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ELECTRICAL CONNECTOR SYSTEM INCLUBING ELECTRICAL CABLE
CONNECTOR ASSEMBLY

BACKGROUND

[00681] Electrical connectors provide signal connections between electronic devices
using electrically-conductive contacts, or electrical contacts. In some applications, 8 connector
including a solid substrate body may facilitate the connection of cables with a complementary

connector.

SUMMARY

180621 In accordance with one aspect of the present disclosure, an electrical cable
connector assembly can include a printed circuit board that, in turn, includes including a body, a
first plurality of electrically conductive contact pads supported by the body so as to define an
array of electrically conductive contact pads, and a second plurality of electrically conductive
contact pads supported by the body at a location spaced from the array of electrically conductive
contact pads. Respective ones of the second plurality of electrically conductive contact pads are
in electrical communication with respective ones of the first plurality of electrically conductive
contact pads. The elecirical cable connector assembly can further include an electrical connector
mounted to the printed circuit board. The elecirical connector can include a plurality of electrical
contacts that are individually, physically and electrically connected to respective ones of the first
plurality of electrically conductive contact pads. The electrical cable connector assembly can
further include at least one electrical cable including at least one electrical signal conductor
individually, physically and electrically attached fo at least a respective one of the second
electrically conductive contact pads.

{00831 The general description and the following detailed description are example and
explanatory only and are not restrictive of the invention, as defined in the appended claims.
Other aspects of the present invention will be apparent to those skilled in the art in view of the

detailed description of the invention as provided herein.
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BRIEF DESCRIPTION OF THE BRAWINGS

[6884] The summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of
illustrating the disclosure, there are shown in the drawings example embodiments of the
disclosure; however, the invention is not limited to the specific methods, compositions, and
devices disclosed. In addition, the drawings are not necessarily drawn to scale. In the drawings:

[B003] Fig. 1 is an exploded perspective view of an electrical connector system
constructed in accordance with one embodiment;

[0086] Fig. 2A is an exploded perspective view of a cable connector assembly of the
electrical connector system illustrated in Fig. 1;

{6007} Fig. 2B is another exploded perspective view of the cable connector assembly
illustrated in Fig. 24;

{0808] Fig. 2C is a perspective view of the cable connector assembly illustrated in Fig.
Z2B;

{B069%] Fig. 2D is a side elevation view of the electrical cable connector system
illustrated in Fig. 1A showing the system in an assembled configuration;

[6816] Fig. 2E is a perspective view of a printed circuit board of cable connector
assembly illustrated in Fig. 2A;

[8611] Fig. 3A is a perspective view of a receptacle connector and a header connector
of the electrical connector system illustrated in Fig. 1, configured to be mated with each other;

{66312} Fig 3B is a side elevation view of the receptacle connector and the header
connector iltustrated in Fig. 3A;

[B013] Fig. 3C is another side elevation view of the receptacle connector and the header
connector illustrated in Fig. 3A;

[0014] Fig. 4A is a perspective view of the receptacle connector illustrated in Fig. 3A,
showing the mating interface;

{8015} Fig. 4B is a perspective view of the receptacle connector illustrated in Fig. 3A,
showing the mounting interface:

{0818] Fig. 4C is a perspective view of the header connector illustrated in Fig. 34,
showing the mating interface;

[8617] Fig. 4D is a perspective view of the header connector illustrated in Fig. 3A,
showing the mounting interface;

[8018] Fig. 5A is a top plan view of the receptacle connector and the header connector

ittustrated in Fig. 3A, shown mated with each other;
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[0019] Fig. 5B is a sectional side elevation view of the receptacle connector and the
header connector illustrated in Fig. 5A, taken along line 5B-5B;

{0020} Fig. 6A is a partial exploded perspective view of one of the electrical contacts of
the receptacle connector shown being inserted into the connector housing, and shown inserted in
the connector housing;

{0021} Fig. 6B is a sectional side clevation view of the electrical contact tllustrated in
Fig. 6A, shown inserted in the connector housing;

[0022] Fig. 7A is a partial exploded perspective view of one of the electrical contacts of
the header connector shown being inserted into the connector housing, and shown inserted in the
conngctor housing;

[6023] Fig. 7B is a sectional side elevation view of the electrical contact illustrated in
Fig. 7A, shown inserted in the connector housing;

{0024] Fig. 8A is a side elevation view of the electrical contacts of the header connector
aligned to be mated with the electrical contacts of the receptacle connector;

[08258] Fig. 8B is a side clevation view of the electrical contacts illustrated in Fig. 8A
shown mated:

{08261 Fig. 9A is a sectional end elevation view of one of the plurality of electrical
cables illustrated in Fig. 1, constructed in accordance with one embodiment; and

{0627] Fig. 9B is a sectional end elevation view of one of the plurality of electrical

cables illustrated in Fig. 1, constructed in accordance with another embodiment.

DETAILED DESCRIPTION

[0628] The present disclosure may be understood more readily by reference to the
following detailed description taken in connection with the accompanying figures and examples,
which form a part of this disclosure. It is to be understood that this disclosure is not limited to
the specific devices, methods, applications, conditions or parameters described and/or shown
herein, and that the terminology used herein is for the purpose of describing particular
embodiments by way of example only and is not intended to be limiting of the claimed
invention. Also, as used in the specification including the appended claims, the singular forms
“a,” “an,” and “the” include the plural, and reference to a particular numerical value includes at
least that particular value, unless the context clearly dictates otherwise. The term “plurality”, as
used herein, means more than one. When a range of values is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the antecedent “about,” it will be understood

that the particular value forms another embodiment. Al ranges are inclusive and combinable.
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100291 1t is to be appreciated that certain features of the disclosure which are, for
clarity, described herein in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the disclosure that are, for
brevity, described in the context of a single embodiment, may also be provided separately or in
any suitable sub combination as desired.

[0038] Referring to Figs. 1-2D, an electrical connector system 10 includes an electrical
cable connector assembly 100, and a complementary second electrical connector assembly 200
configured to mate with the electrical cable connector assembly 100. The electrical cable
connector assembly 100 can include a housing, which can be referred to as a system housing
102, electrical cables 300 supported by the system housing 102, and an electrical connector 400
supported by the system housing [02. The electrical cables 300 are supported by the system
housing 102 so as to be placed in electrical communication with the electrical connector 400.
For instance, the electrical cable connector assembly 100 can include a substrate, which can be
configured as a first printed circuit board 104. The electrical connector 400 and the electrical
cables 300 are each configured to be mounted to the printed circuit board 104, as described in
more detail below, so as to place the electrical cables 300 in electrical communication with the
electrical connecior 400. The second electrical connector assembly 200 can include a second
electrical connector 500 and an electrical component 600. The electrical component 600 can be
configured as desired, and in one embodiment can be configured as a substrate that, in turn,
defines a second printed circuit board 602, The second electrical connector 500 is configured to
be mounted to the electrical component 600 so as to place the second electrical connector 500 in
electrical communication with the electrical component 600.

[6031] The system housing 102 can include a housing body 120 and a retention
member 115 that is configured to be attached to the housing body 120. The housing body 120 is
configured to support the first printed circuit board 104, When the electrical connector 404 is
mounted to the first printed circuit board 104, the housing body 120 can be said to support the
electrical connector 400 as well. The retention member 115 is configured to apply a compressive
force to the electrical cables 300 against the housing body 120, The housing body 120 includes a
housing base 122. The housing base 122 can be sized and shaped as desired. For instanee, the
housing base 122 can be substantially planar along the longitudinal direction L and the lateral
direction A. The housing body 120 can further define opposed side walls 124 that extend out
from the housing base 122 along the transverse direction T. The side walls 124 can be spaced
from each other along the lateral direction A. The housing body 120 can further include a rear

wall 126 that extends out from the housing base 122 along the transverse direction T. The rear
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wall 126 can extend between the side walls 124 along the lateral direction A. For instance, the
rear wall 126 can extend from one of the side walls 124 to the other of the side walls 124, The
housing base 122, the side walls 124, and the rear wall 126 can define a void 125.

[6632] It should be appreciated that the housing base 122 defines a first transverse end
123a of the housing body 120 along the transverse direction T. The housing body 120 can define
a second transverse end 123b along the transverse direction T opposite the first transverse end
123a. Thus, the second transverse end 123b can be opposite the housing base 122 along the
transverse direction T. At least a portion up to an entirety of the second transverse end 123b can
be open to the void 125 along the transverse direction. It should be further appreciated that the
housing body 120 defines an open first longitudinal end 127a, and the rear wall defines a second
longitudinal end 127b of the housing body 120 opposite the first longitudinal end 127a along the
longitudinal divection L. Thus, the first longitudinal end 127a can be opposite the rear wall 126
along the longitudinal direction L. At least a portion up fo an entirety of the first longitudinal
end 127a can be open to the void 125 along the longitudinal direction L. A direction from the
first longitudinal end 127a toward the second longitudinal end 127b along the longitudinal
direction L can be referred to as a forward direction. A direction from the second longitudinal
end 127b toward the first longitudinal end 1272 along the longitudinal direction L can be referred
to as a rearward direction.

