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ELECTRICAL CONNECTOR INCLUDING LATCH ASSEMBLY

BACKGROUND

{0001] Electrical connectors include a connector housing that carries a plurality of
electrical contacts configured to electrically connect a pair of electrical components, For
instance, certain electrical connectors can be configured to be mounted o an electrical
component at one end, and are configured to be mated to a complementary electrical device at
another end, thereby placing the complementary electrical device in electrical communication
with the electrical component. Electrical connectors can be configured to transmit electrical
power, signal data, or a combination of power and signal data. In some instances, the electrical
component can be configured as a printed circuit board, such as a midplane, backplane, or the
like. In other instances, the electrical component can be a cable, such as an electrical power
cable. In certain architectures, it is desirable to support multiple electrical connectors on a

common printed circuit board.

SUMBMARY

{002} In accordance with one aspect of the present disclosure, an electrical connector
assembly can include first electrical connector that, in turn, includes a dielectric first connector
housing, and a first plurality of electrical contacts supported by the first connector housing. The
first electrical connector can be configured to be mounted to a first surface of a subsirate that
defines a second surface opposite the first surface in a first direction. The electrical connector
assernbly can further include a second electrical connector that, in turn, includes a dielectric
second connector housing, and a second plurality of electrical contacts supported by the second
connector housing. The second electrical connector can be configured to be moved relative to

the first electrical connector along an engagement direction perpendicular to the first direction so
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as to attach the second electrical connector to the first electrical connector afler the first electrical

connector has been mounted to the first surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

{0003} The foregoing summary, as well as the following detailed description of an
example embodiment of the application, will be better understood when read in conjunction with
the appended drawings, in which there is shown in the drawings an example embodiment for the
purposes of illustration. [t should be understood, however, that the application is not limited to
the precise arrangements and instrumentalities shown. In the drawings:

[8004] Fig. 1A is a perspective view of an electrical system including a substrate, a first
electrical connector mounted to the substrate, and a second electrical connector attached to the
first electrical connector and secured to the substrate;

[0805] Fig. IB is a top plan view of the electrical system illustrated in Fig. 14;

{0066] Fig. 1C is a perspective view of an electrical connector assembly of the
electrical system illustrated in Fig. 1A, the electrical connector assembly including the first and
second electrical connectors illustrated in Fig. 1A, shown attached to each other;

{08671 Fig. 1D is a side elevation view of the substrate illustrated in Fig. 1A:

[6008] Fig. 2A is a perspective view of the first electrical connector illustrated in Fig.
TA;

{6669} Fig. 2B is a perspective view of a portion of the electrical systern, showing the
first electrical connecior mounted to the substrate;

{8016} Fig. 2C is another perspective view of the portion of the electrical systern
illustrated in Fig. 2B;

{0011] Fig. 3A is a perspective view of the second electrical connector illustrated in
Fig. 1A,

[012] Fig. 3B is a perspective view of an electrical contact of the second electrical
connector llustrated in Fig. 3A shown mounted to an elecirical cable;

[6013] Fig. 3C is another perspective view of the second elecirical connector illustrated
in Fig. 3A;

{0014] Fig. 4A is a perspective view showing attachment of the second electrical
connector to the first electrical connector;

{061S] Fig. 4B is another perspective view showing attachment of the second electrical

connector to the first electrical connector;
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{6016] Fig. 4C is a perspective view showing the second elecirical connector attached
to the first electrical connector;

[0017] Fig. 4D is a perspective view showing the second electrical connector secured to
the substrate:

(018} Fig. 4E is an exploded perspective view of the electrical connector assembly
illustrated in Fig. 1C;

{0019} Fig. 4F is a side elevation view of the electrical system;

{8020} Fig. 4G is a perspective view of a portion of the electrical system, showing the
first electrical connector mounted to the substrate similar to Fig. 2B, but showing the substrate
constructed in accordance with another embodiment;

[0021] Fig. 4H is a perspective view showing attachment of the second electrical
connector to the first electrical connector that is mounted to the substrate as illustrated in Fig.
4G;

{6822} Fig. 5 is a perspective view showing removal of the second electrical connector
from the substrate and the first electrical connector;

[6623] Fig. 6A is a perspective view of the first electrical connector constructed in
accordance with an alternative embodiment;

{0624} Tig. 6B is a perspective view of the second electrical connector constructed in
accordance with an alternative embodiment;

{0023} Fig. 6C is a perspective view showing attachment of the second electrical
connector illustrated in Fig. 6B to the first electrical connector illustrated in Fig. 6A; and

[3626] Fig. 6D is a perspective view of a portion of the first electrical connector

illusirated in Fig. 6A.

