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ELECTRICAL POWER CONNECTOR

BACKGROUND
[8861] Connectors used to transmit electrical power, such as alternating current (AC)
power and/or direct current (DC) power include power contacts roounted within an clectrically-

insulated housing.

SUMMARY

{8062] In accordance with one embodiment, an electrical power connector includes an
electrically insulative connector housing, a first plurality of electrical contacts supported by the
connector housing, and a second plurality of electrical contacts supported by the connector
hiousing, The first plurality of electrical contacts is of a first type, and the second plurality of
electrical contacts is of a second type and positioned adjacent to the first plurality of electrical
contacts. Each of the fivst plurality of electrical contacts can extend along a respective length to
a muating portion, and the housing can extend beyond the mating portions of the first plurality of
electrical contacts such that each of the first plurality of electrical contacts is touch proof. Each
of the second plurality of electrical contacts can extend along a respective length to a mating
portion, and the housing can extend beyond the mating portions of the second plurality of
electrical contacts such that each of the second plurality of electrical contacts is touch proof, In
an example embodiruent, the first plurality of electrical contacts is plug contacts, and the second
plurality of electrical contacts is receptacle contacts.

{0083] in‘accordance with another embodiment, an electrical power connector includes
a dielectric connector housing that includes a plurality of beams and a plurality of shrouds that
cach terminate at a respective distal end. The plurality of beams and the plurality of shrouds can
define a mating interface that is configured to mate with a complementary electrical power
connector along a mating direction. The electrical power connector can further include a first
plurality of electrical contacts that is supported by the connector housing. The first plurality of
electrical contacts can be spaced apart from each other along a lateral direction that is

substantially perpendicular to the mating direction. The electrical power connector can further
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include a second plurality of electrical contacts that is supported by the connector housing. The
second plurality of electrical contacts can be spaced apart from each other along the lateral
direction. The second plurality of electrical contacts can be spaced from the first plurality of
electrical contacts along a transverse direction that is substantially perpendicular to both the
mating and lateral directions. The first plurality of electrical contacts terminate at a first distal
end that is configured to mate with a complementary electrical contact of the complementary
electrical connector, and the second plurality of electrical contacis terminate al a second distal
end contigured to mate with a complementary electrical contact of the complementary electrical
connector. The distal end of the beams extends beyond the first distal end of the first plurality of

electrical contacts along the mating direction, and the distal end of the shrouds extends beyond

the second distal end of the second plurality of electrical contacts along the mating direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[3664] The foregoing summary, as well as the following detailed description of
example embodiments, are better understood when read in conjunction with the appended
diagrammatic drawings. For the purpose of iltustrating the invention, the drawings show
illustrative embodiments. The invention is not limited, however, to the specific embodiments
disclosed in the drawings.

{0008] Fig. 1 is a perspective view of an electrical power connector assembly including
first and second electrical connectors configured to be mounted to respective first and second
substrates;

[0686] Fig. 2A is a perspective view of the first electrical connector illustrated in Fig. 1
shown mounted to the first substrate;

{0007 Fig. 2B is a perspective view stimilar to Fig. 2A, but with the housing of the first
electrical connector removed;

{0808} Fig. 3A is a perspective view of the second elecirical connector illustrated in
Fig. 1 shown mounted to the second substrate;

[866%] Fig. 3B is a perspective view similar to Fig. 34, but with the housing of the first
electrical connector removed;

{8010] Fig. 4 is an enlarged view of a portion of the connector housings of each of the

first and second electrical connectors, constructed In accordance with one embodiment;
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{8618} Fig. 5 is a perspective view of an elecirical power connector assembly
constructed in accordance with an aliernative embodiment, including first and second electrical
connectors configured to be mounted to respective first and second subsirates;

[6032] Fig. 6A is a perspective view of the first electrical connector illustrated in Fig. 3,
shown with the connector housing removed;

[6013] Fig. 6B is a perspective view of the second electrical connector illustrated in
Fig. 5;

{00§4] Fig. 7A is a perspective view of the first electrical connector constructed in
accordance with an aliernative embodiment;

{6018] Fig. 7B is a perspective view of the second electrical connector constructed in
accordance with an afternative embodiment;

[8016] Fig. 8A s a perspective view of another first electrical connector constructed in
accordance with yet another alternative embodiment;

{88171 Fig. 8B is a perspective view of another second electrical connector constructed
in accordance with yet another alternative embodiment;

{8618} Fig. BC is a perspective view of another clectrical power connector assembly
construcied in accordance with another aliernative embodiment, including the first electrical
connector of Fig. 8A mated with the second electrical connector of Fig. 8B;