[8633] The system housing 102 can further include a brace 128 that is supported by the
housing body 120. For instance, the brace 128 can be directly supported by at least one or both
of the side walls 124, Alternatively or additionally, the brace 128 can be directly supported by
the rear wall 128, For instance, the brace 128 can be configured as a ledge 130 that extends from
at least one or both of the side walls 124 into the void 125 toward the other of the side walls 124.
Alternatively or additionally, the ledge 130 can extend the rear wall 128 into the void 125. The
ledge 130 is configured to provide a seat for the first printed circuit board 104.

{0034} The housing body 120 can define a first region 132a and a second region 132b
that is spaced from the first region 132a in the forward direction. The ledge 130 can extend from
the side walls 124 at the second region 132b, and can terminate without extending from the side
walls 124 at the first region 132a. The first printed circuit board 104 is configured to be inserted
into the housing body 120 through the open first longitudinal end 1272 along the forward
direction so that the first printed circuit board 104 is supported by the ledge 130. For instance,
the ledge 130 can be disposed between the first printed circuit board 104 and the housing base
122. 1t should be appreciated that the printed circuit board 104 defines a first region 104aand a

second region 104b spaced from the first region 104a in the forward direction. The first printed
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circuit board 104 defings a first width along the lateral direction A at the first region 104a and a
second width along the lateral direction A at the second region 104b that is less than the first
width. When the printed circuit board 104 is supported by the housing body 120, the second
region 104b is disposed at the second region 132b of the housing body 120. The first region
104a is disposed at the first region 132a of the housing body 120, Thus, the electrical cable
assembly 100 can be constructed such that the first region 104a of the first printed circuit board
104 is not directly supported by the ledge 130,

[0035] The side walls 124 can be spaced from each other a first width at the first region
132a along the lateral direction A. The side walls 124 can be spaced from each other a second
width at the second region 132b along the lateral direction A. The first width is greater than the
second width. The first region 312a of the housing body 120 can further include a rail 134 that
extends from each of the side walls 124 toward the other of the side walls 124 along the lateral
direction A. The raifs 134 can thus be spaced from the housing base 122 along the transverse
direction T. The first region 312a of the housing body 120 can further include an attachment
member that is configured to attach to the retention member 115, For instance, the attachment
ember can be configured as an aperture 131 that extends through each of the side walls 124, For
instance, the apertures 131 can be disposed between the rails 134 and the base 122.

[8036] Referring now to Figs. 1A-2E, The first printed circuit board 104 can define a
dielectric or electrically insulative substrate body 106 and a first plurality of mounting locations.
The first plurality of mounting locations can be configured as a first plurality of electrically
conductive contact pads 108 carried by the body 106. The substrate body 106 can be made of
any suitable material, such as a thermoset resin, The subsirate body 106 can be substantially
rigid, and planar along the lateral direction A and the longitudinal direction L. For instance,
when a bending force is applied to the substrate body 106 sufficient to cause the substrate body
to bend, and the bending force is released, the substrate body 106 returns to a substantially planar
configuration. The contact pads 108 can be arranged in an array 110 as described herein with
respect to the electrical contacts 404, such that each of the electrical contacts 404 is configured to
be mounted to respective ones of the contact pads 108, For instance, the array 110 can include a
plurality of rows 112 and a plurality of columns 114 that are oriented perpendicular with respect
to the rows 112, The rows 112 and columns 114 can be oriented in any directions as desired. In
one example, the rows 112 can be oriented in the lateral direction A, and the columups 114 are
oriented in the longitudinal direction L. The first electrical connector 400 is configured to be
mounted to the first printed circuit board 104 such that the electrical contacts 404 are placed in

physical and electrical contact with respective ones of the contact pads 108, The contact pads

-6 -



WO 2014/160664 PCT/US2014/031642

can be configured to electrically connect with mounting ends of the electrical contacts of the first
electrical connector 400 in any manner as desired, including a variety of surface mounted
connectors such as fusible elements (which may be referred to as a ball grid array (BGA)), land
grid array (LGA), J-leads, and/or socket T's.

{80371 The body 106 of the first printed circuit board 104 can define a first surface
106a and a second surface 106b opposite the first surface 106a along the transverse direction T,
Fach of the first and second surfaces can be planar along the lateral direction A and the
longitudinal direction L. The first surface 106a can carry the first phurality of contact pads 108.
The second surface 106b can face the system housing 102. 1o particular, the second surface 106b
can face the housing base 122 of the system hosing 102. The first printed circuit board 104
further includes at least a second plurality of mounting locations that are in electrical
communication with respective ones of the first plurality of mounting locations. The second
plurality of mounting locations are configured to physically and electrically contact respective
ones of the electrical cables 300, The second plurality of mounting locations can be configured
as a second plurality of electrical contact pads 116 that are configured to physically and
electrically contact respective ones of the electrical cables 300. The second plurality of contact
pads 116 can be disposed proximate to an edge 106c¢ of the body 106 that is oriented along the
fateral direction A. The edge 106¢ can be disposed at the first region 104a. Thus, the contact
pads 116 can be disposed at the first region 104a. The contact pads of the second plurality of
contact pads 116 can be spaced from each other along the lateral direction A. For instance, the
second plurality of contact pads 116 can be supported by the first surface 106a of the first printed
circuit board 104. At least some of the second plurality of contact pads 116 up to all ot the
second plurality of contact pads 116 are in electrical communication with a respective at least
one of the first plurality of contact pads 108. For instance, the printed circuit board 104 can
include a plurality of electrical traces that are supported by the body 106 and electrically connect
respective ones of the first plurality of contact pads 108 with respective ones of the second
plurality of contact pads 116.

[6838] The first printed circuit board 104 further includes a third plurality of mounting
locations that are in electrical communication with respective ones of the first plurality of
mounting locations. The third plurality of mounting locations are configured to physically and
electrically contact respective ones of the electrical cables 300. The third plurality of mounting
locations can be configured as a third plurality of contact pads 117 that are configured to
physically and electrically contact respective ones of the electrical cables 300, The third

plurality of contact pads 117 can be disposed proximate to the edge 106¢ of the body 106. Thus,
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the contact pads 117 can be disposed at the first region 104a. The contact pads 117 of the third
plurality of contact pads 117 can be spaced from each other along the lateral direction A. For
instance, the third plurality of contact pads 117 can be supporied by the second surface 106b of
the first printed circuit board 104. In one embodiment, the second surface 106b can be devoid of
any mounting locations other than the third plurality of contact pads 117. In accordance with
one embodiment, the third plurality of contact pads 117 can be opposite the second plurality of
contact pads 117. At least some of the third plurality of contact pads 117 up to all of the third
plurality of contact pads 117 are in electrical communication with a respective at least one of the
first plurality of contact pads 108, For instance, the printed circuit board 104 can include a
plurality of electrical traces that are supporied by the body 106 and electrically connect
respective ones of the first phurality of contact pads 108 with respective ones of the third plurality
of contact pads 117.

{0639] Referring now to Figs. 3A-4D, the electrical connector 400 is configured to
mate with the second electrical connector 580 so as to place the electrical cables 300 in electrical
communication with the electrical component 600. Thus, though the electrical connector 400 is
configured to be mounted onto a printed circuit board, the printed circuit board 104 places the
mounted clectrical connector 400 in electrical communication with the electrical cables 300
before the electrical connector 400 is mated with the second electrical connector 500. For
instance, the clectrical connector 400 includes a connector housing 412 and an array of elecirical
contacts 404 that are supported by the connector housing 412. The electrical connector 400 can
be referred to as a first electrical connector, the connector housing 412 can be referred toas a
first connector housing, and the array of electrical contacts 404 can be referred to as a {irst array
of electrical contacts. The connector housing 412 can be made of any suitable dielectric
material, such as plastic and the electrical contacts 404 can be made of any suitable electrically
conductive material, such as metal. In accordance with the illusirated embodiment, the
connector housing 412 can be overmolded onto the electrical contacts 404. Alternatively, the
electrical contacts 404 can be stitched into the connector housing 412 or otherwise supported by
the connector housing 412 as desired. The first electrical connector 404 is configured to be
mounted the substrate to the first printed circuit board 104 at the mounting interface 408 such
that the first electrical connector 404 is placed in electrical communication with the first printed
circuit board 104.

{#040] The connector housing 412 can include a housing body 414 that defines opposed
first and second sides 414a and 414b that are spaced from each other along a first or longitudinal

direction L, opposed third and fourth sides 414c and 414d that are spaced from each other along
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a second or lateral direction A that extends substantially perpendicular to the longitudinal
direction L, an inner end 414¢ that defines a mating interface 406, and an outer end 414f that is
spaced from the inner end 414¢ along a third or transverse direction T and defines an opposed
mounting interface 408. The transverse direction T extends substantially perpendicular to both
the longitudinal direction L and the lateral direction A. It should be appreciated that in
accordance with the illustrated embodiment, the longitudinal direction L and the lateral direction
A are oriented horizontally, and the transverse direction T is oriented vertically, though it should
be appreciated that the orientation of the first electrical connector 400, and thus the electrical
connector system 10, can vary during use. Unless otherwise specified herein, the terms “lateral,”
“laterally,” “longitudinal,” “longitudinally,” “transverse,” and “transversely” are used to
designate perpendicular directional components in the drawings to which reference is made.