.
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DETAILED DESCRIPTION

{0027] Referring to Fig. 1, an electrical system 20 can include a substrate 22, a first
electrical connector 24 that is configured to be mounted to the substrate, and a second electrical
connector 26 that is configured to be supported by the first electrical connector and secured to
the substrate. For instance, the second electrical connector 26 is configured to be supported by
the first electrical connector 24 and secured directly to the substrate 22 without having electrical
contacts that are mounted to the substrate 22. Further, the second electrical connector 26 is
configured to be supported by the first electrical connector 24 and secured to the substrate 22
while disposed within an outer perimeter of the substrate 22. For instance, the second electrical
connector 26 can extend through an opening 23 of the substrate 22. The first and second
electrical connectors can define an electrical connector assembly 28,

{0028] The substrate 22 defines a first surface 22a and a second surface 22b that is
opposite the first surface 22a along a first direction which can be referred to as a longitudinal
direction L. Each of the first and second surfaces 22a and 22b can be planar along respective
parallel planes that are defined by a second direction, which can be referred to as a transverse
direction T, and a third direction, which can be referred to as a lateral direction A. The
transverse direction T is perpendicular to the longitudinal direction L. The lateral direction A is
perpendicular to each of the longitudinal direction L and the transverse direction T. The
substrate 22 can be configured as a printed circuit board. For instance, the substrate 22 can be
configured as a midplane. Alternatively, the subsirate 22 can be configured as a backplane or
any suitable alternative printed circuit board as desired. The opening 23 can extend through the
substrate 22 along the longitudinal direction L from the first surface 22a to the second surface
22b.

[682%] Referring also to Figs. 2A-2C, the first elecirical connector 24 is configured to
be mounted to the substrate 22, and in particular to the first surface 22a of the substrate 22. For
instance, the first electrical connector 24 includes a dielectric or electrically insulative first
connector housing 30 and a first plurality of electrical contacts 32 that are supported by the first
connector housing 30. The first plurality of electrical contacts 32 define respective mating ends
32a and mounting ends 32b opposite the mating ends 32a. When the first electrical connector 24
is mounted to the substrate 22, the first plurality of electrical contacts 32 are placed in electrical
communication with the substrate 22. The mating ends 32a are configured to mate with a
complementary electrical device so as to place the first electrical connector 24 in electrical
communication with the complementary electrical device. The complementary electrical device

can be configured as an electrical connector or any suitable alternative electrical device as
w4 -



WO 2016/126468 PCT/US2016/015017

desired. When the mounting ends 32b are mounted to the substrate 22 and the mating ends 32a
are mated with the complementary electrical device, the first electrical connector 24 places the
substrate in electrical communication with the complementary electrical device.

{8036] In one example, the mounting ends 32b can be configured as press-fit tails that
are configured for insertion into corresponding apertures defined by the substrate 22,
Alternatively, the mounting ends 32b can be configured to be surface mounted to the substrate
22, The first plurality of electrical contacts 32 can include electrical power contacts 34.
Alternatively or additionally, the first plurality of electrical contacts 32 can include elecirical
signal contacts 36, The electrical contacts 32 can be constructed as described in U.S. Patent No.
7,220,141, or in accordance with any suitable alternative embodiment as desired. Thus, in one
example, certain ones of the mating ends 32a can be configured as receptacles, and other ones of
the mating ends 32a can be configured as plugs or headers. The electrical contacts 32 can be
arranged in rows 33 that are spaced from each other in a second direction that is perpendicular to
the first direction. The second direction can also be referred to as a transverse direction T. The
rows 33 can be oriented along the lateral direction A. 1t should be appreciated, of course, that
the first electrical connector 24 can be constructed in accordance with any suitable alternative
embodiment as desired.

{0031} The first electrical connector 24 can be configured as a vertical electrical
connector whereby the mating ends 32a and the mounting ends 32b oriented parallel to each
other, and inline with each other. For instance, the mating ends 32a and the mounting ends 32b
can be oriented along the longitudinal direction L. Alternatively, the first clectrical connector 24
can be configured as a right angle electrical connector whereby the mating ends 32a and the
mounting ends 32b are oriented perpendicular with respect to each other.

{0032} The first connector housing 30 can include a first housing body 38, such that the
first plurality of electrical contacts 32 can be supported by the first housing body 38. The first
connector housing 30 can further include a securement member 40 that is supported by the first
housing body 38. The securement member 40 can be monolithic with the first housing body 38.
Alternatively, the securement member 40 can be separate from the first housing body 38 and
attachable to the first housing body 38. In one example, the securement member 40 can be
configured to receive a suitable fastener 58 that is configured to be inserted through an aperture
42 of the substrate 22, and into the securement member 40 so as to secure first electrical
connector 24 o the substrate 22. For instance, the fastener 58 can threadedly mate with the first

connector housing 30 in the aperture defined by the securement member 40.
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[6833] The first connector housing 30 can further include a first attachment member 44
that is supported by the first housing body 38. For instance, the first attachment member 44 can
be monolithic with the first housing body 38, attached to the first housing body 38, or otherwise
supported by the first housing body 38 as desired. The first attachment member 44 is configured
to attach to a complementary second attachment member of the second electrical connector 26
when the second electrical connector is moved with respect to the first electrical connector 24 in
an engagement direction that is perpendicular to the longitudinal divection L, as will be described
in more detail below.

