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SPLIT RING TERMINAL ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the priority of U.S. Application No. 12/826,942, filed
on June 30, 2010. The contents of the application are hereby incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION
Ball grid array (BGA) and land grid array (LGA) integrated circuit (IC) packages are
becoming increasingly popular. With aBGA package, for example, the rounded
solder balls of the BGA are generally soldered directly to corresponding surface
mount pads of aprinted circuit board rather than to plated thru-holes which receive
pins from, for example, apin grid array (PGA) package. BGA packages are
advantageous due to the ability to provide ahigh density of connections and low
profiles. In addition, BGAS, with their very short distance between the package and
the printed circuit board, have low inductances and therefore have far superior
electrical performance relative to leaded devices. Once soldered to aprinted circuit

board, however, BGAs are difficult to replace or interchange.

Intercoupling components (e.g., adaptors, sockets and connector assemblies) are used
to alow particular | C packages to bereliably interchanged without permanent
connection to aprinted circuit board. More recently, adaptors for use with BGA and
L GA packages have been developed to allow these packages to be non-permanently

connected (e.g., for testing) to aprinted circuit board.

SUMMARY
In some aspects, a connector assembly is provided that is configured to electrically
connect afirst substrate with a second substrate. The connector assembly includes an
insulating support member including an array of apertures. Each aperture extends
from afirst surface of the insulating support member to an opposite second surface of
the insulating support member. Each aperture is configured to receive aterminal
assembly. The connector assembly also includes terminal assemblies which provide
electrical connections between connection regions of the first substrate and respective

corresponding connection regions of the second substrate. A terminal assembly is
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disposed in at least one of the apertures. Each terminal assembly includes ahollow
cylindrical body, the body including afirst end, a second end opposed to the first end,
and alongitudinal axis, the body configured to beradially resilient. Each terminal
assembly also includes afirst termina disposed on the first end of the body and
configured to be longitudinally movable relative to the first end, and a second
terminal disposed on the second end of the body and configured to be longitudinally
movable relative to the second end. Theresiliency of the body biases the first and

second terminals in opposed directions along the longitudinal axis.

In some aspects, terminal assembly isprovided. Thetermina assembly includes a
hollow cylindrical body. The body includes afirst end, a second end opposed to the
first end, and alongitudinal axis, and is configured to beradially resilient. The
terminal assembly also includes afirst terminal disposed on the first end of the body
and configured to be longitudinally movable relative to the first end, and a second
terminal disposed on the second end of the body and configured to be longitudinally
movable relative to the second end. Theresiliency of the body biases the first and

second terminals in opposed directions along the longitudinal axis.

The connector and terminal assemblies may include one or more of the following
features: The body includes an opening that extends from the first end to the second
end. The body has a C-shaped cross section asviewed in adirection along the
longitudinal axis. The body includes a sidewall having athickness which decreases
adjacent to each of the first and second ends. The connector assembly may further
include afirst operating configuration in which the body has afirst body diameter and
a second operating configuration in which the body has a second body diameter,
wherein the second body diameter is greater than the first body diameter. The first
and second terminals are received within the body such that sidewalls of the first and
second terminals have an electrical connection with an interior surface of the body.
The body includes atapered edge at the intersection of the interior surface of the body
and each of the first and second ends, and each of the first and second terminals
include atapered portion configured to mate with the corresponding tapered edge of
the body, whereby the first and second terminal are axialy dlidable relative to the
body along the respective tapered mating surfaces. Each of the first and second

terminals include afirst portion configured to contact an electrical connection region
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of a substrate, and a second portion extending from the first portion and having a
decreasing outer diameter. The body is received within each of the first and second
terminals such that sidewalls of the body contact an interior surface of each of the first
and second terminals. The body includes atapered edge at the intersection of the
exterior surface of the body and each of the first and second ends, and each of the first
and second terminals include atapered portion configured to mate with the
corresponding tapered edge of the body, whereby the first and second terminal are
axialy didablerelative to the body along the respective tapered mating surfaces.

Each of the first and second terminals include afirst portion configured to contact an
electrical connection region of a substrate, and a second portion extending from the
first portion and having an increasing inner diameter. Each of the first and second

terminals include ahollow cylindrical body.

The connector assembly may include one or more of the following additional features:
Each aperture includes afirst diameter portion and a second diameter portion that is
less than the first diameter portion, the body is disposed in the first diameter portion.
Each of the first and second terminals include a first terminal portion, a second
terminal portion, and aprotrusion. The first terminal portion has afirst terminal
diameter and configured to contact an electrical connection region of a substrate. The
second terminal portion extends from the first terminal portion and has a second
termina diameter that is greater than the first terminal diameter, the second terminal
diameter decreasing along an axia direction away from the first terminal portion. In
addition, the protrusion is disposed at the location corresponding to the transition
between the first and second terminal portions, the diameter of the protrusion being
greater than the second diameter portion of the aperture, whereby at least some of the
respective terminal is maintained within the first diameter portion. The protrusion is a

flange.

The terminal assembly may include one or more of the following additional features:
The body, the first terminal and the second terminal include an electrically conductive

material. The first and second terminals are configured to be mutually aligning.

The connector assembly includes terminals that are very low profile. For example,

the terminals are 0.030 inches or less in height, where terminal height corresponds to
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terminal axial length. In addition, the connector assembly can achieve a0.5 mm

pitch, whereby increased terminal density can be achieved.