{66191 Fig. 8D is a perspective view of the electrical connector shown in Fig. 8A,
shown with the housing removed;

[8828] Fig. 9 is a botiom plan view of the substrate and the second electrical connector
of Fig. 34, wherein the second electrical connector is mounted to the substrate;

{0028] Fig. 10A is a top plan view of a probe used in conjunction with UL Standard
1977, Section 10.2;

{06221 Fig. 10B is a side elevation view of the probe shown in Fig. 10A; and

{0023} Fig. 10C is a cross section of the probe shown in 10A.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{6624] Referring initially to Figs. 1-3B, 74, and 7B, an electrical connector assembly
20 inchudes a first electrical connector 22 and a second electrical connector 24 configured to
mate with the first electrical connector, The first electrical connector 22 includes a dielectric or
electrically insulative connector housing 26 and at least one electrical contact 28 such as a
plurality of electrical contacts 28 supported by the connector housing 26. Similarly, the second
electrical connector 24 includes a diclectric or electrically insulative connector housing 30 and at
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least one electrical contact 32 such as a plurality of clectrical contacts 32 supported by the
connector housing 30. Each of the first and second electrical connectors 22 and 24 can be
configured as an electrical power connector as iltustrated, and thus is configured to transfer
electrical power between a respective complementary electrical component and the other of the
first and second electrical connectors 22 and 24. Thus, the electrical coniacts 28 and 32 can
include electrical power contacts configured to carry electrical power, and the elecirical
connector assembly 20 can be referred to as an elecirical power connector assembly, It shouid
be appreciated that one or more of the electrical contacts 28 can additionally or alternatively be
contigured as electrical signal contacts configured to carry data signals, and one or more of the
electrical contacts 28 can aliernatively or additionally be configured as ground contacis.
Stmilarly, it should be appreciated that one or more of the electrical contacts 32 can additionally
or alternatively be configured as electrical signal contacts configured to carry data signals, and
one or more of the electrical contacts 32 can alternatively or additionally be configured as
ground contacts. The electrical connector assembly 20 can further include a first complementary
electrical component, such as a first substrate 34 that can be configured as a printed circuit board
that includes a plurality of electrical traces, and a second complementary electrical component,
such as a second substrate 36 that can be configured as a printed circuit board that includes a
plurality of eiectrical traces.

{1923] The first and second electrical connectors 22 and 24 are configured to be mated
to each other so as to establish an electrical connection between the first and second electrical
connectors 22 and 24. For instance, the electrical contacts 28 can define respeciive mating
portions 28a and respective mounting portions 28b opposite the mating portions 28a. Similarly,
the electrical contacts 32 can define respective mating portions 32a and respective mounting
portions 32b opposite the mating portions 32a. In one embodiment, each of the electrical
contacts 32 include only one mounting portion 32b, and each of the electrical contacts 2§ include
only one mounting portion 28h. The mating portions 28a and 32a are configured to mate with
each other as the electrical connectors 22 and 24 are mated to each other so as to place respective
ones of the electrical contacts 28 and 32 in electrical communication with each other. Further,
the electrical contacts 28 can terminate at respective free distal ends 31 that are configured to
mate with a complementary electrical contact of a complementary electrical connector, for
instance the clectrical contacts 32 of the second electrical connector 24. Similarly, the electrical
contacts 32 can terminate at respective free distal ends 35 that are configured to mate with a
complementary electrical contact of a complementary electrical connector, for instance the

electrical contacts 28 of the first electrical connector 22. Thus, the mating portion 283 can
4.
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include the distal end 31, and the mating portion 32a can include the distal end 35, The first
electrical connector 22 can be configured to be mounted 1o the first complementary electrical
component 50 as to place the electrical connector 22 and the first complementary electrical
component in electrical communication with each other. The second electrical connector 24 can
be configured to be mounted to the second complementary electrical component so as to place
the second electrical connector 24 and the second complementary electrical component in
electrical communication with cach other. For instance, the mounting portions 28b are
configured to be placed in electrical commumnication with respective ones of the electrical traces
of the first substrate 34 when the first elecirical connector 22 is mounted to the first substrate 34,
Thus, the first substrate 34 can be placed in electrical communication with the second electrical
connector 24 when the electrical connector 22 is mounted to the first substrate 34 and mated with
the second electrical connector 24, Similarly, the mounting portions 32b are configured to be
placed in electrical communication with respective ones of the electrical traces of the second
substrate 36 when the second electrical connector 24 is mounted to the second substrate 36.
Thus, the second substrate 36 can be placed in electrical communication with the tirst electrical
connector 22 when the second electrical connector 24 is mounted to the second substrate 36 and
mated with the first electrical connector 22, Accordingly, the substrates 34 and 36 are placed in
electrical communication with each other when the first electrical connector 22 is mounted to the
first substrate 34, the second electrical connector 24 is mounted to the second substrate 36, and
the first and second electrical connectors 22 and 24 are mated with each other.