[8834] Referring now also to Figs. 3A-3C, the second electrical connector 26 includes a
dielectric or electrically insulative second connector housing 46, and a second plurality of
electrical contacts 48 supported by the second connector housing 46. The second plurality of
electrical contacts 48 define respective mating ends 48a and mounting ends opposite the mating
ends 48a. The mounting ends are configured to be mounted to a complementary electrical
component other than the substrate 22. For instance, the mounting ends are configured to be
mounted to a respective one of a plurality of electrical cables 50. Thus, each mounting end of
the second plurality of electrical contacts 48 is configured to be placed in electrical
communication with a respective electrical cable 50. It is recognized that depending on the
system architecture, all of the mounting ends of the second plurality of electrical contacts 48
need not be placed in electrical communication with a respective cable 50. Thus, it can be said
that at least some of the second plurality of electrical contacts 48 can be connected to a
respective one of the electrical cables 50.

[6035] For instance, in accordance with one embodiment, one of the second plurality of
electrical contacts 48 is not mounted to a complementary electrical compouent. Another one of
the second plurality of electrical contacts 48 can be mounted to a ground cable 50a. Other ones
of the second plurality of electrical contacts 48 can be mounted to electrical power cables 50b.
Accordingly, the second electrical connector 26 can be referred to as a cable connector. The
mating ends 48a are configured to mate with a complementary electrical device so as to place the
second electrical connector 26 in electrical communication with the complementary electrical
device. When the second plurality of electrical contacts 48 are mounted to the elecirical cables
50 and the mating ends 48a are mated with the complementary electrical device, the second
electrical connector 26 places the complementary electrical device in electrical communication
with the electrical cables 50, thereby allowing electrical power to flow between the
complementary electrical device and the electrical power cables 50b. The second electrical

connector 26 can include an electrically insulative sleeve 49 that covers the interface between the
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electrical contact 48 and the respective cable 50. For instance, the elecirical contact 48 can be
erimped about the cable 50, and the insulation sleeve 49 can cover the crimp connection. The
second electrical connector 26 can further include a retention member that is inserted into the
second connector housing 46 so as to retain the electrical contact 48 and cable 59 in the second
connector housing 46.

{8036] At least one of the electrical cables 50 up to all of the electrical cables 50 can
extend out from the second connector housing 46 along a direction perpendicular to the
longitudinal direction L. For instance, the at least one of the elecirical cables 50 can extend out
from the second connector housing 46 along the lateral direction A. The second connector
housing 46 can define at least one opening 33 in its rear surface that receive respective ones of
the electrical cables 50 5o as to direct the electrical cables in the lateral direction A. In this
regard, the second connector housing 46 defines a front surface and the rear surface that is
spaced from the front surface in a rearward direction from the mating ends 48a to the mounting
ends. It is appreciated that the lateral direction A includes a first select direction and a second
select direction that is opposite the first select direction. The first electrical connector 24 can be
disposed adjacent the second electrical connector 26 in the first select direction along the lateral
direction A, and the electrical cables 50 can extend out from the second connector housing 46 in
the first select direction.

{0037} The second electrical connector 26 can be configured as a vertical electrical
connector whereby the mating ends 48a and the mounting ends are oriented parallel to each other
and inline with each other. For instance, the mating ends 48a and the mounting ends can be
oriented along the longitudinal direction L. Alternatively, the second electrical connector 26 can
be configured as a right angle electrical connector whereby the mating ends 48a and the
mounting ends are oriented perpendicular with respect to each other. The mating ends 48a can
be configured as receptacles that are configured to receive complementary electrical contacts of
the-complementary electrical device. Alternatively, the mating ends 48a can be configured as
plugs or headers that are configured to be received in complementary electrical contacts of the
complementary elecirical device. The complementary electrical device can be configured as an
electrical connector or any suitable alternative electrical device as desired. The first and second
electrical connectors 24 and 26 can made with a common complementary electrical device or
different complementary electrical devices as desired.

