembly of claim 21, wherein at least a portion of the socket
shell, the contact probe shell, and the at least one plunger each comprise at least one conductive

material,

24.  The electrical connector assembly of claim 23, wherein the socket shell includes a top
portion comprising a second insulative material, an intermediate portion comprising a second

conductive material, and a bottom portion comprising a third insulative material.

25.  The electrical connector assembly of claim 24, wherein the second insulative material

and the third insulative material each include plastic.

26.  The electrical connector assembly of claim 21, wherein the socket shell body includes at

least a top portion and a bottom portion, the socket cavity extending through the top portion and

the bottom portion.
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27.  The electrical connector assembly of claim 26, wherein:
the at least one plunger includes a first plunger that extends through a first opening in the
top portion of the socket shell body and a second plunger that extends through a second opening

in the bottom portion of the socket shell body.

28.  The electrical connector assembly of claim 27, wherein:

the electrical connector is configured to provide an electrical connection between an
integrated circuit chip and a printed circuit board via the contact probe;

the first plunger is configured to provide an electrical contact to the integrated circuit
chip; and

the second plunger is configured to provide an electrical contact to the printed circuit

board.

29.  The electrical connector assembly of claim 27, wherein the at least one insulation

member includes an insulation member disposed on the first plunger.

30.  The electrical connector assembly of claim 27, wherein the at least one insulation

member includes an insulation member disposed on the second plunger.

31.  The electrical connector assembly of claim 30, wherein the insulation member disposed

on the second plunger is located near the bottomn portion of the socket shell body.

32.  The electrical connector assembly of claim 27, wherein:
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the first end of the shell is proximal to the first plunger and a second end of the shell is
proximal to the second plunger, and

the at least one insulation member includes a first insulation member disposed on the
shell near the first end and a second insulation member disposed on the shell near the second

end.

33.  The electrical connector assembly of claim 21, further comprising;
a plurality of contact probes;
wherein the socket shell body comprises a plurality of socket cavities, each associated

with at least one of the plurality of contact probes.

34, The electrical connector assembly of claim 33, wherein the electrical connector is
configured to provide an electrical connection between an integrated circuit chip and a printed

circuit board via the plurality of contact probes.

35. A method of forming an electrical connector with a coaxial structure, the method
comprising:
forming a contact probe by:
inserting at least one plunger into a shell cavity in a body of a shell so that a tail
portion of the at Jeast one plunger is slidably received in the shell cavity and a tip portion
of the at least one plunger extends away from the shell cavity, and
disposing a first insulation member on a first portion of an outer surface of the

shell and a second insulation member on a second portion of the outer surface of the
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shell, wherein the second portion of the outer surface of the shell is displaced from the

first portion of the outer surface of the shell such that a gap extends between the first

insulation member and the second insulation member along an axis of the body of the

shell, each of the first and second insulation members comprising an insulative material;

disposing the contact probe in a first socket cavity in a first portion of a socket assembly
so that at least a portion of each of the first and second insulation members and the gap
therebetween is disposed within the first socket cavity; and

disposing a second portion of the socket assembly with a second socket cavity adjacent
the first portion of the socket assembly so that the first socket cavity is aligned with the second
socket cavity, and the first portion of the socket assembly, the second portion of the socket

assembly, and the contact probe form the coaxial structure.

36.  The method of claim 35,

wherein at least one of the first and second insulation members includes at least one ring
that is configured to fit by compression onto the corresponding first or second portion of the
outer surface of the shell; and

the method further comprising pushing the at least one ring from at least one end of the

shell to a desired location.

37.  The method of claim 35, wherein the first portion of the outer surface of the shell

includes a narrowed section.



38. The method of claim 35, wherein the first portion of the outer surface of the shell is
located near a first end of the shell and the second portion of the outer surface of the shell is

located near a second end of the shell.

39.  The method of claim 35, wherein each of the first and second insulation members
surrounds at least a majority of a periphery of the respective first and second portions of the

outer surface of the shell.

40.  The method of claim 35, wherein the shell and the at least one plunger each comprise at

least one conductive material, and are configured to be electrically connected.

41.  The method of claim 35, wherein:
the first and second portions of the socket assembly are configured to limit sliding

movement of the contact probe.

42.  The method of claim 41, wherein:

the first socket cavity is one of a plurality of first socket cavities in the first portion of the
socket assembly;

the contact probe is one of a plurality of contact probes, each contact probe being
disposed in a respective first socket cavity;

the second socket cavity is one of a plurality of second socket cavities in the second

portion of the socket assembly; and
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the plurality of first socket cavities are aligned with the respective plurality of second

socket cavities.

43.  The method of claim 35, wherein the first insulation member in its entirety, the second

insulation member in its entirety, and the gap therebetween in its entirety is disposed within the

first socket cavity.
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