{0041] Similarly, the second electrical connector 500 can include a connector housing
5§12, which can be referred to as a second connector housing, that is configured to support the
second array 502 of electrical contacts 504, which can be referred to as a second array of
electrical contacts. The connector housing 512 can be made of any suitable dielectric material,
such as plastic and the electrical contacts 504 can be made of any suitable electrically conductive
material, such as metal. In accordance with the illustrated embodiment the connector housing
512 can be overmolded onto the electrical contacts 504. Alternatively, the clectrical contacts 504
can be stitched into the connector housing 512 or otherwise supported by the connector housing
512 as desired. The connector housing 512 can include a housing body 514 that defines opposed
first and second sides 514a and 514b that are spaced from each other along a first or longitudinal
direction L, opposed third and fourth sides 514c and 5144 that are spaced from each other along
a second or lateral direction A that extends substantially perpendicular to the longitudinal
direction L, an inner end 514e, and an outer end 514f that is spaced from the inner end Sl4e
along a third or transverse direction T that extends substantially perpendicular to both the
longitudinal direction L and the lateral direction A. The inner end 514e can define the mating
interface 506, and the outer end 514f can define a mounting interface 508 of the second electrical
connector 500. The second electrical connector 500 is configured to be mounted to the electrical
component 600 at the mounting interface 508.

[8842] Accordingly, when the first and second electrical connectors 400 and 500 are
mated to each other, such that the mating interface 406 of the first electrical connector 460
engages with the mating interface 506 of the second electrical connector 50{ to place the

respective arrays of electrical contacts 404 and 504 in electrical communication with each other,
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the first and second electrical connectors 400 and 500 can operate to place the first printed circuit
board 104 in electrical communication with the second printed circuit board 602.

[6843] Because the mating interface 406 of the first electrical connector 400 and the
mating interface 506 of the second electrical connector 500, respectively, are oriented
substantially parallel to the respective mounting interfaces 408 and 508, the first and second
electrical connectors 400 and 500 can be referred to as vertical or mezzanine electrical
connectors. However it should be appreciated that one or both of the first and second electrical
connectors 400 and 500 can be otherwise constructed as desired, for instance as right-angle
electrical connectors such that the respective mating interfaces are orienied substantially
perpendicular to the respective mounting interfaces.

{0044] Further in accordance with the illustrated embodiment, the electrical contacts
404 of the first array 402 of electrical contacts 404 are arranged info at least two such as a
plurality of rows that extend along a row direction R that can be defined by the longitudinal
direction L and into at least two such as a plurality of columns that extend substantially
perpendicular to the rows along a column direction C that can be defined by the lateral direction
A. As illustrated, each row or electrical contacts 404 can intersect with every column of
electrical contacts 404, and each column of electrical contacts can intersect with every row of
electrical contacts 404. In this regard, it can be said that cach of the at least two rows of
clectrical contacts 404 intersects each of the at least two columns of electrical contacts 404,
Similarly, in accordance with the illustrated embodiment, the electrical contacts 504 of the
second array 302 of electrical contacts 504 are arranged into at least two such as a plurality of
rows that extend along a row direction R that can be defined by the longitudinal direction L and
into at least two such as a plurality of columns that extend substantially perpendicular to the rows
along a column direction C that can be defined by the lateral direction A. As illustrated, each
row or electrical contacts 504 can intersect with every column of electrical contacts 504, and
each column of electrical contacts can intersect with every row of electrical contacts 504, In this
regard, it can be said that each of the at least two rows of electrical contacts 504 intersects each
of the at least two colunmns of electrical contacts 504. The arrays 402 and 302, respectively, can
define any number of columns and rows of electrical contacts 404 and 504, respectively, as
desired as described hergin. The rows and columns of the first and second electrical connectors
400 and 500 can be numerically and spatially identical to each other.

{0645] Referring also to Figs. 6A-68, each electrical contact 404 can have a contact
body 405 that defines a mating end 416 that extends out from that mating interface 406, an

opposed mounting end 418 that extends out from the mounting interface 408, and a lead portion
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419 that extends between the mating end 416 and the mounting end 418, At least a portion of the
contact bady 405 of each electrical contact 404 can be curved between the mating and mounting
ends 416 and 418, respectively, as it extends between the mating end 416 and the mounting end
418 along the transverse direction T. As described in ULS. Patent No. 6,042,389, which is
incorporated by reference as if set forth in is entirety herein, each of the electrical contacts 404
can be a receptacle contact that include a base 404a, and a pair of cantilevered spring arms,
including a {irst spring arm 404b and 3 second spring arm 404¢ that each extends from the base
4043 along the transverse direction T toward the inner end 414e, such that the mounting end 418
extend from the base 4{4a toward the outer end 414f. Each spring arm 404b and 404c can be
resiliently supported by the base 4043, and can extend from the base 404a to a3 respective free
distal tip 420. The base 404a can be defined by the lead portion 419.

18046] Each of the first cantilevered spring arm 404b and the second cantilevered
spring arm 404¢ of each electrical contact 404 can be offset from each other both along the row
direction R such that each electrical contact defines a gap between the spring arms 404b and
4G4c along the row direction R. The spring arms 404b and 404c¢ can further be spaced from cach
other along the column direction C. For instance, each spring arm 404b and 404c¢ can further
define a curved region between the base 404a and the respective distal tip 420, for instance a
region of generally “S” shaped curvature. Thus, the tip 420 of cach spring arm 404b and 404c¢ is
offset along the longitudinal direction L with respect to the mounting end 418. One of the spring
arms 4{4b and 404¢ can be curved such that the distal tip 428 is offset toward one of the first
side 414a or the second side 414b with respect to the mounting end 418, and the other of the
spring arms 404b and 404c¢ can be curved such that the distal tip 420 is offset toward the other of
the first side 414a or the second side 4 14b with respect to the mounting end 418, The first and
second spring arms 404b and 404¢ are configured to flex with respect to the base 404a away
from each other when a plug mating end, for instance of the second electrical connector 560 is
inserted between the spring arms 404b and 404¢ along the column direction C.

{80471 The electrical contacts 404 can further include respective solder balls 422 that
project out from the mounting end 418 proximate to the mounting interface 408. The solder
balls 422 can be attached or otherwise supported by the mounting ends 418, | for instance fused
to the mounting end 418, and are configured to be mounted to the electrically conductive contact
pads 108 of the printed circuit board 104, for instance by positioning the first electrical connector
400 on the first printed circuit board 104 and subjecting the first electrical connector 460 and the
first printed cireuit board 104 to a solder reflow process whereby the solder balls 422 fuse to the

respective ones of the contact pads 408 of the first printed circuit board 104. The solder balls

-11 -



WO 2014/160664 PCT/US2014/031642

422 can all be co-planar with each other along the mounting interface 408, both before and after
the solder reflow process is completed. It should further be appreciated that the electrical
contacts 404 are not limited to the illustrated mounting ends 418, and that the mounting ends 418
can be alternatively configured with any other suitable fusible or non-fusible element as desired,
such as press-fit mounting tails configured to be inserted into complementary vias of the first
printed circuit board 104.

[6048] The first electrical connector 400 can define a plurality of pockets 424 that
extend into the housing body 414 along the transverse direction T. For instance, the pockets 424
can extend into the outer end 4147 of the housing body 414 of the connector housing 412 along
the transverse direction T toward the inner end 414e. The mounting ends 418 of the contact
body 405 can extend into the pockets 424, such that the solder balls 422 are disposed in
respective ones of the pockets 424. Accordingly, the mounting ends of each of the electrical
contacts 404, which can include the mounting ends 418 of the contact body 405 and the
respective solder ball 422 can be at least partially disposed in the pockets 424, Thus, when the
first array 402 of electrical contacts 404 is supported by the connector housing 412, each solder
ball 422 is at least partially recessed with respect to the outer end 414f of the housing body 414,
in a respective one of the plurality of pockets 424, In this regard, it can be said that the solder
balls 422 of the first array 402 of electrical contacts 404 protrude out with respect to the outer
end 414f of the housing body 414.

[684%] With continuing reference to Figs. 6A-6B, the connector housing 412 can
further define a plurality of retention apertures that extend through the housing body 414 along
the transverse direction T from the inner end 414¢ of the housing body 414 of the connector
housing 412 to the outer end 4141 of the housing body 414. The retention apertures can include
retention cavities 426 that extend into the inner end 414e of the housing body 414 ot the
connector housing 412 along the transverse direction T, and the plurality of pockets 424 that are
substantially aligned with the retention cavities 426 along the transverse direction T. The
retention cavities 426 can be configured to at least partially receive a respective retention portion
of the electrical contacts 404, such that when the first array 402 of electrical contacts 404 is
supporied by the connector housing 412, the mating end 416 of each electrical contact 404
protrudes out with respect to the inner end 414e of the housing body 414. Each retention cavity
426 can be at least partially defined by at least one inner wall 427, Further, each retention cavity
426 can be at least partially defined by a shelf 4273 that extends in from the inner walls 427 at a
focation between the inner end 4 14¢ and the outer end 414f. Each shelf 427a can be substantially

parallel to the inner end 414¢ and the outer end 414f, The pockets 424 can be disposed between
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the shelf 4274 and the outer end 4141, The connector housing 412 can define a height H3 along
the transverse direction T from the inner end 414e to the outer end 4141 from 0.3mm to 0.7mm,
for instance 0.5mm. The connector housing 412 can define a height H4 along the transverse
direction T from the inner end 4 14e to the shelf 427a from 0.2nun to §.4oum, for instance 0.3mm.