In addition, for some applications, the connector assembly including the very low
profile terminals (0.030 inches or less) can operate at ahigh frequency rate. In
particular, therelatively shorter terminal axial length corresponds to a shorter
electrical path between opposed terminal ends. In addition, geometry changes
through the terminal have less time to resolve electrically, and thus have less effect on

electrical performance. Asaresult, higher frequency operation can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisaperspective view of aconnector assembly connecting aBGA package to a
printed circuit board.

Fig. 2 is an exploded view of aterminal assembly.

Fig. 3isaside sectional view of the terminal assembly of Fig. 2.

Fig. 4 isan end view of the body of the terminal assembly of Fig. 2 in an
uncompressed state.

Fig. 5isan end view of the body of the terminal assembly of Fig. 2 in a compressed
state.

Fig. 6 isasectional view of a connector assembly including the terminal assembly of
Fig. 2 in an uncompressed state.

Fig. 7 isasectional view of the connector assembly of Fig. 6 in acompressed state.
Fig. 8isan exploded view of an alternative embodiment of aterminal assembly.

Fig. 9is an alternative embodiment of the body of the terminal assembly.

Fig. 10is asecond aternative embodiment of the body of the terminal assembly.

Fig. 11isasectiona view of aconnector assembly including another aternative
embodiment of aterminal assembly in an uncompressed state.

Fig. 12 isasectional view of the connector assembly of Fig. 11in a compressed state.
Fig. 13 isasectiona view of a connector assembly including another aternative
embodiment of aterminal assembly in an uncompressed state.

Fig. 14 isasectional view of the connector assembly of Fig. 13 in acompressed state.
Fig. 15is an exploded view of another aternative embodiment of aterminal

assembly.
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Fig. 16 isaside sectional view of the terminal assembly of Fig. 15.

Fig. 17 isasectional view of a connector assembly including the terminal assembly of
Fig. 15 in an uncompressed state.

Fig. 18 is a sectional view of the connector assembly of Fig. 17 in a compressed state.
Fig. 19 isan end view of the body of terminal of Fig. 15 in an uncompressed state.
Fig. 20 isan end view of the body of terminal of Fig. 15 in acompressed state.

DETAILED DESCRIPTION
Referring to FIG. 1, aconnector assembly 100 for intercoupling a BGA integrated
circuit package 2 to aprinted circuit board 6 is shown. The connector assembly 100,
serving as an intercoupling component, includes multiple low profile terminal
assemblies 10 supported in an insulative support member 110. Each terminal
assembly 10 isreceived within acorresponding one of an array of holes 126 in the
insulative support member 110. The array of holes 126 are provided in apattern
corresponding to afootprint of rounded solder balls (not shown) of BGA package 2 as

well as afootprint of surface mount pads 8 of the printed circuit board 6.

When the solder balls of the BGA package 2 are in contact with the terminals of the
corresponding terminals assemblies 10, the BGA package 2 is converted to ahigh
density pin grid array (PGA). When the connector assembly 100 is assembled with
the printed circuit board 6, the opposed terminals of the terminal assemblies 10
provide an identical mating condition to the surface mount pads 8 of the printed
circuit board 6 aswould have been the case if the BGA package 2 had been connected
directly tothe circuit board. Thus, the connector assembly 100 permits the BGA
package 2 to be non-permanently electrically intercoupled with the printed circuit
board 6. In some embodiments, the insulative support member 110 is secured to the
printed circuit board 6, for example using afastener 132, so that the terminal
assemblies 10 are aligned and in electrical contact with corresponding surface mount
pads 8. Then the BGA package 2 is secured to the insulative support member 110 so
that the solder balls are aligned and in eectrical contact with corresponding terminal
assemblies 10, for example using a clamping member (not shown) to provide the
PGA. In other embodiments, the BGA package 2 and connector assembly 100 are
assembled and then secured to the printed circuit board 6, for example using a

clamping member (not shown) to provide the same PGA.
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Referring to FIG. 2, each terminal assembly 10 includes aresilient body 12 having a
first terminal 50 disposed on the first end 14 of the body 12, and a second terminal 70
disposed on the second end 16. The first and second terminals 50, 70 are configured
to be longitudinally movable relative to the respective ends 14, 16, as discussed
further below. In addition, the resiliency of the body 12 biases the first and second

terminals 50, 70 in opposed directions along the longitudinal axis 18.

Referring also to Figs. 3 and 4, the body 12 is ahollow cylinder and includes a
sidewall 11which defines an open first end 14, and an open second end 16 opposed to
the first end 14. A longitudinal axis 18 extends between the opposed first and second
ends 14, 16. Thebody 12 is split by an opening 28 that extends from the first end 14
to the second end 16 such that the body 12 has a C-shaped cross section asviewed in
adirection along the longitudinal axis 18. The opening 28 extends through the
thickness of the sidewall 11from an inner surface 20 to an outer surface 22 of the
body 12, and permits the body 12 toradially expand or contract when in certain
loading conditions, as discussed further below. The opening 28 defines agap gl in
the sidewall 11between opposed edges 30, 32 of the opening 28.

The body 12 has auniform outer diameter d2, and the inner surface 20 of the body 12
is tapered adjacent to each of the first and second ends 14, 16. In particular, the
thickness of the sidewall 11 decreases in the tapered regions 24, 26 adjacent the first
and second ends 14, 16 relative to the sidewall thickness in amid portion 15 of the
body 12. For example, the inner surface 20 of the body 12 may be angled in the
tapered regions 24, 26 so as to taper toward the outer surface 22. When no external
axial forces are applied to the first and second terminals 50, 70, the body 12 has an
inner diameter dl at the mid portion 15, for example in the region between tapered
regions 24, 26. In the tapered regions 24, 26, the diameter tapers from dl to avalue

less than d2.