[6626] The mounting portions 28b can be press-fit tails that are configured to be
inserted, or press-fit, into respective vias of the respective first substrate 34, thereby electrically
connecting the mounting portions 28b and the corresponding elecirical contacts 28 to respective
electrical traces of the first substrate 34 when the first electrical connector 22 is mounted to the
first substrate 34. The vias can be contigured as plated through-holes that electrically connect
the mounting portions 28b to respective electrical traces of the underlying first substrate 34.
While the mounting portions 28b are configured as press-fit tails, it should be appreciated that
the mounting portions can be configured to be placed in electrical communication with electrical
traces of the first substrate 34 in accordance with any suitable alternative embodiment. For
instance, the mounting portions 28b can be surface mounted and configured to be fused, for
instance soldered, to complementary contact pads of the first substrate 34, so as to place the
mounting portions 28b in clectrical communication with the electrical traces.

{B027]  Similarly, the mounting portions 32b can be press-{it tails that are configured to

be inserted, or press-fit, info respective vias of the respective second substrate 36, thereby
-5-
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electricaily connecting the mounting portions 32b and the corresponding electrical contacts 32 to
respective electrical traces of the second substrate 36 when the second electrical connector 24 is
mounted to the second substrate 36. The vias can be configured as plated through-holes that
electrically connect the mounting portions 32b to respective electrical traces of the underlying
second substrate 36. While the mounting portions 32b are configured as press-fit tails, it should
be appreciated that the mounting portions can be contigured to be placed in elecirical
communication with electrical traces of the second substrate 36 in accordance with any suitable
alternative embodiment. For instance, the mounting portions 32b can be surface mounted and
configured to be fused, for instance soldered, to complementary contact pads of the second
substrate 36, 50 as to place the mounting portions 32b in electrical communication with the
electrical traces.

{6028] The connector housing 26 defines a mating interface 3%a and a mounting
interface 38b. The first electrical connector 22 can be configured as a right-angle connector,
such that the mating interface 38a and the mounting interface 38b are oriented perpendicular
with respect to each other. For instance, the mating interface 38a can be at least partially defined
by a front end of the connector housing 26, and the mounting interface 38b can be at least
partially defined by a bottom end of the connector housing 26. Alternatively, the first electrical
connector 22 can be configured as a vertical connector, whereby the mating interface 38a is
oriented parallel to the mounting interface 38b. For instance, the mating interface 38a can be at
least partially defined by the front end of the connector housing 26, and the mounting interface
38b can be at least partially defined by a rear end of the connector housing 26. The electrical
contacts 28 can be supported by the connector housing 26 such that the mating portions 28a are
disposed proximate to the mating interface 38a, and the mounting portions 28b are disposed
proximate to the mounting interface 38b. Thus, when the first clectrical connector 22 is
configured as a right-angle electrical connector, the mating portions 28a are oriented
perpendicular with respect to the mounting portions 28b. Alternatively, if the first electrical
connector 22 is configured as a vertical electrical connector, the mating portions 28a are oriented
parallel with respect to the mounting portions 28b.

{00291  Similarly, the connector housing 30 defines a mating interface 40a and a
mounting interface 40b. The second electrical connector 24 can be configured as a vertical
connector, such that the mating inmterface 38a and the mounting interface are oriented paraiieiv
with respect to each other. For instance, the mating interface 38a can be at least partially defined
by a front end of the connector housing 30, and the mounting interface 38b can be at least

partially defived by a rear end of the connector housing 40. Alternatively, the second electrical
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connector 24 can be configured as a right-angle convector, whereby the mating interface 40a is
oriented perpendicular with respect to the mounting interface 40b. For instance, the mating
interface 40a can be at least partially defined by the front end of the connector housing 40, and
the mounting interface 40b can be at least partially defined by a rear end of the connector
housing 30. The electrical contacts 32 can be supported by the connector housing 40 such that
the mating portions 32a are disposed proximate to the mating interface 40a, and the mounting
portions 32b are disposed proximate to the mounting interface 40b. Thus, when the second
electrical connector 24 is configured as a vertical electrical connector, the mating portions 32a
are oriented parallel with respect to the mounting portions 32b, Alternatively, if the second
electrical connector 24 is configured as a right-angle electrical connector, the mating portions
32a are oriented perpendicular with respect to the mounting portions 32b.