[6858] The clectrical contacts 404 can include broadsides 4734 and edges 475b as
defined above with respect to the electrical contacts 104. The electrical contacts 404 can further
include a retention portion that includes at least one retention wing 415, for instance first and
second opposed retention wings 4135 that project out from opposed sides of the base 404a, for
instance along the row direction R. Thus, the retention wings 415 that project out from opposed
sides of the base 404a in opposite directions along a first direction that separates opposed edges
of the electrical contacts 404, The retention wings 415 can extend to a location outboard of both
the base 404a portion and the respective ones of the first and second spring arms 404b and 404c¢.
The retention wings 415 can project out to respective free distal tips 415a that are spaced from
each other connector a distance along a select direction that is slightly greater than the cross-
sectional dimension of the retention cavity 426 along the select direction. Accordingly, the
retention wings 415 can be press-fit against the at least one inner wall 427 so as to retain the
electrical contact 404 in the connector housing 412. Thus, in accordance with one embodiment,
the electrical contacts 404 touch the connector housing 412 at only two locations, defined by
respective abutments between the retention wings 415 and the at least one inner wall 427.
Further, as illustrated in Fig. 68, the broadsides of the electrical contacts 404 are spaced from the
at least one inner wall 427, along a second direction that separates the opposed broadsides, along
an entirety of a length between the opposed retention wings 415 along the first direction that
separates the opposed edges. Further, the broadsides can be continuous from one of the retention
wings 415 to the other of the retention wings, and from each of the spring arms 404b and 404¢ io
the mounting end 418. Moreover, the electrical contacts 404 can be devoid of enclosed apertures
that extend through the contact body 4045 from one broadside to the other broadside. Because
wicking of solder flux during the solder reflow operation is directed toward contact locations
between the contact body 405 and the connector housing 412, the electrical contacts are
configured such that any wicking will occur between the retention wings 415 and the connector
housing 412, which is offset from a data flow path between the mounting end 418 and each of
the spring arms 404b and 404¢c. Thus, the data flow path is substantially devoid of wicked solder
flux. Furthermore, because the contact body is substantially planar in the cavity 424, the solder
is able to substantially fill the cavity 424 during the solder reflow operation. Each electrical

contact 404 can define a thickness in the longitudinal direction L of approximately 0. lmm.
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Thus, the opposed broadsides of each electrical contact 404 can be spaced from each other a
distance of approximately 0.Imm. The thickness can be defined by the sheet of material that
forms the electrical contacts 404 before the electrical contacts are stamped or otherwise cut from
the sheet of material. Each of' the retention wings 415 can be curved. For instance, each of the
retention wings 415 can be defined by a radius. For instance, each of the retention wings 415
can be defined by a radius of approximately 0.6mm. Each of the retention wings 415 can define
a contact area defined at a location where the retention wing 415 abuts the connector housing
412. The contact arca can thus be defined by the thickness of the electrical contact 404 in the
longitudinal direction L and a contact height dimension along the transverse direction T, from
(.01mm to §.15mm, of the electrical contact at the retention wings 415 that are in physical
contact with the connector housing. For instance, the contact height dimension of each wing 415
can be 0.06mm. Thus, the contact area can be between 0.001mm squared and 0.01 5mm squared,
such as 0.012mm squared. One or both of the connector housing 412 and the electrical contact,
at the wings 4185, can deform when the electrical contacts 404 are mounted in the connectoy
housing 412 to define the contact height dimension. Without being bound by theory, it is
believed that the reduction of a cumulative contact area defined by all of the electrical contacts
404 and the connector housing 412 is reduced with respect to conventional electrical connectors,
which correspondingly reduces internal forces applied by the elecirical contacts 404 to the
connector housing 412 that might otherwise cause the connector housing 412 to deform,
particularly the inner and cuter ends 414e and 4141, during the solder reflow operation. The
reduction of internal forces thus allows the connector housing 414 to have a reduced height along
the transverse direction T with respect to conventional connector housings 414 while maintaining
the planarity of the inner and outer ends 414e and 4144, and further maintaining the co-planarity
of the solder balls 422,

[6851] Referring now also to Figs. 7A-78B, each of the ¢lectrical contacts 504 can have
a contact body 505 that defines a mating end 516 that extends out from that mating interface 509,
an opposed mounting end 518 that extends out from the mounting interface 508, and a lead
portion 519 that extends between the mating end 516 and the mounting end 518. As described in
U.S. Patent No. 6,042,389, which is incorporated by reference as if set forth in its entirety herein,
Each of the electrical contacts 504 can be configured as a plug contact. Thus, the mating end
516 can define a blade that is planar and is oriented to lies within a plane defined by the lateral
direction A and the transverse direction T. The mating end 516 can define a distal tip 520 that is

inline with the mounting end 518 along the transverse direction T. The mating end 516 can have
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a dimension in the lateral direction A that is greater than the gap that separates the first and
second spring arms 404b and 404c¢.

{0052} 'The electrical contacts 504 can further include respective solder balls 522 that
project out from the mounting end 518 proximaie to the mounting interface 508. The solder
balls 522 can be attached or otherwise supporied by the mounting ends 518, for instance fused to
the mounting end 518, and are configured to be mounted to corresponding electrical contacts, for
instance electrically conductive contact pads of the second printed circuit board 602, for instance
by positioning the first electrical connector 500 on the second printed circuit board 602 and
subjecting the second electrical connector S0 and the second printed circuit board 602 to a
solder reflow process whereby the solder balls 522 fuse {o the respective contact pads of the
second printed circuit board 602. The solder balls 522 can all be co-planar with each other along
the mounting interface 508, both before and after the solder reflow process is completed. Thus,
all of the solder balls 422 at the mounting ends of first electrical connector 400 are coplanar with
each other in a first plane, both before and after the solder balls 422 are reflowed to the first
printed circuit board 104 so as to mount the first electrical connector 400 to the first printed
circuit board 104. Similarly, all of the solder balls 522 at the mounting ends of the second
electrical connector 500 are coplanar with each other in a second plane, both before and after the
solder balls 522 are reflowed to the second printed circuit board 602 so as to mount the second
electrical connector 304 to the second printed circuit board 602. The first plane can be parallel
with the second plane. It should further be appreciaied that the electrical contacts 504 are not
limited to the illustrated mounting ends 518, and that the mounting ends 518 can be alternatively
contfigured with any other suitable fusible or non-fusible element as desired, such as press-fit
mounting fails configured to be inserted into complementary vias of the second printed circuit
board 602.

[80583] The second electrical connector 500 can define a plurality of pockets 524 that
extend into the housing body 514 along the transverse direction T. For instance, the pockets 524
can extend into the outer end 3141 of the housing body 514 of the connector housing 512 along
the transverse direction T toward the inner end 514e. The mounting ends 518 of the contact
body 505 can extend into the pockets 524, such that the solder balls 522 are disposed in
respective ones of the pockets 524. Accordingly, the mounting ends of each of the elecirical
contacts 504, which can include the mounting ends 518 of the contact body 505 and the
respective solder ball 522 can be at least partially disposed in the pockets 524. Thus, when the
first array 302 of electrical contacts 504 is supported by the connector housing 512, each solder

ball 522 is at least partially recessed with respect to the outer end 514f of the housing body 514,
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in a respective one of the plurality of pockets 524. In this regard, it can be said that the solder
balls 522 of the first array 502 of glectrical contacts 504 protrude out with respect to the outer
end 514f of the housing body 514.

[6654] With continuing reference to Figs. 7A-78, the connector housing 512 can
further define a plurality of retention apertures that extend through the housing body 514 along
the transverse direction T from the inner end 5 14e of the housing body 514 of the connector
housing 512 to the outer end 514f of the housing body 514. The retention apertures can include
retention cavities 526 that extend into the inner end 514e of the housing body 514 of the
connector housing 512 along the transverse direction T, and the plurality of pockets 524 that are
substantially aligned with the retention cavities along the transverse direction T. Each of the
retention cavities 526 and can be configured to at least partially receive a respective retention
portion of the electrical contacts 504, such that when the first array 502 of electrical contacts 504
is supported by the connector housing 512, the mating end 516 of each electrical contact 504
protrudes out with respect to the inner end 514e of the housing body 514. Each retention cavity
526 can be at least partially defined by at least one inner wall 527. Further, each retention cavity
526 can be at least partially defined by a shelf 527a that extends in from the inner walls 527 at a
location between the inner end 514e and the outer end 514f. Each shelf 527a can be substantially
parallel to the inner end 514¢ and the outer end 514f. The pockets 524 can be disposed between
the shelf 527a and the outer end 514f, The connector housing 512 can define a height H5 along
the transverse direction T from the inner end 514e to the outer end 514f from 0.2mm to 0.6mm,
for instance 0.4mm. The connector housing 512 can define a height H6 along the transverse
direction T from the inner end 514e to the shelf 5273 from (.2mm to {.4mm, for instance
instance 0.3mm.