Referring again to Fig. 2, the first terminal 50 includes a cylindrical first portion 52
configured to electrically connect to asolder ball 4 of the BGA 2. In particular, an
end 54 of the first portion 52 is concave in shape and dimensioned to receive and form
an electrical connection with a solder ball 4 of the BGA 2.
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The first terminal 50 also includes atapered second portion 56 configured to
electrically connect to the tapered region 24 on the inner surface 20 of the body 12.
The second portion 56 extends from a second end 55 of the first portion 52. The
second portion 56 has alarger diameter than the first portion 52, whereby a shoulder
60 is formed at the second end 55 of the first portion 52. The second portion 56 is
tapered in the longitudinal direction so as to gradually decrease in diameter from the
shoulder 60 to the end 57 of the second portion 56, providing atapered region 58 on
the first terminal 50.

The second terminal 70 includes afirst portion 72 shaped and dimensioned to
electrically connect to a contact pad 8 of the PCB 6. In the illustrated embodiment the
first portion 72 is generally conical in shape.

The second terminal 70 also includes atapered second portion 76 configured to
electrically connect to the tapered region 26 on the inner surface 20 of the body 12.
The second portion 76 extends from one end 74 of the first portion 72. The second
portion 76 has alarger diameter than the first portion 72, whereby a shoulder 80 is
formed at the end 74 of the first portion 72. The second portion 76 is tapered in the
longitudinal direction so asto gradually decrease in diameter from the shoulder 80 to
the end 77 of the second portion 76, providing atapered region 78 on the second
terminal 70.

Referring again to Fig. 3, the second portions 56, 76 of the terminals 50, 70 are
substantially the same size and shape. Each tapered region 58, 78 has aminimum
diameter d3 at alocation corresponding the respective termina end 57, 77, and a
maximum diameter d4 at alocation corresponding to the respective shoulder 60, 80.
The outer diameter of the cylindrical first portion 52 of the first terminal 50, and the
maximum diameter of the conical first portion 72 of the second terminal 70 are

substantially the same, and arereferred to as d5.

When the terminal assembly 10 is assembled, the first terminal 50 is at least partially
received within the open first end 14 of the body 12. In particular, the leading end 57
of the second portion 56 is received within the open first end 14 such that at least a
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portion of the tapered region 58 of the first terminal 50 contacts the tapered region 24
formed on the inner surface 20 of the body 12. Similarly, the second terminal 70 is at
least partially received within the open second end 16 of the body 12 such that at |least
aportion of the tapered region 78 of the second terminal 70 contacts the tapered
region 26 formed on the inner surface 20 of the body 12. The terminals 50, 70 form
an electrical connection with the body 12 via the contact between the respective

tapered regions.

When no external axial forces are applied to the first and second terminals 50, 70, the
minimum diameter d3 of the second portion 56, 76 is greater than the inner diameter
dl of the body 12, and less than the outer diameter d2 of the body 12. In addition, the
maximum diameter d4 of the second portion 56, 76 is greater than both the inner

diameter dl and the outer diameter d2 of the body 12.

Referring to Fig. 6, the terminal assemblies 10 are received within the apertures 126
of the insulative support member 110 to form the connector assembly 100. The
support member 110 is of three piece construction, and includes arelatively thick mid
layer 122 that is covered on each side by arelatively thin cover layer 120, 124. In the
illustrated embodiment, the three layers 120, 122, 124 of the support member 110 are
formed of the same material, such as polyimide or Flame Retardant-4. However, the
support member 110 isnot limited to this, and one or more of the layers may be

formed other eectricaly insulative materials.

The support member 110 includes the array of apertures 126 arranged in the pattern
described above. Each aperture 126 passes through all layers 120, 122, 124 of the
support member 110. The aperture 126 has afirst aperture diameter dal in the mid
layer 122 that is greater than both the outer diameter d2 of the body 12, and the
maximum diameter d4 of the second portion 56, 76 of the respective terminals 50, 70.
The aperture 126 has a second aperture diameter da2 in each of the cover layers 120,
124 that is smaller than that of the first aperture diameter dal. In addition, the second
aperture diameter da2 is greater than the outer diameter d5 of the first portion 52, 72
and less than the maximum diameter d4 of the second portion 56, 76 of the respective
terminals 50, 70. In this configuration, the respective shoulders 60, 80 serve to retain

the terminal assemblies 10 within the support member 110, while the first portions 52,

PCT/US2011/042120
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72 are alowed to protrude through the cover layers 120, 124. Here, it isunderstood
that the terminal assembly 10 is floating within the aperture 126, and the connection
between terminals 50, 70 and the body 12 is maintained by appropriately limiting the
thickness of the mid layer 122.

When the connector assembly 100 isused to interconnect the BGA 2 and the PCB 6,
an axialy directed compressive load is applied to the terminals 50, 70. In particular,
when the support member 110 is connected to the PCB 6, the outer surface 125 of the
support member 110 contacts the surface 9 of the PCB. This proximity is sufficient to
drive the second terminal 70 inward into the aperture 126. Here, the body 12 is
sufficiently rigid to maintain the uncompressed configuration, including inner and
outer diameters dl, d2, and the connector assembly 10 as awhole moves

longitudinally within the aperture 126 in adirection away from the contact surface 9.