{0038]  Vanious structures of the electrical connector assembly 20, including each of the
first elecirical connector 22 and the second elecirical connector 24, are described herein as
extending horizontally along a first or longitudinal direction “L” and a second or lateral direction
*“A” that is substantially perpendicular to the longitudinal direction L, and vertically along a third
or transverse direction 17 that is substantially perpendicular to cach of the longitudinal direction
L. and the lateral divections A. Thus, unless otherwise specified herein, the terms “lateral,”
“longiiudinal,” and “transverse” are used to describe the orthogonal directional components of
various components. Further, the term “in” when used with a specified direction component is
intended to refer to the single specified direction, and the term “along” when used with a
specified direction component is intended to refer to either or both of opposed directions. It
should be appreciated that while the longitudinal and lateral directions are iHustrated as
extending along a horizontal plane, and that while the transverse direction is Hlustrated as
extending along a vertical plane, the planes that encompass the various directions may differ
during use, depending, for instance, on the orientation of the various components. Accordingly,
the directional terms “vertical” and “horizontal” are used to describe the electrical connector
assembly 20 and its components as illustrated merely for the purposes of clarity and
convenience, it being appreciated that these orientations may change during use.

{88311 As illustrated, the first electrical connector 22 is configured to be mated to the
second electrical connector 24 along a respective forward mating direction, and unmated from
the second electrical connector 24 along a respective rearward direction. Similarly, the second
clectrical connector 24 is configured to be mated to the first electrical connector 22 along a
sespective forward mating direction, and unmated from the first electrical connector 22 along a

respective rearward direction. Both the forward and rearward directions of each of the first and
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second electrical connectors 22 and 24 are defined along the longitudinal direction L. Thus, the
mating portions 38a and 40a of the electrical contacts are oriented generally along the
longitudinal direction L. The respective roounting portions are oriented generally along the
longitudinal direction L when the electrical connector is configured as a vertical connector, and
along the transverse direction T when the electrical connector is configured as a right-angle
connector. Further, the front and rear ends of the connector housings 26 and 30 of the first and
second electrical connectors 22 and 24, respectively, are spaced along the longitudinal direction
L. Top and bottom ends of the connector housings 26 and 30 of the first and second electrical
connectors 22 and 24, respectively, are spaced along the transverse direction T.

[0832] With continuing reference to Figs. 1-3B, 74, and 7B, the mating interface 38a
can be configured to receive, or be received by, the mating interface 40a. Thus, the mating
interface 40a can be configured to receive, or be received by, the mating interface 38a.
Alternatively still, a first portion 42a of the mating interface 38a can be configured to receive a
corresponding first portion 44a of the mating interface 40a, and a second portion 42b of the
mating interface 38a can be configured to be received by a corresponding second portion 44b of
the mating interface 40a. Thus, the first portion 44a of the mating interface 40a can be
configured to be received by the corresponding first portion 42a of the mating interface 38a, and
the second portion 44b of the mating interface 40a can be configured to receive the
corresponding second portion 42b of the mating interface 38a. Alternatively still, the first portion
42a of the mating interface 38a can be configured to be received by the corresponding first
portion 44a of the mating interface 40a, and the second portion 42b of the mating interface 38a
can be configured to receive the corresponding second portion 44b of the mating interface 40a.
Thus, the first portion 44a of the mating interface 40a can be configured to receive the
corresponding first portion 422 of the mating interface 38a, and the second portion 44b of the
mating interface 40a can be configured to be received by the corresponding second portion 42b
of the mating interface 38a.

{0033} It will be understood that the first and second electrical connectors 22 and 24
can be shaped as desired. Referring to an aliernative embodiment illustrated in Figs. 8A-D, a
first electrical connector 22a and a second electrical connector can be mated with each other to
define an alternative electrical connector assembly 20a. As shown, the mating interface 38a can
be configured to receive, or be received by, the mating interface 40a. Thus, the mating interface
40a can be configured to receive, or be received by, the mating interface 38a. Furthermore, as
shown, the first portion 42a of the mating interface 38a is configured to receive the

corresponding first portion 448 of the mating interface 404, and a second portion 42b of the
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mating interface 38a can be configured to be received by a corresponding second portion 44b of
the mating interface 40a. Thus, the first portion 44a of the mating interface 40a can be
configured to be received by the corresponding first portion 42a of the mating interface 38a, and
the second portion 44b of the mating interface 40a can be contigured to receive the
corresponding second portion 42b of the mating interface 38a. For instance, the connector
housing 26 can define a housing body 26a, and the second portions 42b can project out from the
housing body 26a along the mating direction a first distance. Similarly, the connector housing
3{ can define a housing body 30a, and the first portions 44a can project out from the housing
body 30a along the mating direction a second distance that is substantially equal 1o the {ivst
distance.