[8055] The electrical contacts 504 can include broadsides 575a and edges 575b as
defined above with respect to the electrical contacts 204, The electrical contacts 504 can further
include a retention portion that includes at least one retention wing 515, for justance first and
second opposed retention wings 515 that project out from opposed sides of the lead portion 519,
for instance along the row direction R. Thus, the retention wings 5135 that project out from
opposed sides of the base 504a in opposite directions along a first direction that separates
opposed edges of the electrical contacts 504. The retention wings 515 can extend to a location
outboard of one or both of the mating end 516 and the mounting end 518. The retention wings
515 can project out o respective free distal tips 515a that are spaced from each other connector a
distance along a select direction that is slightly greater than the cross-sectional dimension of the

retention cavity 526 along the select direction. Accordingly, the retention wings 515 can be
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press-fit against the at least one inner wall 527 so as to retain the electrical contact 504 in the
connector housing 512. Accordingly, the retention wings S15 can be press-fit against the at least
one inner wall 527 so as to retain the electrical contact 504 in the connector housing 512. Thus,
in accordance with one embodiment, the electrical contacts 504 touch the connector housing 512
at only two locations, defined by respective abutments between the retention wings 515 and the
at least one inner wall 527. Further, as illustrated in Fig. 7B, the broadsides of the electrical
contacts 504 are spaced from the at least one inner wall 527, along a second direction that
separates the opposed broadsides, along an entirety of a length between the opposed retention
wings 515 along the first direction that separates the opposed edges. Because wicking of solder
tlux during the solder reflow operation is directed toward contact locations between the contact
body 505 and the connector housing 512, the electrical contacts are configured such that any
wicking will occur between the retention wings 513 and the connector housing 512, which is
offset from a data flow path between the mating end 516 and the mounting end 518. Thus, the
data flow path is substantially devoid of wicked solder flux. Furthermore, because the contact
body is substantially planar in the cavity 524, the solder is able to substantially fill the cavity 524
during the solder reflow operation.  Each electrical contact 504 can define a thickness in the
longitudinal direction L of approximately 0. lmm. Thus, the opposed broadsides of cach
electrical contact 504 can be spaced from each other a distance of approximately 0.1mm. The
thickness can be defined by the sheet of material that forms the electrical contacts 504 before the
electrical contacts are stamped or otherwise cut from the sheet of material. Each of the retention
wings 515 can be curved. For instance, each of the retention wings 515 can be defined by a
radius. For instance, each of the retention wings 515 can be defined by a radius of
approximately 0.6mm. Each of the retention wings 515 can define a contact area defined at a
location where the retention wing 515 abuts the connector housing 512, The contact area can
thus be defined by the thickness of the electrical contact 504 in the longitudinal direction L and a
contact beight dimension along the transverse direction T, from 0.01mm to 0.15mm, of the
electrical contact at the retention wing 5135 that is in physical contact with the connector housing.
For instance, the contact height dimension of each wing 415 can be 0.06mm. Thus, the contact
area can be between 0.00 lmm squared and 0.01 5mm squared, such as 0.012mm squared. One or
both of the connector housing 512 and the electrical contact, at the retention wings 5153, can
deform when the electrical contacts 504 are mounted in the connector housing 512 to define the
contact height dimension. Without being bound by theory, it is believed that the reduction of a
cumulative contact area defined by all of the electrical contacts 504 and the connector housing

512 is reduced with respect to conventional electrical connectors, which correspondingly reduces
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internal forces applied by the electrical contacts 504 to the connector housing 512 that might
otherwise cause the connector housing 512 to deform, particularly the inner and outer ends 5i4de
and 5144, during the solder reflow operation. The reduction of internal forces thus allows the
connector housing 512 to have a reduced height along the transverse direction T with respect to
conventional connector housings 512 while maintaining the planarity of the inner and outer ends
3i4de and 5141, and further maintaining the co-planarity of the solder balls 522.

[8856] Each of the first and second electrical connectors 400 and 500 can include at
least one alignment member configured to engage cach other 50 as to ensure that the respective
electrical contacts 404 and 504 are aligned to be mated when the first and second electrical
connectors 400 and 500 are mated with each other along the mating direction M. Each of the
first and second electrical connectors 400 and 500 can further include at least one orientation
member orientation member configured to engage each other only when the first and second
electrical connectors 400 and 500 are in a predetermined orientation with relative to each other,
thereby ensuring the relative orientation when the first and second electrical connectors 400 and
500 ave mated to each other. For instance, accordance with one embodiment, the first electrical
connector 400 can include at least one recess, such as a first recess 455a and a second recess
455b that extend at least into the connector housing 412, from the inner end 414e toward the
outer end 414%, for instance from the inner end 414e to the outer end 414f. The first recess 4553
can be disposed at the first side 414a of the connector housing 412, and the second recess 455b
can be disposed at the second side 414b of the connector housing 412, The recesses 455a and
455b can define different lengths along the longitudinal direction L.

{0857} The second electrical connector 500 can include at least one protrusion such as a
first protrusion 5332 and a second protrusion 555b that extend out from the inner end 514e along
the transverse direction T. The first protrusion 555a can be disposed at the first side 514a and
the second profrusion 555b can be disposed at the second side 514b. The first protrusion 555a
can defined a length along the longitadinal direction sized to be received in the first recess 455a.
The second protrusion 355b can be split so as to defined two second protrusion portions, or ¢an
be a single continuous structure, and can define a length along the longitudinal direction L sized
to be received in the second recess 455b, and sized greater than that of the first recess 455a.
Thus, the first and second electrical connectors 400 and 500 are only able to mate with each
other when the first protrusion 5332 is aligned with the first recess 455a, and the second
protrusion 555b is aligned with the second recess 455b. It should be appreciated that the first

and second electrical connectors 400 and 500 can include any suitable alternative alignment
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member as desived. For instance, the first electrical connector 400 can include one or more
projections and the second electrical connector 500 can include one or more recesses.

{0058] Reforring now also to Figs. SA-5B and 8A-8B, the mating ends 516 of the
electrical contacts 504 are aligned with the mating ends 416 of the respective electrical contacts
404 s0 as to be inserted between the respective spring arms 404b and 404¢ along the column
direction C when the first and second clectrical connectors 400 and 500 are mated with each
other. The spring arms 404b and 404¢ are elastically flexible and resilient so as to deflect away
from each other about the base 404a along the column divection C as the mating ends 416 are
inserted thercbetween. The resiliency of the spring arms 404b and 404¢ defines a normal spring
force against the mating end 516 that is inserted between the spring arms 4{4b and 404c.
Because the mating ends S16 define a length along the row direction greaier than that gap
between the adjacent spring arms 404b and 404c¢, the mating ends 516 define first and second
contact locations Cl and C2 with the first and second spring arms 404b and 404c¢, respectively.
The first and second contact locations C1 and C2 can be disposed on opposed sides of the mating
ends 516, For instance, the first and second contact locations Cl and €2 can be disposed on
opposed broadsides of the electrical contacts 504. Thus, cach of the elecirical contacts 404 are
placed in physical and electrical contact with a respective one of the electrical contacts 504, and
each of the electrical contacts 504 are placed in physical and electrical contact with a respective
one of the electrical contacts 404. The mating ends 416 of the electrical contacts 404 of the first
electrical connector 400 can be configured as receptacle mating ends that are configured to
receive complernentary mating ends of the electrical contacts 504 of the second electrical
connector 500 as described above, so as to mate with the electrical contacts 504, In this regard,
the first electrical connector 400 can be referred to as a receptacie electrical connector, and the
second electrical connector 500 can be referred to as a header electrical connector. However it
should be appreciated that the first and second electrical connectors 400 and 500, respectively,
are not Hmited to the lustrated mating ends, and that the electrical contacts of one or both of the
first and second electrical connectors 400 and 300 can be alternatively be confligured with any
other suitable mating ends as desired. For instance, the electrical contacts of the first electrical
connector 400 can be configured as header contacts as described herein with respect to the
second electrical connector 500, Further, the electrical contacts of the second elecitrical
connector 500 can be configured as receptacle contacts as described herein with respect to the
first electrical connector 400,

[8059] When the first and second electrical connectors 40{ and 500 are fully mated to

each other, the clectrical connectors 400 and 300 can combine to define a stack height withina
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range having a lower end between and including approximately imm and approximately 2 mm,
and increments of §.1mm therchetween., The range can have an upper end between and
including approximately 2mm and approximately 4mm, and increments of 0.1mum therebetween,
For instance, the stack height can be approximately 2mm. The stack height can further be
approximately 3mm. The stack height can be defined by a distance along the transverse
direction T between respective locations on the solder balls 422 of the electrical contacts 404 that
are spaced furthest from the inner end 414e of the housing body 414 of the connector housing
412 and respective locations on the solder balls 522 of the electrical contacts 504 that are spaced
furthest from the inner end 514¢ of the housing body 514. Otherwise stated, the stack height can
be defined by opposed outermost ends, along the transverse direction T, of the solder balls 422 of
the first elecirical connector 400 and solder balls 522 of the second electrical connector 500,
While the first electrical connector 400 can be mounted to the first printed circuit board 104 and
the second electrical connector 500 can be mounted to the second printed circuit board 602 as
illustrated in Fig. 1, it should be appreciated that the second electrical connector 500 can
alternatively be mounted to the first printed circuit board 104 and the fivst electrical connector
400 can alternatively be mounted to the second printed circuit board 602.