Referring now to Fig. 7, when the support member 110 is connected to the PCB 6 and
the BGA 2 is connected to the opposed side of the support member 110, the proximity
of the package 2 is sufficient to drive the first terminal 50 inward into the aperture 126
while the second terminal 70 is also moved inward into the aperture 126. Under these
conditions, the body 12 resiliently radially expands since the terminals 50, 70 are
moved toward each other along the longitudinal axis 18. In particular, the tapered
region 58 of the first terminal 50 slides inward along the tapered region 24 formed on
the inner surface 20 of the body 12. At the same time, the tapered region 78 of the
second terminal 70 slides inward along the tapered region 26 formed on the inner
surface 20 of the body 12. Asthe terminals 50, 70 move inward, each tapered region
58, 78 acts as awedge toradialy expand the body 12. In particular, the radial
expansion of the body 12 is achieved due to the presence of the opening 28 in the
sidewall 11. For example, with reference to Fig. 5, in the compressed configuration,
the body 12 has an expanded inner diameter d6 and outer diameter d7 which are
greater than the corresponding diameters dl, d2 of the uncompressed state. In
addition, in the compressed configuration, the opening 28 defines agap g2 in the
sidewall 11which islarger than the gap gl of the uncompressed state.

The terminals 50, 70 continue to form an electrical connection with the body 12 via

the contact between the respective tapered regions 58, 78 regardless of the
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longitudinal position of the terminals 50, 70 with respect to the body 12. Inthe
compressed configuration, the second portions 56, 76 of each of the first and second
terminals 50, 70 are fully received within interior space of the body 12. In addition,
the expanded outer diameter d7 of the body 12 isless than that of the first aperture
diameter dal within the mid layer 122 (space between body 12 and aperture 126 not
shown in the figure). Also, the second aperture diameter da2 corresponding to the
cover layer 120 is greater than that of the solder ball 4, and in the compressed
configuration at least aportion of the solder ball 4 may be disposed within the
aperture 126.

The configuration shown in Fig. 7 isavery low profile configuration. In some
embodiments, the connector assembly 100 is dimensioned to provide a spacing
between the BGA 2 and PCB 6 of only about 0.027 inches for apitch (i.e., spacing
between apertures) of 0.5 mm. This can be compared to spacing in the uncompressed
configuration of about 0.037 inches.

The body 12 and terminals 50, 70 are each formed of, or plated with, metal. The
same metal, for example gold, may used for the body 12 and both terminals 50, 70, or
one or more of these components may be formed of or plated with aunique metal.
However, the body 12 and terminals are not limited to this material, and it is
understood that any suitable electrically conductive material can be used to form these

components.

It isunderstood that when the connector assembly is disconnected from one or both of
the BGA 2 and PCB 6, the natural tendency of the body 12 to return to its unexpanded
configuration serves as a spring force to urge the terminals 50, 70 to move apart along

the longitudinal axis 18.

Referring to Fig. 8, the terminals 50, 70 of the terminal assembly 10 are
interchangeable. For example, the first terminal 50 can bereplaced with a second
terminal 70, resulting in an alternative terminal assembly 15 that includes two second
terminals 70. In this embodiment, one second terminal 70 is mounted on each open

end 14, 16 of the body 12. Such aterminal assembly 15, when employed in a

10
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connector assembly 100, isuseful to achieve interconnection of respective conductive

pads 8 of two separate printed circuit boards 6, 6.

When the terminal assembly 10 isin an uncompressed configuration, the gap gl of
the body 12 has adimension that ranges from approximately zero, in which the
opposed edges 30, 32 are touching, to anon-zero value which may be as much as 0.25
times the circumference of the body 12. Here it isunderstood that the maximum
expanded outer diameter d7 of the body 12 islimited by the inner diameter dal of the
aperture 126. In addition, the maximum inner diameter d6 of the body 12 islimited
by the requirement that the respective tapered regions 24, 26 of the body 12 maintain
an electrical connection with the tapered regions 58, 78 of the terminals regardiess of

terminal compression state.

Referring to Fig. 9, the body 12 of the terminal assembly 10 may include additional
features to improve radial flexibility, reduce material requirements, and/or adjust the
forces applied by and durability of the assembly. For example, in the aternative
embodiment shown in Fig. 9, amodified body 112 is similar to the body 12 in that it
isahollow cylinder and includes asidewall 111 which defines an open first end 114,
and an open second end 116 opposed to the first end 114. The modified body 112 is
split by an opening 128 that extends from the first end 114 to the second end 116, and
the inner surface 120 of the body 112 includes tapered regions 124, 126 adjacent to
each of the first and second ends 114, 116. In addition to these features, the modified
body 112 also includes a second opening 140 formed in the sidewall 111at alocation
spaced circumferentially from the opening 128. In the illustrated embodiment, the
second opening is diametrically opposed to that of the opening 128. The second
opening 128 extends through the thickness of the sidewall 111, and is spaced apart
from both the first and second ends 114, 116. For example, opening 140 may be
circular in shape, although it isnot limited thereto.

Referring to Fig. 10, in a second alternative embodiment, amodified body 212 is
similar to the body 12 inthat it isahollow cylinder and includes a sidewall 211 which
defines an open first end 214, and an open second end 216 opposed to the first end
214. The modified body 212 is split by an opening 228 that extends from the first end
214 to the second end 216, and the inner surface 220 of the body 212 includes tapered

11
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regions 224, 226 adjacent to each of the first and second ends 214, 216. In addition to
these features, the modified body 212 also includes a second opening 240 formed in
the sidewall 211 at alocation overlying aportion of the opening 228. The second
opening 228 extends through the thickness of the sidewall 211, and is spaced apart
from both the first and second ends 214, 216. For example, the opening 240 may be
rectangular in shape and oriented so that its long sides extend circumferentially,

although it isnot limited thereto.