[8838] The second connector housing 46 can include a second housing body 52, such
that the second plurality of electrical contacts 48 can be supported by the second housing body

52. The second housing body 52 includes opposed side walls 70 that are spaced from each other
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along the lateral direction A that is perpendicular to the transverse direction T and the
longitudinal direction L. The second connector housing 46 can further include an engagement
member 54 that is configured to facilitate securement of the second electrical connector 26 to the
substrate 22. For instance, the engagement member 54 can extend from the second housing body
52. Alternatively, the engagement member 54 can be defined by the second housing body $2. It
will be appreciated in one embodiment that the second plurality of electrical contacts 32 are free
from electrical communication with the substrate 22 when the second electrical connector 26 is
secured to the substrate 22. That is, the mounting ends of the second plurality of electrical
contacts 48 are not mounted to the substrate 22. Rather, they are mounted to a complementary
electrical component that is different than the substrate, such as the electrical cables 50,

{0039] Referring now also to Fig. 1D, the substrate 22 can further include an
engagement member 25 that is configured to cooperate with the engagement member 54 of the
second electrical connector 26 so as to secure the second electrical connector 26 to the substrate
22. As illustrated in Fig. 4A, the engagement member 54 can be defined as first aperture 56 that
extends at least into the second connector housing 46. In one example, the second connector
housing 46 can include a flange 60 that extends from the second housing body 52, The flange 60
can define the engagement member 54. For instance, the aperture 56 can extend at least into or
through the tlange 60. The engagement member 25 of the substrate 22 can be configured as a
second aperture 27 that extends through the substrate 22 along the longitudinal direction L from
the first surface 22a to the second surface 22b. One of the first and second apertures 56 and 27 is
configured to receive a fastener that extends therethrough and at least into the other one of the
first and second apertures 56 and 27 so as to secure the second electrical connector 26 to the
substrate 22. The electrical connector assembly 28 can further include a fastener 58 that is
configured to extend through one of the apertures 27 and 56 and at least into the other one of the
apertures 27 and 56. For instance, the fastener 38 can be configured as a screw that threadedly
mates in the other one of the apertures 27 and 56. The aperture 56 can be threaded s0 as {0 be
configured to threadedly purchase with the fastener 58. The aperture 27 of the substrate 22 can
be sized to receive the fastener 58 such that the fastener 58 can extend through the aperture 27
and can threadedly attach to the flange 60 in the aperture 56,

{#048] Referring now to Figs. 2B-2C, the opening 23 of the substrate 22 can be defined
by first and second opposed internal side walls 27a and 27b of the substrate 22. The opening 23
can have a width measured from the first side wall 27a to the second side wall 27b along the
lateral direction A. The distance can be greater than the width of the second housing body 52

along the lateral direction. Accordingly, as illustrated in Fig. 4A, the second electrical connector
-8-
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26 can be disposed in the opening 23 and moved in an engagement direction 62 along the
transverse direction T 50 as to attach the second electrical connector 26 to the first electrical
connector 24 as is described in more detail below. Thus, the engagement direction 62 can be
parallel to a plane that is defined by the first surface 22a of the substrate 22. The opening 23 can
include a first portion 23a and a second portion 23b that is open to the first portion 23a. The first
portion 23a is disposed adjacent the second portion 23b in the engagement direction 62. The
width of the opening 23 at the second portion 23b can be greater than the combined width of the
second housing body 52 and the flange 60 along the lateral direction. The width of the opening
23 at the first portion 23a can be greater than the width of the second housing body 52, but less
than the combined width of the second housing body 52 and the flange 60. The second portion
23b of the opening 23 can be closed by a bottom wall 27¢ as illustrated in Fig. 2B. Alternativel Y,
the second portion 23b can have a bottom end that is open to the outer perimeter of the substrate
22 in a plane that is defined by the lateral direction A and the transverse direction T.

[8841]  Accordingly, the second electrical connector 26 can be placed behind the
substrate 22, such that the second surface 22b is disposed between the second electrical
connector 26 and the first surface 22a. The second electrical connector 26 can then be inserted
through the second portion 23b of the opening 23 along the longitudinal direction L until the
substrate 22 is disposed between the flange 60 and the electrical cables 50 with respect to the
longitudinal direction L. In this regard, it should be appreciated that when the electrical contacts
32 are attached to the respective ones of the electrical cables 50, the electrical cables 50 are
ottset from the flange 60 along the longitudinal direction L a distance that is at least equal to the
distance between the first and second surfaces 22a and 22b of the substrate 22 in the longitudinal
direction L. The second electrical connector 26 can then be moved with respect o the substrate
22 in the engagement direction 62. Alternatively, when the bottom end of the second portion
23b is open to the outer perimeter of the substrate 22, the second clectrical connector 26 can be
placed adjacent the opening 23 and moved with respect to the substrate 22 along the transverse
direction T so as to insert the second electrical connector 26 in the second portion 23b of the
opening 23. Further movement of the second electrical connector 26 in the select direction
relative to the substrate 22 causes the second electrical connector 1o be inserted in the first
portion 23a of the opening 23. It should thus be appreciated that the second electrical connector
26 can be inserted into the opening 23 in the engagement direction 62 or in a direction
perpendicular to the engagement direction.