[B868] Referring again to Figs. 1-2E, the first and second surfaces 106a and 106b can
further support the second and third pluralities of electrical contact pads 116 and 117,
respectively. Each of the pluralities of contact pads 116 and 117 can be counfigured fo
electrically connect to respective ones of the cables 300. Thus, the electrical conductors of the
electrical cables 300 do not physically touch the contact pads 108. The contact pads 116 and 117
are in electrical communication with the one or more of the electrical traces of the first printed
circuit board 104, which in turn are in electrical communication with respective oneso f the first
plurality of contact pads 108, as described above. Accordingly, the electrical cables 300
mounted to respective ones of the contact pads 116 and 117 are placed into electrical
communication with respective ones of the contact pads 108. In particular, each of the electrical
cables 300 can define mounting ends 301 that are configured to be mounted to respective ones of
the contact pads 116 and 117.

[00661] In accordance with the illustrated embodiment, each of the first and second
pluralities of electrical contact pads 116 and 117 may include a plurality of signal contact pads
119, a plurality of ground contact pads 121, and a low speed cable contact pad 123. Signal
contact pads 119, ground contact pads 121, and low speed cable contact pad 123 may be
arranged in rows R1 and R2. Within rows R1 and R2, signal contact pads 119 and ground

contact pads 121 may be in a repeating signal-signal-ground pattern, a ground-signal-signal
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pattern, or a signal-ground-signal pattern. Signal contact pads 119 and ground contact pads 121
may also define a repeating signal-signal-ground-ground pattern, a ground-signal-signal-ground
pattern, or a signal-ground-signal-ground pattern.

[6862] The signal contact pads 119, ground contact pads 121, and low speed cable
contact pads 123 may be in electrical communication with respective ones of the first plurality of
contact pads 108. Referring also to Fig. 9A, each of the cables 300 can each include at least one
electrical conductor 302, which can include a pair of signal carrying conductors 302, and an
electrically insulative layer 304 that surrounds each of the pair of signal carrying conductors 302,
Adjacent ones of the signal carrying conductors 302 can define difterential signal pairs of signal
carrying conductors 302. The electrically insulative layers 304 of each cable can reduce the
crosstalk imparted by one of the signal carrying conductor 302 of the cable 300 to the other of
the signal carrying conductors 302 of the cable 300. Each of the cables 300 can further include
an electrically conductive ground jacket 306 that surrounds the respective insulated layer 304 of
the signal carrying conductors 302, The ground jacket 306 may further reduce crosstalk. The
ground jacket 306 may be configured to be electrically connected to a respective ground plane of
a complementary electrical component to which the cable 300 is mounted. For example, in
accordance with the Hustrated embodiment, a ground jacket 306 of a respective cable 300 may
be contigured to be placed in electrical communication with a ground contact pad 121 of the
printed circuit board 304. In this regard, the ground jacket 306 can provide an electrical path to
ground, or ground path from the ground jacket 306 of the respective cable 300 to the respective
ground plane of the complementary electrical component. Each of the cables 300 can further
include an outer layer 308 that is electrically insulative and surrounds the respective ground
jacket 306. The outer layer 308 can reduce the crosstalk imparted by the respective cable 300 to
another one of the cables 300. The insulative layers 304 and 308 can be constructed of any
suitable dielectric material, such as plastic. The conductors 302 can be constructed of any
suitable electrically conductive material, such as copper.

[6863] In accordance an embodiment depicted in Fig. 9B, each of the electrical cables
300 may further include at least one ground conductor 309, which can be configured as a drain
wire. The ground conductor 309 may be in electrical communication with the ground jacket 306.
Thus, the ground jacket 306 can carry the ground conductor 309 that can also further define the
electrical path to the ground plane. The ground conductors 309 can attach to respective ones of
the ground contact pads 121 of the printed circuit board 304. The ground conductor 30% may be
surrounded by the outer layer 308. The ground conductor 309 may also be surrounded by the

ground jacket 306, when the ground jacket 306 is present.
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[8064] In one embodiment, the electrical cables 300 can further include further include
at least one low speed electrical cable 303. The low speed cables 303 may be a clock wire or
carry signals to confirm an action has been taken. As described above, the low speed cable 303
may include an electrical conductor 302, electrically insulative layers 304 and 308, as wellas a
ground jacket 306. Further, the low speed electrical cable 303 may further include a ground
conductor as desired, which can be coupled to the ground jacket 306 as described above.

[8065] The electrical cables 300 can include a first plurality of electrical cables 300a
(see Fig. 1) that are configured to mount to the contact pads 316, for instance at their respective
mounting ends 301. The electrical cables 300 can further include a second plurality of electrical
cables 300b (see Fig. 1) that are configured to mount to the contact pads 317, for instance at their
respective mounting ends 301.

[0066] FEach of the first and second pluralities of cables 300a and 300b can be mounted
to the printed circuit board 104 in a variety of ways. For instance, a portion of the insulative
lavers 304 and 308 and the ground jacket 306 of each cable 300 can be removed from the
respective conductor 302 at the end 301 so as to expose the conductors 302, Alternatively, the
cable 300 can be manufactured such that the conductors 302 extend longitudinally out from the
insulating layers 304 and 308 and the ground jacket 306 so as to expose the mounting ends 301
of the electrical conductors 302. The exposed mounting ends 301 can be mounted to respective
contact pads, for example by soldering the mounting ends 301 of the electrical conductors 302 to
the contact pad. In one embodiment, the exposed mounting ends 301 of signal carrying
conductors 302 may be mounted to respective ones of the signal contact pads 119. The
mounting ends 301 of the ground conductors 309 may also be mounted to respective ones of' the
ground contact pads 121.

{6067] In accordance with the embodiments described above, ones of the second
plurality of contact pads 116 may be offset along the lateral direction A alone or in combination
with the longitudinal direction L. Further, the mounting ends 301 of the first plurality of cables
300a that are mounted to the second plurality of contact pads |16 may be offset in the lateral
direction A, alone or in combination with the longitudinal direction L. It can thus be said that the
ends 301 of the first plurality of electrical cables 300a can be offset, and in particular offset along
the longitudinal direction L, the lateral direction A, or both the longitudinal direction L and the
lateral direction A. Similarly, ones of the third plurality of contact pads 117 may be offset along
the lateral direction A alone or in combination with the longitudinal direction L. Further, the
mounting ends 301 of the second plurality of cables 300b that are mounted to the third plurality

of contact pads 117 may be offset in the lateral direction A, alone or in combination with the
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fongitudinal direction L. It can thus be said that the ends 301 of the second plurality of electrical
cables 300b can be offset, and in particular offset along the longitudinal direction L, the lateral
direction A, or both the longitudinal direction L and the laleral divection A. By offsetiing the
ends 301 of the cables 304 relative to cach other, cross talk between the cables of the first and
second pluralities of cables 300a and 300b can be reduced.

[8068] Referring now to Figs. 1A-2C, and as described above, the system housing 102
includes a retention member 115 that is configured to be attached to the housing body 120. The
housing 102 is configured to capture the electrical cables 300 between the housing body 120 and
the retention member 115 when the electrical cables are mounted to the printed cirenit board 104
when the printed circuit board 104 is supported by the system housing 102. The retention
member 115 defines a retention base 140 and a pair of retention arms 142 that extend out from
the retention base 140, The retention member 115 can further include an attachment member
that is configure attach the retention member 115 to the retention member of the housing body
120. For instance, the attachment member can be configured as a projection 143 that extends out
from gach of the retention arms 142, and is configured to be inserted into a respective one of the
apertures 131 of the housing body 120. It should be appreciated, of course, that the attachment
member of the housing body 120 can be configured as a projection, and the attachment member
of the retention member 115 can be configured as an aperture that receives the projection to
attach the retention member 115 io the housing body 120, The retention arms 142 are
configured to be received in a gap between the rail 134 and the housing base 122 along the
forward direction until the projection is inserted into the aperture so as to attach the retention
member 115 to the housing body 120.