Referring to Figs. 11and 12, an alternative embodiment terminal assembly 210 is
shown. The terminal assembly 210 is similar to that of terminal assembly 10 and is
used with the support member 110 to form a connector assembly 200. In particular,
each terminal assembly 210 includes aresilient body 12 having afirst terminal 150
disposed on the first end 14 of the body 12, and a second terminal 170 disposed on the
second end 16. In the terminal assembly 210, the body 12 isidentical to the body
described above with respect to Figs. 2-7. Although the first and second terminals
150, 170 differ in structure from terminals 50, 70, the over all function and operation
of the terminal assembly 210 islike that of terminal assembly 10 except where
discussed below. For example, in amanner similar to the embodiment shown in Figs
2-7, the first and second terminals 150, 170 are configured to be longitudinally
movable relative to the respective body ends 14, 16, and the resiliency of the body 12
biases the first and second terminals 150, 170 in opposed directions along the
longitudinal axis 18.

The first terminal 150 includes a cylindrical first portion 152 configured to electrically
connect to a solder ball 4 of the BGA 2. In particular, an end 154 of the first portion
152 is concave in shape and dimensioned to receive and form an electrical connection
with asolder ball 4 of the BGA 2.

The first terminal 150 also includes atapered second portion 156 configured to
electrically connect to the inner surface 20 of the body 12. The second portion 156
extends from a second end 155 of the first portion 152. The second portion 156 has a
larger diameter than the first portion 152. In addition, aradially-outward protruding
flange 160 isformed at the second end 155 of the first portion 152. The second

portion 156 istapered in the longitudinal direction so asto gradually decrease in

12
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diameter from the flange 160 to the end 157 of the second portion 156, providing a
tapered region 158 on the first terminal 50.

The second terminal 170 includes afirst portion 172 shaped and dimensioned to
electrically connect to a contact pad 8 of the PCB 6. In the illustrated embodiment the
first portion 172 is generally conical in shape.

The second terminal 170 also includes atapered second portion 176 configured to
electrically connect to the inner surface 20 of the body 12. The second portion 176
extends from one end 174 of the first portion 172. The second portion 176 has a
larger diameter than the first portion 172, and aradially-outward protruding flange
180 isformed at the end 174 of the first portion 172. The second portion 176 is
tapered in the longitudinal direction so asto gradually decrease in diameter from the
flange 180 to the end 177 of the second portion 176, providing atapered region 178

on the second terminal 170.

Asseen in Fig. 11, the flanges 160, 180 of the respective terminals 150, 170 are
dimensioned to be larger than the second aperture diameter da2 of the cover layers
120, 124, whereby the terminals 150, 170 are maintained within the aperture 126. In
addition, as seen in Fig. 12, the flanges 160, 180 are dimensioned to limit the depth of
insertion of the respective terminal 150, 170 into the body 12. For example, the
diameter of the flanges 160, 180 is greater than the expanded outer diameter d7 of the
body 12.

Referring to Figs. 13 and 14, another alternative embodiment terminal assembly 410
isshown. The terminal assembly 410 is similar to that of termina assembly 10 and is
used with the support member 110 to form a connector assembly 400. In particular,
each terminal assembly 410 includes aresilient body 12 having afirst terminal 450
disposed on the first end 14 of the body 12, and a second terminal 470 disposed on the
second end 16. In the terminal assembly 410, the body 12 isidentical to the body
described above with respect to Figs. 2-7. Although the first and second terminals
450, 470 differ in structure from terminals 50, 70, the over all function and operation
of the terminal assembly 410 islike that of terminal assembly 10 except where

discussed below. For example, in amanner similar to the embodiment shown in Figs

13
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2-7, the first and second terminals 450, 470 are configured to be longitudinally
movable relative to the respective body ends 14, 16, and the resiliency of the body 12
biases the first and second terminals 450, 470 in opposed directions aong the
longitudinal axis 18.

The first terminal 450 includes a cylindrical first portion 452 configured to electrically
connect to a solder ball 4 of the BGA 2. In particular, an end 454 of the first portion
452 is concave in shape and dimensioned to receive and form an electrical connection
with asolder ball 4 of the BGA 2.

The first terminal 450 also includes atapered second portion 456 configured to
electrically connect to the inner surface 20 of the body 12. The second portion 456
extends from a second end 455 of the first portion 452. The second portion 456 has a
larger diameter than the first portion 452. In addition, aradially-outward protruding
flange 460 is formed at the second end 455 of the first portion 452. The second
portion 456 is tapered in the longitudinal direction so asto gradually decrease in
diameter from the flange 460 to the end 457 of the second portion 456, providing a
tapered region 458 on the first terminal 450.

In addition, the first terminal 450 includes an elongated third portion, or pin, 462 that
extends from the end 457 of the second portion. The pin 462 has an outer dimension
that is less than that of the end 457, whereby a shoulder 464 is formed between the
second and third portions 456, 462.

The second terminal 470 includes afirst portion 472 shaped and dimensioned to
electrically connect to a contact pad 8 of the PCB 6. In the illustrated embodiment the
first portion 472 is generaly conical in shape.

The second terminal 470 also includes atapered second portion 476 configured to
electrically connect to the inner surface 20 of the body 12. The second portion 476
extends from one end 474 of the first portion 472. The second portion 476 has a
larger diameter than the first portion 472, and aradially-outward protruding flange
480 is formed at the end 474 of the first portion 472. The second portion 476 is

tapered in the longitudinal direction so asto gradually decrease in diameter from the

14
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flange 480 to the end 477 of the second portion 176, providing atapered region 478

on the second terminal 470.