[6642Z] Referring now to Figs. 4G-4H, in accordance with another embodiment, an

entirety of the opening 23 can be configured as described above with respect to the first portion
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23a, and can extend through the outer perimeter of the substrate 22. Thus, an entirety of the
opening 23 can have a width that is greater than the width of the second housing body 52 along
the lateral direction A, and less than the combined width of the second housing body and the
flange 60. Accordingly, the second electrical connector 26 can be positioned such that a plane
that is defined by the lateral direction A and the transverse direction T and is coincident with the
substrate 22 extends between the flange 60 and the electrical cables 50, The second electrical
connector 26 can then be moved in the engagement direction 62 with respect to the first electrical
connector 24 and the substrate 22, such that the second housing body 52 is inserted through the
perimeter of the substrate 22 and into the opening, where the second electrical connector 26
attaches fo the first electrical connector 24 as will now be described in detail,

[8843] In particular, referring now to Figs. 4B-4H, and as described sbove, the second
electrical connector 26 is configured to attach to the first electrical connecter 24 as the second
electrical connector 26 moves relative to the first electrical connector 24 and the substrate 22 in
the engagement direction 62. As described above, the engagement direction 62 is oriented along
a direction that is perpendicular to the longitudinal direction L. For instance, the second
electrical connector 26 is configured to attach to the first electrical connecter 24 as the second
electrical connector 26 moves relative to the first elecirical connector 24 along the transverse
direction T. In particular, second electrical connector 26 is configured to attach to the first
electrical connector 24 as the second electrical connector 26 moves relative to the first electrical
connector 24 in the engagement direction 62, The engagement direction 62 can be in an upward
direction, opposite gravitational forces that bias the second electrical connector in a downward
direction opposite the engagement direction 62. In accordance with one example, the first
electrical connector 24 is mounted to the substrate 22 prior to attachment of the second electrical
connector 26 to the first elecirical connector 24.

{0044} The second connector housing 46 can include a second attachment member 64
that is configured to attach to the first attachment member 44 of the first electrical connector 24
s0 as to attach the second electrical connector 26 to the first electrical connector 24. The second
attachment member 64 can be supported by the second housing body 52. For instance, the
second attachment member 64 can be monolithic with the second housing body 52, attached to
the second housing body 52, or otherwise supported by the second housing body 52 as desired.
The second attachment member 64 is configured to attach to the first attachment member 44 of
the first electrical connector 24 when the second electrical connector 26 is moved with respect to

the first electrical connector 24 in the engagement direction 62.
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[384453]  In one example, one of the first and second attachment members 44 and 64 is
configured as at least one rail 66, and the other of the first and second atiachment mermbers 44
and 64 is configured as at jeast one groove 68 that is sized 1o receive the at least one rail 66. The
leading end of the rail 66 can be chamfered so as to assist in insertion and retention of the rail 66
in the groove 68. Further, the rail 66 and groove 68 can engage in a dovetail arrangement. The
first and second attachment members 44 and 64 can be elongate in the second or transverse
direction T. In one embodiment, the first attachment member 44 of the first electrical connector
24 is configured as the at least one rail 66, and the second attachment member is configured as
the at least one groove 68. Thus, the rail 66 can extend out from the first housing body 38, and
the groove 68 can be at least partially defined by one of the side walls 70 of the second connector
housing 46. In another embodiment, the second attachment member 64 of the second electrical
connector 26 can be configured as the at least one rail 66, and the first attachment member 44 of
the first electrical connector 24 can be configured as the at least one groove 68. Thus, the rail 66
can extend out from the second housing body 52, and the groove 68 can be at least partially
defined by opposed side walls of the first housing body 38. The rails and grooves 66 and 68 can
he elongate along the transverse direction T, and can extend a majority of a distance between
opposed upper and lower surfaces of the respective electrical connector housings along the
iransverse direction T,

[8046] The first attachment member 44 defines a leading end 44a and a trailing end 44b
with respect to engagement with the second attachment member 64, Thus, the leading end 44a
and the trailing end 44b are spaced from each other along the transverse direction T. Similarly,
the second attachment member 64 defines a leading end 64a and a trailing end 64b with respect
to engagement with the first attachment member 44. Thus, the leading end 64a and the trailing
end 64b are spaced from each other along the transverse direction T. The groove 68 has a first
open end 71 and a second end opposite the first open end 71. The second end can be partially
defined by a stop member 72. For instance, the stop member 72 can be opposite the open end 71
along the transverse direction T. Further, the stop member 72 can be aligned with the open end
71 along the transverse direction T. The first open end 71 of the groove 68 defines the leading
end of the respective one of the first and second attachment members 44 and 64. The stop
member 72 can define the trailing end of the respective one of the first and second attachment
members 44 and 64. When the second electrical connector 26 includes the groove 68, the stop
member 72 can be spaced from the open end 71 in a direction opposite the engagement direction
62. When first electrical connector 24 includes the groove 68, the stop member 72 can be spaced

from the open end 71 in the engagement direction 62. The stop member 72 is configured to abut
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the rail 66 when the engagement member 54 of the second electrical connector 26 is aligned with
a complementary engagement member 25 of the substrate 22 so as to facilitate securement of the
second electrical connector 26 to the substrate 22.