{8069] It should be appreciated that when the retention member 1153 is mounted onto
the housing body 120, the system housing 102 defines a cable retention cavity 144 that extends
from the housing base 122 {o the retention base 140 along the transverse direction T. The
retention cavity 144 can further be defined from one of the retention arms 142 fo the other of the
retention arms 142 along the lateral direction A. Thus, after the electrical cables 130 have been
mounted to the printed circuit board 104, and the printed circuit board 104 is supported by the
housing body 120, at least a portion of the ground jackets 306, of the clectrical cables is aligned
with both the retention base 140 and the housing base 122 along the transverse direction T.
Further, at least a portion of the outer electrically insulative layer 308 of the electrical cables 300
is aligned with both the retention base 140 and the housing base 122 along the transverse
direction T. Accordingly, the retention member 115 can be attached to the housing body 120 so

as to retain the electrical cables 130 in the retention cavity 144, 1t should be appreciated that the
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retention base 140 and the housing base 122 can compress the electrical cables 300, for instance
the outer insulative layer 308 and/or ground jackets 306, along the transverse direction T when
the retention member 115 is attached to the housing body 120. Further, the retention arms 142
can capture the electrical cables 130 along the lateral direction A as the electrical cables 130 are
compressed along the transverse direction T. It should be appreciated that the retention member
115 provides strain relief to the electrical cables 300. For instance, if a tensile force is applied to
the electrical cables 300 at a location such that the system housing 102 is disposed between the
location and the mounting ends 301, the tensile force is absorbed by the system housing 102.
Thus, the tensile force is not communicated to the interface between the mounting ends 301 and
the respective contact pads.

[0078] Referring now again to Figs. 1A-2C, various methods can be provided for
making the electrical cable connector assembly 200. For example, the first electrical connector
400 can be mounted onto the printed circuit board 104 in order to individually, physically and
electrically connect the electrical contacts 404 of the first electrical connector 202 to respective
ones of the contact pads 108 of the printed circuit board 104. Respective electrical signal
conductors of the electrical cables 300 can be connected fo a respective at least one or more of
the contact pads 316 and 317 so as to place the electrical signal conductors in electrical
communication with the electrical traces of the printed circuit board 104, and thus in electrical
communication with the electrical signal contacts of the first electrical connector 40-. Thus, the
electrical signal conductors are placed in electrical communication with the electrical contacts
504 of the second electrical connector 500 when the first electrical connector 400 is mated with
the second electrical connector 500 in the manner described above. According to an
embodiment, the electrical signal conductors of the electrical cables 300 may be placed in
electrical communication with respective ones of the electrical traces of the printed circuit board
104 at a connection location that is spaced from the electrical signal conductor and each of the
contact pads 108. The connection location can be defined by respective ones of the contact pads
316 and 317.

[6071] The method may also inserting the printed circuit board 104 into the housing
body 120 through the first longitudinal end 1272 along the forward direction such that the printed
circuit board 104 is supported by the rails 134 and the ledge 130. Thus, at least a portion of the
housing body 120, such as the base 122, is aligned with the connection location, which can be
defined by one or both pluralities of the contact pads 316 and 317, along the transverse direction
T. Alternatively, the method can include the step of overmolding the housing body 120 onto a

portion of the printed circuit board 104, The method may further include electrically connecting
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g pair of electrical conductors of the electrical cables 300 to respective adjacent ones of the
electrical traces 316 that are in electrical communication with respective ones of the contact pads
138. The method may further include electrically connecting a pair of electrical conductors of
the electrical cables 300 to respective adjacent ones of the electrical traces 317 that are in
electrical communication with respective ones of the contact pads 108.

[8872] In yet another embodiment, a method of fabricating the electrical connector
system 10 may include providing or teaching to a third party the use of solid subsirate body 106
comprising the first plurality of electrically conductive contact pads 108 and the second plurality
of electrically conductive contact pads 116 individually and electrically connected to respective
ones of the electrically conductive contact pads 108, The method may also include providing or
teaching to a third party the use of the electrical connector 400 comprising electrical contacts
404. The method may further include providing or teaching to a third party the use of the
electrical cable 300 including at least one electrical conductor. The method may also include
teaching the step of mounting the electrical connector 400 to the solid substrate body 106 such
that the electrical contacts 404 individually, physically and electrically connect to one or more of
the first plurality of electrically conductive contact pads 108, and teaching the step of
individually, physically and electrically attaching the at least one electrical conductor of the
electrical cable 300 to a respective one of the second plurality of electrical contact pads 116.
Further, the method may include selling to the third party the printed circuit board 104.

[8673] In yet another embodiment, a method of fabricating the electrical connector
system 10 may include providing or teaching to a third party the use of solid substrate body 106
comprising the first plurality of electrically conductive contact pads 108 and the second plurality
of electrically conductive contact pads 116 individually and elecirically connected to respective
ones of the first electrically conductive contact pads 108. The method can further include
mounting the first electrical conmector 202 to the printed circuit board 104, the first electrical
connector 202 comprising electrical contacts individually, physically and elecirically connected
to one or more of the first plurality of electrically conductive contact pads 108, The method may
also include providing or teaching to a third party the use of at least one of the electrical cables
300 including at least one elecirical conductor. The method may further include teaching the
step of attaching the at least one of the electrical cables 300 including the at least one electrical
conductor individaally, physically and electrically to respective ones of the second plurality of
electrically conductive contact pads 116, The method may further include selling to the third
party the printed circuit board 104 with the electrical connector 400 and the at least one of the

electrical cables 300 electrically connected thereto.
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18674] In yet another embodiment, a method of fabricating the electrical connector
system 10 may include providing or teaching to a third party the use of solid substrate body 106
having the first plurality of electrically conductive contact pads 108 and the second plurality of
electrically conductive contact pads 116 that are individually and electrically connected to
respective ones of the first plurality of electrically conductive contact pads 108. The electrical
connector system 10 may also have at least one cable 300 inchuding at least one electrical
conductor, individually, physically and electrically attached fo respective ones of the electrically
conductive traces. The method may also inchude the step of providing or teaching to a third party
the use of the electrical connector 400 comprising electrical contacts 404. The method may also
include teaching the step of mounting the electrical connector 400 to the printed circuit board
104, such that the electrical contacts 404 are individually, physically and electrically connected
to one or more of the second phurality of electrically conductive contact pads 116. The method
may further include selling to the third party the printed circuit board 104 with the electrical
connector 400 and the at least one of the electrical cables 300 electrically connected thereto.

[8878] Those skilled in the art will appreciate that nomerous changes and modifications
can be made to the preferred embodiments of the invention and that such changes and
modifications can be made without departing from the scope of the invention. It is, therefore,
intended that the appended claims cover all such equivalent variations as fall within the true

spirit and scope of the invention.
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What is Claimed:

I. An electrical cable connector assembly comprising:

a printed circuit board including a body, a first plurality of electrically conductive
mounting locations supporied by the body so as to define an array of electrically conductive
mounting locations, and a second plurality of electrically conductive mounting locations
supported by the body at a location spaced from the array of electrically conductive mounting
locations, wherein respective ones of the second plurality of electrically conductive mounting
locations are in electrical communication with respective ones of the first plorality of electrically
conductive mounting locations;

an electrical connector mounted to the printed circuit board, the electrical connector
including a plurality of electrical contacts that are individually, physically and electrically
connected to respective ones of the first plurality of electrically conductive mounting locations;
and

at least one electrical cable including at least one electrical signal conductor individually,
physically and electrically attached to at least a respective one of the second electrically

conductive mounting locations.

2. The electrical cable connecior assembly as recited in claim 1, wherein the first plurality
of mounting locations comprises a first plurality of electrically conductive contact pads, and the

second plurality of mounting locations comprise electrically conductive contact pads.

3. The electrical cable connector assembly as recited in claim 2, wherein the at least one
electrical signal conductor physically attaches directly to the respective one of the second
electrically conductive contact pad and does not physically attach divectly to any of the first

plurality of electrically conductive contact pads.

4. The electrical cable connector assembly as recited in claim 2, wherein the printed circuit
board is substantially planar along a lateral direction and a longitudinal direction that is
perpendicular to the lateral direction, the electrical cable connector assembly further comprising:
an electrically insulative housing having a portion that is aligned with the second
plurality of electrically conductive contact pads along a transverse direction that is perpendicular

to both the lateral direction and the longitudinal direction.

5. The electrical cable connector assembly as recited in claim 4, wherein the at least one

electrical cable includes a differential pair of electrical signal conductors each individually,
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physically and electrically attached to respective ongs of the second plurality of electrically

conductive contact pads.

6. The electrical cable connector assembly as recited in claim 2, body of the printed circuit
board defines first and second opposed surfaces, and the first plurality of electrically conductive

contact pads are supported by the first surface.

7. The electrical cable connector assembly as recited in claim 6, wherein the electrically
conductive contact pads of the second plurality of electrically conductive contact pads are

disposed on the first surface,

8. The electrical cable connector assembly as recited in claim 6, wherein the printed circuit
board further comprises a third plurality of electrically conductive contact pads supported on the
second surface, wherein respective ones of the third plurality of electrically conductive contact
pads are in electrical communication with respective ones of the first plurality of electrically

conductive contact pads.

9. The electrical cable connector assembly as recited in claim 8, further comprising an
electrically insulative housing having a portion that is aligned with both the second plurality of
electrically conductive contact pads and the third plurality of electrically conductive contact pads
along a transverse direction that is perpendicular to both the lateral direction and the longitudinal

direction.