In addition, the second terminal 470 includes a cavity, or socket, 482 that extends
inward from the end 477. The socket 482 is dimensioned and shaped to receive the
pin 462 of the first terminal 450 therein.

Asseen in Fig. 13, the flanges 460, 480 of the respective terminals 450, 470 are
dimensioned to be larger than the second aperture diameter da2 of the cover layers
120, 124, whereby the terminals 450, 470 are maintained within the aperture 126. In
addition, the socket 482 of the second terminal 470 has a diameter that is less than
that of the shoulder 464 of the first terminal 450, whereby the depth of insertion of the
pin 462 into the socket 482 is limited.

Asseen in Fig. 14, the flanges 460, 480 are dimensioned to limit the depth of
insertion of the respective terminal 450, 470 into the body 12. For example, the
diameter of the flanges 460, 480 is greater than the expanded outer diameter d7 of the
body 12.

In the terminal assembly 410, the third portion 462 of the terminal 450 serves as an
alignment pin, and isreceived within the socket 482 of the terminal 470. In

particular, the pin portion 462 cooperatively engages the socket 482 to ensure that the
respective terminals 450, 470 come together, and to maintain vertical alignment of the
respective terminals 450, 470. In addition, because the terminal assembly 410
employs these features, the terminal assembly 410 has avery low profile. For
example, in some embodiments, the terminal assembly 410 is dimensioned to provide
an overall compressed height of about 0.027 inches for apitch (i.e., spacing between
apertures) of 0.5 mm. This can be compared to spacing in the uncompressed

configuration of about 0.037 inches.

Referring to Fig. 15, another alternative embodiment terminal assembly 310 includes
aresilient body 312 having afirst terminal 350 disposed on the first end 314, and a
second terminal 350 disposed on the second end 316. The first and second terminals
350, 350 are configured to be longitudinally movable relative to the respective ends
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314, 316, as discussed further below. In addition, the resiliency of the body 312
biases the first and second terminals 350, 370 in opposed directions along the
longitudinal axis 318.

Referring also to Figs. 16 and 19, the body 312 is ahollow cylinder and includes a
sidewall 311which defines an open first end 314, and an open second end 316
opposed to the first end 314. The body 312 is split by an opening 328 that extends
from the first end 314 to the second end 16 such that the body 312 has a C-shaped
cross section asviewed in adirection along the longitudinal axis 318. The opening
328 extends through the thickness of the sidewall 311 from an inner surface 320 to an
outer surface 322 of the body 312, and permits the body 312 to radially expand or
contract when in certain loading conditions, as discussed further below. The opening
328 defines agap g3 in the sidewall 311which separates opposed edges 330, 332 of
the opening 328.

The inner surface 320 of the body 312 has auniform diameter d8. In addition, the
outer surface 322 of the body 312 istapered adjacent to each of the first and second
ends 314, 316 so that the thickness of the sidewall 311 decreases in the tapered
regions 324, 326 adjacent the first and second ends 314, 316 relative to the sidewall
thickness in amid portion 315 of the body 312. For example, the outer surface 322 of
the body 312 may be angled in the tapered regions 324, 326 so as to taper toward the
inner surface 320. In an uncompressed state, the body 312 has an outer diameter d9 at
the mid portion 315, for example in the region between tapered regions 324, 326. In
the tapered regions 324, 326, the diameter tapers inward from the outer diameter d9 to

adiameter having avalue greater than d8.

The first and second terminals 350 include ahollow cylindrical body having first and
second portions 352, 356. The first portion 352 is configured to electrically connect
to asolder ball 4 of the BGA 2. In particular, an end 354 of the first portion 352 is
open and dimensioned to receive aportion of a solder ball 4 therewithin. The second
portion 356 is configured to electrically connect to the outer surface 322 of the body
312. The second portion 356 extends from a second end 355 of the first portion 352.
The second portion 356 has a larger diameter than the first portion 352, whereby a
shoulder 360 is formed at the second end 355 of the first portion 352. In addition, the
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second portion 356 is tapered in the longitudinal direction so asto gradually increase
in diameter from the shoulder 360 to the end 357 of the second portion 356, providing
atapered region 358 on the terminal 350. The tapered region 358 has a minimum
diameter dlO, and a maximum diameter dl 1 at alocation corresponding to end 357.
The outer diameter of the cylindrical first portion 352 of the first terminal 350 is
substantially the same as the maximum diameter dl 1 of the tapered region 358, and
the outer diameter of the cylindrical second portion 356 isreferred to as dl2.

When the terminal assembly 310 is assembled, the first end 314 of the body 312 is at
least partialy received within the open end 357 of the corresponding terminal 350. In
particular, the end 314 of the body 312 isreceived within the open end 357 such that
at least aportion of the tapered region 324 of the first end 314 contacts the tapered
region 358 of the terminal 350. Similarly, the second end 316 of the body 312 is at
least partialy received within the open end of other terminal 350 such that at least a
portion of the tapered region 326 of the second end 316 contacts the tapered region
358 of the other terminal 350. The terminals 350 form an electrical connection with
the body 312 via the contact between the respective tapered regions.

In the uncompressed state, the maximum diameter dl 1 of the second portion 356 of
the terminal 350 is greater than the inner diameter d8 of the body 312, and less than
the outer diameter d9 of the body 312. In addition, the minimum diameter dlO of the
second portion 356 is less than both the inner diameter d8 and the outer diameter d9

of the body 312.