[8047]  For instance, when the engagement members 25 and 54 are aligned with each
other, the fastener can be inserted through one of the engagement members 25 and 54 and at least
into or through the other of the engagement members 25 and 54 so as to secure the second
electrical connector 26 to the substrate 22. In one embodiment, the stop member 72 is
configured to abut the rail 66 when the engagement member 54 of the second electrical
connector 26 is aligned with the complementary engagement member 25 in the longitudinal
direction L. The stop member 72 can be spaced from the open end 71 in the engagement
direction, or in a direction opposite the engagement direction.

[6048] The rail 66 can be sized and configured to be press-fit in the groove 68 when the
rail is fully inserted in the groove 68 such that the stop member 72 abuts the rail 66. As
described above, the rails 66 is increasingly received in the groove 68 as the second electrical
connector 26 is moved relative to the first electrical connector 24 in the engagement direction 62
along the transverse direction T. For instance, when the rail 66 is defined by the first connector
housing 3¢ and the groove 68 is defined by the second connector housing 46, at least a portion of
the rail 66 increases in thickness as it extends in the engagement direction 62 to a region of
increased thickness that is configured to be press-fit in the groove 68 when the rail 66 is disposed
in the groove 68. The region of increased thickness can be at the upper end of the rail 66. The
thickness of the rail 66 can be measured along a direction perpendicular to the transverse
direction T, such as one or both of the longitudinal direction L and the lateral direction A. Thus,
a portion of the rail 66 can have a thickness that is greater than the thickness of the groove 68,
such that the rail 66 becomes press-fit in the groove 68 so as to attach the second electrical
connector 26 to the first electrical connector 24, Alternatively or additionally, at least a portion
of the groove 68 can decrease in thickness as it extends in the direction opposite the engagement
direction 62 to a region of decreased thickness. The region of decreased thickness can be sized
to press-fit the rail 66 in the groove 68 when the rail 66 is disposed in the groove 68. The region
of decreased thickness can be at the lower end of the groove 68, The thickness of the groove can
be measured along a direction perpendicular to the transverse direction T, such as the
longitudinal direction L. Thus, a portion of the groove 68 can have a thickness that is less than
the thickness of the rail 66, such that the rail 66 becomes press-fit in the groove 68 s0 as to attach
the second electrical connector 26 to the first electrical connector 24. The attachment of the

second electrical cormector 26 to the first electrical connector 24 resists gravitational forces and
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maintain alignment of the engagement members 54 and 25 so that the fastener can secure the
second electrical connector 26 (o the substrate 22.

[0049]  As described above, the rail 66 can be defined by the second connector housing
46 and the greove 68 can be defined by the first connector housing 30, In this embodiment, at
least a portion of the rail 66 increases in thickness as it extends in the direction opposite the
engagement direction 62 to a region of increased thickness. The region of increased thickness
can thus be at the lower end of the rail 66, The thickness of the rail 66 can be measured along a
direction perpendicular to the transverse direction T, such as one or both of the fongitudinal
direction L and the lateral direction A. Thus, a portion of the rail 66 can have a thickness that is
greater than the thickness of the groove 68, such that the rail 66 becomes press-fit in the groove
68 so as to attach the second electrical connector 26 to the first electrical connector 24 as
described above. Alternatively or additionally, at least a portion of the groove 68 can decrease in
thickness as it extends in the engagement direction to a region of decreased thickness. The
region of decreased thickness can be sized to press-fit the rail 66 in the groove 68 when the rail
66 is disposed in the groove 68. The region of decreased thickness can be at the upper end of the
groove 68. The thickness of the groove 68 can be measured along a direction perpendicular to
the transverse direction T, such as the longitudinal direction L. Thus, a portion of the groove 68
can have a thickness that is less than the thickness of the rail 66, such that the rail 66 becomes
press-fit in the groove 68 50 as to attach the second electrical connector 26 to the first elecirical
connector 24.