18834]  The st clectrical connector 22 can include electrical contacts 28 that are
constructed as desived so that the respective mating portions 284 are touch proof. Similarly, the
second electrical connector can include electrical contacts 32 that are constructed as desired so
that the respective mating portions 32a are touch proof. In accordance with an alternative
embodiment, referring to Figs. 8A-D, the first electrical connector 22a includes electrical
contacts 28’ that include header and receptacle contacts, For instance, the second portions 42b
of the first electrical connector 223 can be constructed so as to define a plurality of slots. The
mating portions 28a of the electrical contacts 28 that are configured as headers of the first
electrical connector 22a can be disposed within the slots, The mating portions 28a of the
electrical contacts 28 configured as receptacles can be disposed within the first portions 42a of
the first electrical connector 22a. Similarly, the first portions 44a of the second electrical
connector 24a can be constructed so as to define a plurality of slots. The mating portions 32a of
the electrical contacts 32 configured as headers of the second electrical connector 24a can be
disposed within the slots. The mating portions 32a of the electrical contacts 32 configured as
receptacies can be disposed within the second portions 44b of the second electrical connecior
24a. As shown, the mating portions 28a of the receptacle contacts of the first electrical
connector 22a can each include two fingers 52 spaced from each other along the lateral direction
A. Similarly, the mating portions 32a of the receptacle contacts 32 of the second electrical
connector 24a can each include two fingers 52 spaced apart from each other along the lateral
direction A. The mating portions 28a of the plug contacts of the first electrical connector 22a
can each define opposed broad surfaces that are configured to be received in between the two
fingers 52 of the second electrical connector 24a when the first electrical connector 223 is mated
with the second electrical connector 24a so that the each of the broad surfaces contacts a

respective finger 52, s0 as to establish an electrical power connection between the first and
-G
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second electrical connectors 22a and 24a. The mating portions 32a of the plug contacts of the
second electrical connector 24a can each define opposed broad surfaces that are configured to be
received in between the two fingers 52 of the first electrical connector 22a when the first
electrical connector 22a is mated with the second electrical connector 24a so that the cach of the
broad surfaces contacts a respective finger 32, so as to establish an electrical power connection
between the first and second electrical connectors 22a and 24a.

{0035]  Thus, it will be understood that the connector housing 30 can include a housing
body 30a and a plurality of first portions 44a that extend from the housing body 30a along the
mating direction. The electrical contacts 32 can each terminate at a mating portion 32a
configured to mate with complementary electrical contacts of a complementary electrical
connector. The mating portions 32a can be arranged in a plurality of columns that extend along a
column direction, and the columns can be spaced from each other along a row direction that is
substantially perpendicular to the column direction. The electrical contacts 32 include plug
contacts and receptacle contacts, and the first portions 44a can extend farther from the housing
body 30a relative to the mating portions 32a of the electrical contacts 32 along the mating
direction such that each of the electrical contacts 32 is touch proof. In accordance with the
illustrated embodiment, each column includes only one of plug contacts or receptacie contacts.
Further, adjacent columns along the row direction can define an alternating pattern of plug and
receptacle contacts such that no plug contacts are inunediately adjacent to receptacle contacts
along the row direction. The first portions 44a can be substantially diamond shaped. The first
portions 44a can be sized to be received by complementary portions of a complementary
connector housing of the complementary electrical power connector when the electrical power
connector is mated with the complementary electrical power connector. The first portions 44a
can define a plurality of slots, and the mating portions 32a of the plug contacts can be disposed
within respective slots. As shown, the slots can be elongate along the column direction. The
first portions 44a can define the second portions 44b. The second portions 44b can be sized 1o
receive complementary portions of a complementary connector housing of the complementary
electrical connector when the electrical power connector is mated with the complementary
elecirical power connector. Thus, still referring to Fig. 8, in accordance with the illustrated
embodiment, the first portions 44a can be substantially diamond shaped and can be arranged so
as to define the second portions 44b that are substantially diamond shaped. Referring also to Fig.
810, the receptacle contacts can define fingers 52 that are spaced apart from each other along the
row direction such that the fingers are configured to receive therebetween a complementary plug

contact of the complementary electrical power connector when the electrical power connector is
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mated with the complementary power connector. As shown, each of the receptacie contacts can
be disposed immediately adjacent two first portions 44a along the row direction and two second
portions 44b along the column direction.