Referring to Fig. 17, the terminal assemblies 310 are received within the apertures
126 of the insulative support member 110 to form the connector assembly 300. The
aperture 126 has afirst aperture diameter dal in the mid layer 122 that is greater than
both the outer diameter d9 of the body 312, and the maximum diameter di2 of the
second portion 356 of the respective terminals 350. The aperture 126 has a second
aperture diameter da2 in each of the cover layers 120, 124 that is smaller than that of
the first aperture diameter dal. In addition, the second aperture diameter da2 is
greater than the outer diameter dl 1 of the first portion 352 and less than the maximum
diameter dI2 of the second portion 356 of the respective terminals 350. This

configuration serves to retain the terminal assemblies 310 within the support member

17



WO 2012/003174 PCT/US2011/042120

10

15

20

25

30

110, while permitting the first portions 352 to protrude through the cover layers 120,
124. Here, it isunderstood that the terminal assembly 310 is floating within the
aperture 126, and the connection between terminals 350 and the body 312 is
maintained by appropriately limiting the thickness of the mid layer 122.

Referring now to Fig. 18, when the terminal 310 is subjected to axial compression,
such aswhen the support member 110 isused to intercouple afirst BGA integrated
circuit package (not shown) to second BGA integrated circuit package (not shown),
the proximity of the packages is sufficient to drive the both terminals 350 inward into
the aperture 126. Under these conditions, the body 312 resiliently radially contracts
since the terminals 350 are moved toward each other along the longitudinal axis 318.
In particular, the tapered regions 358 of each terminal 350 slides inward along the
respective tapered region 324, 326 formed on the ends 314, 316 of the body 312. As
the terminals 350 move inward, each tapered region 358 acts as awedge to radially
contract the body 312. In particular, theradial contraction of the body 312 is
achieved due to the presence of the opening 328 in the sidewall 311. For example,
with reference to Fig. 16, in the compressed configuration, the body 312 has an inner
diameter dI3 and outer diameter dl4 which are less than the corresponding diameters
ds, d9 in the uncompressed state. In addition, in the compressed configuration, the
opening 328 defines agap g4 in the sidewall 311which is smaller than the gap g2 of
the uncompressed state.

The terminals 350 continue to form an electrical connection with the body 312 via the
contact between the respective tapered regions 358 and 324, 326 regardless of the
longitudinal position of the terminals 350 with respect to the body 312. In the
compressed configuration, the body 312 is substantially enclosed within the interior
space of the respective terminals 350. In addition, the outer diameter di2 of the
terminals 350 is less than that of the first aperture diameter dal within the mid layer
122. Also, the second aperture diameter da2 corresponding to the cover layer 120 is
greater than that of the solder ball 4, and in the compressed configuration at least a
portion of the solder ball 4 may be disposed within the aperture 126 (not shown).
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When the terminal assembly 310 isin an uncompressed configuration, the gap g3
must have a dimension which isnon-zero in order to allow contraction of the body

312 during compression.

Selected illustrative embodiments of the invention are described above in some detail.
It should be understood that only structures considered necessary for clarifying the
present invention have been described herein. Other conventional structures, and
those of ancillary and auxiliary components of the system, are assumed to be known

and understood by those skilled in the art.

In the illustrated embodiment, the terminals are very low profile in height (0.030
inches or less). However, it iswithin the scope of the invention to vary the
proportions and/or dimensions of the terminal assembly and its component parts, as

well asthe pitch, depending on the requirements of the specific application.

In the illustrated embodiment, the terminals 50, 70 include portions which are the
same size and shape. Such a configuration provides aterminal assembly 10 which
moves and/or generates forces symmetrically. However, the assemblies are not
limited to this, and the size and shape of one or both terminals may be altered to allow
one terminal to move at a different rate, generate different forces and/or provide

different eectrical behavior than the other.

In the illustrated embodiment, the support member 110 includes three insulative
layers 120, 122, 124. However, the disclosed number of layers isnon-limiting, and it
isunderstood that fewer or greater numbers of layers could be provided, depending on

the requirements of the specific application.

In the illustrated embodiments, the terminals of the connector assemblies disclosed
herein are formed of al-metal components. This is advantageous since metal
terminals are robust and durable, and are easily plated or coated. However, the
terminals are not limited to this material, and can be formed of electrically conductive
elastomers or metalized plastics, depending on the requirements of the specific
application.
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Moreover, while working examples of the present invention have been described
above, the present invention is not limited to the working examples described above,
but various design aterations may be carried out without departing from the present

invention as set forth in the claims.

20



10

15

20

25

30

WO 2012/003174 PCT/US2011/042120

What is clamed, is
1. A connector assembly configured to electrically connect a first substrate with a
second substrate, the connector assembly comprising:
an insulating support member including an array of apertures, each aperture
extending from afirst surface of the insulating support member to an opposite second
surface of the insulating support member, each aperture configured to receive a
terminal assembly; and
terminal assemblies which provide electrical connections between connection
regions of the first substrate and respective corresponding connection regions of the
second substrate, aterminal assembly disposed in at least one of the apertures, each
terminal assembly including:
ahollow cylindrical body, the body including afirst end, a second end
opposed to the first end, and alongitudinal axis, the body configured to be
radialy resilient;
afirst terminal disposed on the first end of the body and configured to
be longitudinally movable relative to the first end; and
a second terminal disposed on the second end of the body and
configured to be longitudinally movable relative to the second end,
wherein the resiliency of the body biases the first and second terminals in

opposed directions along the longitudinal axis.

2. The connector assembly of claim 1wherein the body includes an opening that

extends from the first end to the second end.

3. The connector assembly of claim 1wherein the body has a C-shaped cross section

asviewed in adirection along the longitudinal axis.