[058]  As illustrated in Figs. 4A-4F, the at least one rail 66 can inchude first and second
rails, and the at least one groove 68 can include first and second grooves 68. The first and
second rails can be oriented parallel to cach other. Similarly, the first and second grooves can be
oriented parallel to each other. It should be appreciated, of course, that the at least one rail 66
can be defined by one rail as illustrated in Figs. 6A-6D, and the at least one groove 68 can be
defined by one groove 68. It should be appreciated, of course, that the electrical connector
assembly 28 can include any number of rails 66 and grooves 68 as desired, and that at least one
of the grooves 68 can be at least partially defined by the stop member 72 in the manner described
above. Further, at least one of the rails 66 can define the region of increased thickness.
Alternatively or additionally, at least one of the grooves 68 can define the region of decreased
thickness, Further still, the at least oue rail 66 and the at least one groove 6§ can have any
suitable width in the longitudinal direction L as desired.

{08351} Referring now to Fig. 5, it should be appreciated that the second electrical

connector 26 can be removably attached to the first electrical connector 24, Accordingly, the
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second electrical connector 26 can be detached from the first electrical connector 24, For
instance, the fastener 58 can be removed from one or both of the engagement members 54 and
25, and a sufficient force can be applied to the second electrical connector 26 relative to the first
electrical connector in a disengagement direction opposite the engagement direction, thereby
removing the rail 66 from the groove 68. The retention reember can be removed from the second
connector housing 46, and the interface between the second plurality of elecirical contacts 48 and
the electrical cables 50 can be removed from the second connector housing 46. The cables 50
can then be detached from the electrical contacts 48.

{8032} In other aspects of the present disclosure, it will be appreciated that methods are
provided for causing the first and second electrical connectors 24 and 26 to be supported by the
substrate 22. The method can include the step of mounting the first electrical connector 24 to the
first surface 22a of the subsirate 22. The method can further include the step of moving the
second electrical connector 26 relative to the first electrical connector 24 along the transverse
direction T so as to cause the second electrical connector 26 to attach to the first electrical
connector 24 without mounting electrical contacts of the second electrical connector 26 o the
substrate 22. After the moving step, the method can further include the step of securing the
second electrical connector 26 to the substrate 22. The mounting step can further include the
step of press-fitting mounting tails of the first plurality of elecirical contacts 32 of the first
efectrical connector 24 into respective vias of the substrate 22. The moving step can include the
step of aligning the engagement member 54 of the second electrical connecior 26 with the
engagement member 25 of the substrate 22. The method can further include the step of attaching
the engagement member 54 of the second electrical connector 26 to the engagement member 25
of the substrate 22. For instance, as described above, the engagement member 54 of the second
electrical connector 26 and the engagement member 25 of the substrate 22 can both define
apertures, and the securing step can further include the step of inserting the fastener 58 through
the one of the engagement members 25 and 54, and at least into the other of the engagement
members 25 and 54. For instance, the method can include the step of inserting the fastener
through the aperture of the substrate 22 and at least into the aperture of the second electrical
connector 26. The fastener can threadedly mate with the second connector housing in the
aperture.

{8033] The method can include the step of inserting the second electrical connector 26
into the opening 23 after the mounting step and before the moving step. As described above, the
second electrical connector 26 includes a second plurality of electrical contacts 48 that are

connected to a respective electrical cable 50, and the inserting step can cause the substrate 22 to
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be disposed between the engagement member 54 of the second electrical connector 26 and the
electrical cables 50 with respect to the longitudinal direction L. The moving step can include the
step of inserting the at least one rail 66 into the at least one groove so as to atiach the second
electrical connector 26 to the first electrical connector 24 without mounting the second electrical
connector 26 to the substrate 22. For instance, the moving step can include the step of inserting
the rail 66 into an open end 71 of the groove 68 until the rail 66 abuts a stop member 72 opposite
the open end 71, thereby aligning the engagement member 54 of the second electrical connector
26 with an engagement member 25 of the substrate 22 along the first direction. At least one of
the rail 66 and the groove 68 can vary in thickness along its length, such as along a direction that
is perpendicular to the transverse direction T, which can be the longitudinal direction L, such that
the step of inserting the rail 66 into the groove 68 comprises press-fitting the rail 66 in the groove
68 when the engagement member 54 of the second electrical connector 26 is aligned with the
engagement member 25 of the substrate 22. The moving step can include the step of moving the
second electrical connector 26 relative to the first electrical connector 24 against gravitational
forces.

{8054] In another aspect of the present disclosure, a method for supporting the first and
second electrical connectors 24 and 26 on the substrate 22 can include the steps of teaching or
providing the first electrical connector 24, teaching or providing the second electrical connector
26, and teaching to a third party the steps of mounting, moving, and securing as described above.
Further, the method can include the step of teaching to the third party the step of inserting the
fastener as described above. The method can further include the step of teaching to the third
party the step of inserting the second electrical connector 26 into the opening 23 of the substrate
22 as recited above. The method can further include the step of teaching to the third party the
step of inserting the rail 66 into the groove 68 as described above.