{6836] The mating portions 28a of at least a portion up to ali of the plurality of
electrical contacts 28 of the first electrical connector 22 can be arranged in at least one row 46,
such as at least a first row 46a and at least a second row 46b that is spaced from the {irst row 46a
along the transverse direction T. Each mating portion 28a in the first row 46a can be aligned
with a respective mating portion 28a in the second row 46b along the transverse direction T.
Each of the first and second rows 46a and 46b can exiend along the lateral direction A. Adjacent
mating portions 28a in the rows 46 can be spaced apart any pitch as desired, for instance between
1 to 5 mm. Inaccordance with one embodiment, referring to Fig. 7A, adjacent mating portions
28a in the same row are spaced apart from each other approxtmately 2 mm along the lateral
direction A, In accordance with another embodiment, referring to Fig. 28, the mating portions
28a in the same row can be spaced apart from each other approximately 4 mun along the lateral
direction A. The first row 46a can be disposed above the second row 46b, and can thus be
referred to as an upper row, and the second row 46b can be disposed below the first row 46a and
can thus be referred to as a lower row. Thus, it can be said that electrical contacts in the first row
46a are on top of electrical contacts in the second row 46b. For instance, when the first electrical
connector 22 is configured as a right-angle electrical connector 22, the first row 46a can be
spaced from the mounting interface 38b a distance along the transverse direction T that is greater
than the distance along the transverse direction T that the second row 46b is spaced from the
mounting interface 38b. The first portion 42a of the mating interface 38a can be disposed at the
first row 464, and the second portion 42b of the mating interface 38a can be disposed at the
second row 46h.

[0837] Similarly, the mating portions 32a of at least a portion up to all of the plarality
of electrical contacts 32 of the second electrical connector 24 can be arranged in at least one row
48, such as at least a first row 483 and at least a second row 48b that is spaced from the first row
483 along the transverse direction T. Each mating portion 32a in the first row 48a can be aligned
with a respective mating portion 32a in the second row 48b along the transverse direction T,
Each of the first and second rows 48a and 48b can extend along the lateral direction A. Adjacent
mating portions 32a in the rows 48 can be spaced apart any pitch as desired, for instance between
1 to 5 mm. In accordance with one embodiment, referring to Fig. 78, adjacent mating portions
32a in the same row ave spaced apart from each other approximately 2 mm along the lateral

direction A. In accordance with another embodiment, referring to Fig. 3A, the mating portions
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32a in the same row can be spaced apart from each other approximately 4 mm along the lateral
direction A. The first row 48a can be disposed above the second row 48b, and can thus be
referred to as an upper row, and the second row 48b can be disposed below the first row 48a and
can thus be referred o as a lower row, Thus, it can be said that electrical contacts in the first row
48a are on top of elecirical contacts in the second row 48b. For instance, when the second
electrical connector 24 is configured as a right-angle electrical connector, the first row 48a can
be spaced from the mounting interface 40b a distance along the transverse direction T that is
greater than the distance along the transverse divection T that the second row 48b is spaced from
the mounting interface 40b. The first portion 44a of the mating interface 40a can be disposed at
the first row 48a, and the second portion 44b of the mating interface 40a can be disposed at the
second row 48b,

{6638] The mating portions 28a at the first row 46a of the first clectrical connector 22
can be configured as plugs that are configured to be received by complementary receptacle
mating portions 32a of the {irst row 48a of the second electrical connector 24, and the mating
portions 28a of the sccond row 46b of the first electrical connector 22 can be configured as
receptacles that are configured to receive complementary plug mating portions 32a of the second
row 48b of the second electrical connector. Thus, the mating portions 28a of the plug contacts
can be on top of the mating portions 28a of the receptable contacts. The mating portions 32a at
the first row 48z of the second electrical connector 24 can be configured as receptacles that are
configured to receive complementary plug mating portions 28a of the first row 46a of' the first
electrical connector 22, and the mating portions 32a of the second row 48b of the second
electrical connector 24 can be configured as plugs that are configured to be received by
compiementary receptacle mating portions 28a of the second row 46b of the first electrical
connector. Thus, the mating portions 323 of the receptacie contacts can be on top of the mating
portions 32a of the plug contacts. Aliernatively, the mating portions 28a at the first row 46a of
the first electrical connector 22 can be configured as receptacies that are configured to receive by
complementary plug mating portions 32a of the first row 48a of the second electrical connector
24, and the mating portions 28a of the second row 46b of the first electrical connector 22 can be
configured as plugs that are configured to be received by complementary receptacle mating
portions 323 of the second row 48b of the second electrical connector 24. Thus, the mating
portions 32a at the first row 48a of the second electrical connector 24 can be configured as plugs
that are configured to be received by complementary receptacie mating portions 28a of the first
row 46a of the first clectrical connector 22, and the mating portions 32a of the second row 48b of

the second electrical connector can be configured as receptacies that are configured to receive by
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complernentary receptacle mating portions 28a of the second row 46h of the first electrical
connector. Thus, the mating portions 28z of the receptacle contacts can be on top of the mating
portions 28a of the plug contacts, and the mating portions 32a of the plug contacts can be on top
of the mating portions 21a of the receptacie contacts.