4. The connector assembly of claim 1wherein the body includes a sidewall having a

thickness which decreases adjacent to each of the first and second ends.

5. The connector assembly of claim 1 further comprising afirst operating
configuration in which the body has afirst body diameter and a second operating
configuration in which the body has a second body diameter, wherein the second body

diameter is greater than the first body diameter.
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6. The connector assembly of claim 1wherein the first and second terminals are
received within the body such that sidewalls of the first and second terminals have an

electrical connection with an interior surface of the body.

7. The connector assembly of claim 1wherein

the body includes atapered edge at the intersection of the interior surface of
the body and each of the first and second ends, and

each of the first and second terminals include atapered portion configured to
mate with the corresponding tapered edge of the body, whereby the first and second
terminal are axially slidable relative to the body along the respective tapered mating

surfaces.

8. The connector assembly of claim 1wherein each of the first and second terminals
include afirst portion configured to contact an electrical connection region of a
substrate, and a second portion extending from the first portion and having a

decreasing outer diameter.

9. The connector assembly of claim 1wherein the body is received within each of the
first and second terminals such that sidewalls of the body contact an interior surface

of each of the first and second terminals.

10. The connector assembly of claim 1wherein

the body includes atapered edge a the intersection of the exterior surface of
the body and each of the first and second ends, and

each of the first and second terminals include atapered portion configured to
mate with the corresponding tapered edge of the body, whereby the first and second
terminal are axially slidable relative to the body along the respective tapered mating

surfaces.

11. The connector assembly of claim 1wherein each of the first and second terminals
include afirst portion configured to contact an electrical connection region of a
substrate, and a second portion extending from the first portion and having an

increasing inner diameter.
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12. The connector assembly of claim 1wherein each of the first and second terminals

include ahollow cylindrical body.

13. The connector assembly of claim 1wherein
each aperture includes afirst diameter portion and a second diameter portion
that is less than the first diameter portion,
the body is disposed in the first diameter portion, and
each of the first and second terminals include:
afirst terminal portion having afirst terminal diameter and configured
to contact an electrical connection region of asubstrate;
asecond terminal portion extending from the first terminal portion and
having a second terminal diameter that is greater than the first termina diameter, the
second terminal diameter decreasing along an axial direction away from the first
terminal portion; and
aprotrusion at the location corresponding to the transition between the
first and second terminal portions, the diameter of the protrusion being greater than
the second diameter portion of the aperture, whereby at least some of the respective

terminal is maintained within the first diameter portion.

14. The connector assembly of claim 13 wherein the protrusion is a flange.

15. A terminal assembly comprising:

ahollow cylindrical body, the body including afirst end, a second end
opposed to the first end, and alongitudinal axis, the body configured to beradially
resilient;

afirst terminal disposed on the first end of the body and configured to be
longitudinally movable relative to the first end; and

asecond terminal disposed on the second end of the body and configured to be
longitudinally movable relative to the second end,

wherein theresiliency of the body biases the first and second terminals in

opposed directions along the longitudinal axis.
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16. The terminal assembly of claim 15 wherein the body includes an opening that

extends from the first end to the second end.

17. Theterminal assembly of claim 15 wherein the body has a C-shaped cross section

asviewed in adirection along the longitudinal axis.

18. The terminal assembly of claim 15 wherein the body includes a sidewall having a

thickness which decreases adjacent to each of the first and second ends.

19. Theterminal assembly of claim 15 further comprising afirst operating
configuration in which the body has afirst body diameter and a second operating
configuration in which the body has a second body diameter, wherein the second body

diameter is greater than the first body diameter.

20. Thetermina assembly of claim 15 wherein the body, the first terminal and the

second terminal include an electrically conductive material.

21. Thetermina assembly of claim 15 wherein the first and second terminals are
received within the body such that sidewalls of the first and second terminals have an

electrical connection with an interior surface of the body.

22. Thetermina assembly of claim 15 wherein

the body includes atapered edge at the intersection of the interior surface of
the body and each of the first and second ends, and

each of the first and second terminals include atapered portion configured to
mate with the corresponding tapered edge of the body, whereby the first and second
terminal are axially slidable relative to the body along the respective tapered mating

surfaces.

23. Thetermina assembly of claim 15 wherein the first and second terminals are

configured to be mutually aligning.

24. Thetermina assembly of claim 15 wherein each of the first and second terminals

include afirst portion configured to contact an electrical connection region of a
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substrate, and a second portion extending from the first portion and having a

decreasing outer diameter.

25. Theterminal assembly of claim 24 wherein
athird portion extends from the second portion of the first terminal, and
the second portion of the second terminal includes a cavity, and
the third portion of the first terminal is configured to be received in the cavity

of the second terminal, whereby the first terminal is aligned with the second terminal.

26. Thetermina assembly of claim 16 wherein the body is received within each of
the first and second terminals such that sidewalls of the body contact an interior

surface of each of the first and second terminals.

27. Theterminal assembly of claim 16 wherein

the body includes atapered edge a the intersection of the exterior surface of
the body and each of the first and second ends, and

each of the first and second terminals include atapered portion configured to
mate with the corresponding tapered edge of the body, whereby the first and second
terminal are axially slidable relative to the body along the respective tapered mating

surfaces.

28. Theterminal assembly of claim 16 wherein each of the first and second terminals
include afirst portion configured to contact an electrical connection region of a
substrate, and a second portion extending from the first portion and having an

increasing inner diameter.

29. Theterminal assembly of claim 16 wherein each of the first and second terminals

include ahollow cylindrical body .
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