{0855] The embodiments described in connection with the illustrated embodiments
have been presented by way of itlustration, and the present invention is therefore not intended to
be limited to the disclosed embodiments. Furthermore, the structure and features of each the
embodiments described above can be applied to the other embodiments described herein, unless
otherwise indicated. Accordingly, those skilled in the art will realize that the invention is
intended to encompass all modifications and alternative arrangements included within the spirit

and scope of the invention, for instance as set forth by the appended claims.
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What is Claimed:

I. An electrical connector assembly comprising:

a first electrical connector including a dielectric first connector housing, and a first
plurality of electrical contacts supported by the first connector housing, wherein the first
electrical connector is configured to be mounted to a first surface of a substrate that defines a
second surface opposite the first surface in a first direction;

a second electrical connector including a dielectric second connector housing, and a
second plurality of electrical contacts supported by the second connector housing, wherein the
second electrical connector is configured to be moved relative to the first electrical connector
along an engagement direction that is perpendicular to the first direction 50 as o atiach the
second electrical connector to the first electrical connector after the first electrical connector has

been mounted to the first surface of the substrate.

2. The electrical connector assembly as recited in claim 1, wherein the second electrical
connector is configured to be secured to the subsirate after the second electrical connector has

been attached to the first elecirical connector.,

3. The electrical connector assembly as recited in claim 2, wherein the second plurality of
electrical contacts are free from electrical communication with the subsirate when the second

electrical connector is secured to the substrate.

4, The electrical connector assembly as recited in any one of the preceding claims, wherein
the second connector housing comprises an engagement member that is configured to cooperate
with an engagement member of the substrate 5o as to secure the second elecirical connector to

the substrate,

5. The electrical connector assembly as recited in claim 4, wherein the second connector
housing comprises a housing body and a flange that extends from the housing body, wherein the

flange defines the engagement member,

6. The electrical connector assembly as recited in claim 5, wherein at least some of the
second plurality of electrical contacts are connected o a respective one of a plurality of electrical

cables.

- 16 -
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7. The electrical connector assembly as recited in claim 6, wherein the cables are offset
from the flange afong the first direction a distance that is at least equal to a distance between the
first and second surfaces of the substrate in the first direction, and the substrate is disposed
between the flange and the cables when the first electrical connector is mounted to the substrate

and the second electrical connector is attached to the first electrical connector.

8. The electrical connector assembly as recited in any one of claims 6 to 7, wherein the at
least one of the cables extends out from the second connector housing along a third direction

perpendicular to both the first and second directions.

9. The electrical connector asserably as recited in any one of the preceding claims, wherein
one of the first and second electrical connectors comprises at least one rail, and the other of the
first and second electrical connectors defines at least one groove sized to receive the rail as the
second electrical connector moves relative to the first electrical connector in the engagement

direction.

13, The electrical connector assembly as recited in claim 9, wherein the groove has a first end
that is open and a second end that is opposite the first end and defines a stop member, and the
stop mernber is configured to abut the rail when the second elecirical connector is aligned to be

secured to the substrate.

11, The elecirical connector assembly as recited in claim 10, wherein the open end and the

stop member are aligned with each other in the engagement direction.

12, The electrical connector assembly as recited in any one of claims 9 to 11, wherein the rail

is sized and configured to be press-{it in the groove.

13.  The electrical connector assembly as recited in any one of claims 9 to 12, wherein the

groove receives the ratl in a dovetail arrangement.

14, The electrical connector assembly as recited in any one of the preceding claims, wherein

the engagement direction is opposite gravilational forces.

15, An electrical system comprising the electrical connector assembly as recited in any one
of' the preceding claims and the substrate.

17
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16.  The electrical system as recited in claim 15, wherein the substrate defines an opening that
extends from the first surface to the second surface, and the opening is configured to receive the
second electrical connector 50 as to align the second electrical connector for attachment to the

first electrical connector in the engagement direction,

17, The electrical system as recited in claim 16, wherein the opening is configured to receive

the second electrical connector in at least one of the first direction and the engagement direction.

18. A method for causing first and second electrical connectors to be supported by a
substrate, the substrate having first and second opposed surfaces spaced from each other along a
first direction, the method comprising the steps oft

mounting a first electrical connector to the first surface of the substrate;

after the mounting step, moving the second electrical connector relative to the first
electrical connector in an engagement direction perpendicular to the first direction, so as to cause
the second electrical connector to attach to the first electrical connector without mountin gthe
second electrical connector to the substrate; and

after the moving step, securing the second electrical connector to the substraie.

19, The method as recited in claim 18, wherein the moving step comprises aligning an
engagement member of the second electrical connector with an engagement member of the

substrate.

28, The method as recited in claim 19, further comprising the step of securing the second

electrical connector directly to the substrate.

- 18-
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