{6839} Alternatively still, referring to Fig. 7A-B and 8A-D, at least one of mating
portions 28a at the first row 46a of the first electrical connector 22 can be configured as a plug
that is configured to be received by a complementary receptacle mating portions 32a of the first
row 48a of the second electrical connector 24, and at least one of the mating portions 28a at the
first row 46a of the first electrical connector 22 can be configured as a receptacle that is
configured to receive a complementary plug mating portion 32a at the first row 48a of the second
electrical connector 24, At least one of the mating portions 28a at the second row 46b of the first
electrical connector 22 can be configured as a plog that is configured to be received by a
complementary receptacle mating portions 323 of the second row 48b of the second electrical
connector 24, and at least one of the mating portions 28a at the second row 46b of the first
electrical connector 22 can be configured as a receptacle that is configured to receive a
complementary plug mating portion 32a at the second row 48b of the second electrical connector
24, For instance, as shown in Fig. 7A, the first electrical connector 22 can include mating
portions 28a that alternately are configured as plugs and receptacles along each of the rows 46.
Thus, every other mating portion 28a can be configured as a plug along the first row 463, and
every other mating portion 28a can be configured as a receptacle along the second row 46b.
Stated another way, the first row 46a can define a repeating patiern of plug-receptacle contacts,
and the second row 46b can include a repeating pattern of receptacle~-plug contacts. Similarly,
the second electrical connector 24 can include mating portions 32a that alternately are configured
as plugs and receptacles along each of the rows 48, Thus, every other mating portion 323 can be
configured as a receptacle along the first row 48s, and every other mating portion 32a can be
configured as a plug along the second row 46b. Stated another way, the first row 48a can define
a repeating pattern of plug-receptacle contacts, and the second row 48b can include a repeating
pattern of receptacle-plug contacts.

[80648] Further, the first plurality of electrical contacts 293 and the second plurality of
glectrical contacts 29b can be arranged in the first row 46a along the lateral direction A such that
every other electrical contact 28 in the first row 46a is configured as a plug contact that is aligned
with a receptacle contact, in particlar the mating portion 28a of the receptacle contact, along the
transverse direction T that is substantially perpendicular to the lateral direction A and the mating

direction of the electrical power connecior 22 {g.g., see Fig. 7A). Similarly, the first plurality of
-13 -



WO 2015/081064 PCT/US2014/067298

electrical contacts 33a and the second plurality of electrical contacts 33b can be arranged in the
first row 48a along the lateral direction A such that every other electrical contact 32 in the first
row 48a is configured as a plug contact that is aligned with a receptacle contact, in particular the
mating portion 32a of the receptacle contact, along the longitudinal direction L that is
substantially perpendicular to the lateral direction A and the transverse direction T {e.g., see Fig.
78).

{0041]  As used herein, electrical contacts having plug mating portions are often
referred to as plug contacts, and electrical contacts baving receptactke mating portions are often
referved to as receptacie contacts. Thus, it shouid be appreciated that the electrical contacts 28
can include a first plurality of electrical contacts 29a supported by the connector housing 26, for
instance such that their respective mating portions 28a are aligned along the first row 463, the
first plurality of electrical contacts 29a being of a first type. The first plurality of electrical
contacts 29a can be spaced apart from cach other along the lateral direction A that is
substantially perpendicular to the mating direction. The electrical contacts 28 can include a
second plurality of electrical contacts 29b supported by the connector housing 26, for instance
such that their respective mating portions 28a are aligned along the second row 46h, the second
plurality of electrical contacts 29b being of a second type. The second plurality of electrical
contacts 29b can be spaced from each other along the lateral direction A. The second plurality of
electrical contacts 29b can be spaced from the first plurality of electrical contacts 29a along the
transverse direction T that is substantially perpendicular to both the mating and lateral directions.
For example, the first type can be one of a plug and a receptacle, and the second type can be the
other of a plug and a receptacle. Alternatively still, the first type can include both plugs and
receptacles, such that a first group of the first plurality of electrical contacts 29a are plug contacts
and a second group of the first plurality of electrical contacts 29a are receptacle contacts (e.g.,
see Figs. 7A and 7B). In accordance with the embodiment illustrated in Figs. 1-3B, the first
plurality of electrical contacts 29a are configured as plug contacts, and the second plurality of
electrical contacts 29b are configured as receptacle contacts.