10.  The electrical cable connector assembly as recited in claim 9, wherein the at least one
electrical cable includes a first plurality of electrical cables individually, physically and
electrically connected to respective ones of the second plurality of electrical contact pads, and a
second plurality of electrical cables individually, physically and electrically connected to

respective ones of the third plurality of electrical contact pads.

11,  The elecirical cable connector assembly as recited in claim 10, wherein the electrically
insulative housing comprises a housing body that supports the printed circuit board, and a
retention member that is configured to atiach to the housing body so as to apply a compressive

force to the first and second plurality of electrical cables along the transverse direction.

12.  The electrical cable connector assembly as recited in claim 8, wherein the second and
third pluralities of electrical contact pads are arranged along the same edge of the printed circuit

board.
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3. The electrical cable connector assembly as recited in claim 2, wherein the second

plurality of contact pads are arranged along an edge of the printed circuit board.

14,  An electrical connector system comprising:

the electrical cable connector system as recited in any one of claims 1 to 12; wherein the
electrical connector is g first electrical connector; and

a second electrical connector including a second electrically insulative connector housing
and a second plurality of electrical contacts supported by the second electrically insulative
connector housing, wherein the second electrical connector is configured to mate with the first
electrical connector so as to place the second plurality of electrical contacts in physical and
electrical contact with respective ones of the plurality of electrical contacts of the first electrical

connector,

15.  The electrical connector assembly as recited in claim 14, wherein each of the electrical
contacts of the first and second electrical connectors includes a mating end and an opposed

mounting end supporting a fusible element.

16, The electrical connector assembly as recited in claim 15, wherein wheun the first and
sccond electrical connectors are maied (o each other each fusible element of the first electrical
connector is spaced from a corresponding fusible element of the second electrical connector a

distance of between | mm and 4 mm.

17. The electrical connector assembly as recited in claim 16, wherein the distance is

approximately 2 mm.

18. A method of fabricating an electrical cable connector assembly, the method comprising
the steps of:

mounting a vertical electrical connector to a printed circuit board, such that each of' a
plurality of electrical signal contacts of the vertical electrical connector are placed in physical
and electrical connection with a respective one of a first plurality of electrically conductive pads
of the printed circuit board; and

clectrically connecting an electrical conductor of an electrical cable to an electrically
conductive contact pad of the printed circuit board that is in electrical communication with a
respective one of the first plurality of electrically conductive contact pads, thereby placing the
electrical conductor in electrical communication with a respective one of the electrical signal

contacts of the vertical electrical connector.
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19, The method as recited in claim 18, wherein the electrically connecting step comprises
electrically connecting a pair of electrical signal conductors of the cable to respective different
electrically conductive traces of the solid substrate body that are each in electrical
communication with a respective at least one of the first plurality of electrically conductive

contact pads.

20.  The method as recited in claim 18, further comprising the step of supporting the printed

circuit board on an electrically insulative housing body.

21.  The method as recited in claim 20, wherein the electrically connecting step further
comprises placing a first plurality of electrical contacts of a plurality of electrical cables to a first
phurality of electrical contact pads supported by a first surface of the printed circuit board, and
placing a second plurality of electrical contacts of a plurality of electrical cables to a first
plurality of electrical contact pads supported by a second surface of the printed circuit board that
is opposite the first surface, the method further comprising the step of:

attaching a reiention member to the housing body so as fo apply a compressive force to

each of the first and second pluralities of electrical cables.

-~ 30 -



PCT/US2014/031642

WO 2014/160664
1/13
8
- o S
8 3y
E._
! [np]
o
8
< ‘
(&)
= O
(@]
[aw)
[a Y
(]
o
o <~~-
o % ' £




PCT/US2014/031642

WO 2014/160664

2/13

143

123a 127a

132a

2RI I B I )
i vvedin B BB QD DO R B
9660608006
e2eeoeeo0o0QeO




PCT/US2014/031642

WO 2014/160664

3/13

% ~ cococcooo0a0oc
X% scscceocso



WO 2014/160664 PCT/US2014/031642
4/13

600~ 500 200




WO 2014/160664 PCT/US2014/031642
5/13

512 514f 504 502 408 522  414e
S14a., \ ﬁx\m .l (/m ﬁlm o j\ r‘\/ 500
iy i s i 2
B8t ™ e P / e 555h
//"’ / S— s 400
of2 77 u/ut e uxf \.Q
406 H
514e 472
408 FigaB  «s
555b 514f 522
502 504 , 514b
512 \ (( ( l/ e
\1 ) TR Co YOO oo: WO s TOOE o0, TR i T8 L W £ il Pl _#,,5{;3'6
'\L ...... ¥ Fi Jjﬂ&‘“
e L S de

xyu d}u u Lo o ‘M\\ \4{}@

414t 41ap FIQBC 02 422 404




WO 2014/160664 PCT/US2014/031642
6/13

402




WO 2014/160664 PCT/US2014/031642
7/13

o

514b BTG NG P N 514

759535953525 38053%
ER20353330 33290033
NRYS398

B NN gD

N ggff\\sgﬁg

514b




WO 2014/160664 PCT/US2014/031642
8/13




PCT/US2014/031642

WO 2014/160664

9/13

a5
00G

g

Gy

-
Sheje

ciy

WG

80%

3

A%

1oy 4



WO 2014/160664 PCT/US2014/031642
10/13

©  404q - ‘
L \\ ﬁza 426 R
'7 — 7 — /.
, | ’ 414
H3) S —— - Ha
g - e \‘_@\:E:\'\ -—-é—

427a 427 424 408

412 4274




WO 2014/160664 PCT/US2014/031642
11/13

%t

526 e [N -
5750*:3 3 Q o




PCT/US2014/031642

WO 2014/160664

12/13




WO 2014/160664 PCT/US2014/031642
13/13




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2014/031642

A. CLASSIFICATION OF SUBJECT MATTER
HO1R 12/71(2011.01)i, HO1R 13/15(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIR 12/71; HOIR 13/648; HO1R 9/03; HOSK 1/00; HOIR 24/00; HOIR 9/05; HOIR 12/00; HO1R 13/15

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

mate, fusible

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: printed circuit board, mounting location, connector, contact pad, signal conductor, housing,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2011-0045702 A1 (PING-SHENG SU et al.) 24 February 2011 1-21
See abstract; paragraphs [0018], [0022]-[0024]; claim 1
and figures 1, 4, 6.

Y US 2004-0161954 A1 (DOUGLAS M. JOHNESCU et al.) 19 August 2004 1-21
See abstract; paragraphs [0047], [0051], [0071]-[0082]; claim 1
and figures 1-3, 9, 22.

A US 2011-0300749 A1 (PETER H. SYTSMA et al.) 08 December 2011 1-21
See paragraph [0047]; claim 1 and figure 3.

A US 2007-0105410 A1 (JERRY WU) 10 May 2007 1-21
See abstract; paragraphs [0023]-[10033]; claim 1 and figures 1-5.

A JP 2011-159461 A (PANASONIC ELECTRIC WORKS CO., LTD.) 18 August 2011 1-21
See paragraphs [0015]-[0018]; claim 1 and figure 1.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priotity ¢claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, nse, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search

18 August 2014 (18.08.2014)

Date of mailing of the international search report

18 August 2014 (18.08.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer T
S o

s\\‘\»:\:,s ‘t‘w-;*%

PR TN

JEONG, Jae Heon ATARLR

Telephone No. +82-42-481-5417

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/031642
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0045702 Al 24/02/2011 CN 201498636 U 02/06/2010
US 7896689 Bl 01/03/2011
US 2004-0161954 Al 19/08/2004 CA 2394432 Al 31/01/2003
CN 1738099 A 22/02/2006
DE 60206228 D1 02/02/2006
EP 1283559 A2 12/02/2003
EP 1283559 A3 22/10/2003
EP 1283559 Bl 21/09/2005
EP 1494320 Al 05/01/2005
HU 0202292 A2 28/05/2003
HU 0202292 A3 29/03/2004
HU 227144 B1 30/08/2010
JP 2003-132992 A 09/05/2003
JP 4142367 B2 03/09/2008
MY 142558 A 15/12/2010
SG 118146 Al 27/01/2006
TW 571470 B 11/01/2004
US 2003-0027439 Al 06/02/2003
US 2005-0032437 Al 10/02/2005
US 6869292 B2 22/03/2005
US 7407387 B2 05/08/2008
US 7429176 B2 30/09/2008
US 2011-0300749 Al 08/12/2011 CN 102341970 A 01/02/2012
CN 102341970 B 30/04/2014
US 8439706 B2 14/05/2013
WO 2010-085465 Al 29/07/2010
US 2007-0105410 Al 10/05/2007 US 7261582 B2 28/08/2007
JP 2011-159461 A 18/08/2011 CN 102195171 A 21/09/2011
CN 102195171 B 20/11/2013
KR 10-1232998 Bl 13/02/2013
KR 10-2011-0089089 A 04/08/2011
TW 201212435 A 16/03/2012

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report