{8042} Similarly, the electrical contacts 32 can include a first plurality of electrical
contacts 33a supported by the connector housing 30, for instance such that their respective
mating portions 32a are aligned along the first row 48a, the first plurality of electrical contacts
33a being of a first type. The electrical contacts 32 can include a second plurality of electrical
contacts 33b supported by the connector housing 30, for instance such that their respective
mating portions 32a are aligned along the second row 48b, the second plurality of electrical

contacts 33b being of a second type. For example, the first type can be one of a plug and a
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receptacle, and the second type can be the other of a plug and a receptacle. Alternatively still,
the first type can include both plugs and receptacles, such that a first group of the first plurality
of electrical contacts 29z are plug contacts and a second group of the first plurality of electrical
contacts 29a are receptacie contacts. In accordance with the embodiment illustrated in Figs. 1-
3B, the first plurality of electrical contacts 33a are configured as receptacle contacts, and the
second plurality of electrical contacts 33b are configured as plug contacts.

[8043] With continuing reference to Figs. 1-3B, each of the first plurality of electrical
contacts 29a of the first electrical connector 22 extends along a respective length to the mating
portion 284, and the connector housing 26 can extend beyond the mating portions 28a along the
longitudinal direction L, such that each of the first plurality of electrical contacts 29a is touch
proot with respect to the longitudinal divection L. Similarly, each of the second plurality of
electrical contacts 29b extends along a respective length to the mating portion 28a, and the
connector housing 26 extends bevond the mating portions 28a of the second plurality of
electrical contacts 29b along the longitudinal direction L such that each of the second plurality of
electrical contacts 29b is touch proof. With continuing reference to Figs. 1-3B, each of the first
piurality of electrical contacts 33a of the second clectrical connector 24 extends along a
respective length to the mating portion 32a, and the connector housing 30 can extend beyond the
mating porticus 32a along the longitudinal direction L, such that each of the first plurality of
electrical contacts 33a is touch proof. Similarly still, each of the second plurality of electrical
contacts 33b of the second electrical connector 24 extends along a respective length to the
mating portion 32a, and the connector housing 30 extends beyond the mating portions 32a of the
second plurality of electrical contacts 33b along the longitudinal direction L such that each of the
second plurality of electrical contacts 33b is touch proof.

[8044] Asillustrated in Figs. 10A-C, reference to one or more of the electrical contacts
28 and 32 as touch proof can be as described in UL Standard 1977, Section 1.2, which is hereby
incorporated by reference and requires that the mating devices intended for usage external to the
end equipment shall not have exposed live contacts during engagement or withdrawal as
determined by the use of a probe 102 shown in Figs. 10A-C. Descriptions of the probe 102 and
how the probe 102 can be used to verify that the electrical contacts 28 and 32 are touch proof are
included below. The electrical contacts 28 and 32, and in particular the mating portions 28a and
32a, can also be considered touch proof because the mating portions 28a and 32a are blocked
from human contact or humans are otherwise prevented from touching the mating portions 28a

and 32a with their fingers.
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[8848] Referring in particular to Figs. 10A-C, the probe 102 can also be referred toas a
test finger because the probe 102 simulates human finger movement. The probe 102 includes a
tfinger portion 101, a rear portion 105, and a palm portion 103 disposed between the finger
portion 101 and the rear portion 105, The finger portion 101, the rear portion 105, and the palm
portion 103 can be made of any electrically conductive material as desired, for instance stainless
steel. The rear postion 105 can include or be connected to a handle portion, which can be made
of nylon. As shown, the finger portion 181 is in a fully extended position such the illustrated
finger portion 101 defines a maximum length along the longitudinal direction L. The finger
portion 101, and thus the probe 102, defines a distal or front end 106. The finger portion 101
further defines a rear end 112 opposite the distal end 106, When the finger portion 181 is in the
fully extended position, as shown, the rear end 112 of the finger portion is spaced from the distal
end 106 of the finger portion in a rearwardly longitudinal direction. The palm portion 103
includes a front end 114 and a rear end 116 spaced from the front end 114 along the longitudinal
direction L. The rear end 112 of the finger portion 101 is disposed adjacent to the front end 114
of the palm portion 103, The rear portion 105 defines a front end 118 and a rear end 120 spaced
from the front end 118 along the longitudinal direction L. The front end 118 of the rear portion
103 is disposed adjacent to the rear end 116 of the palm portion 103, and the rear end 120 of the
rear portion 105 can be disposed adjacent to the handle.

{0046} As shown, referring in particular to Fig. 104, the finger portion 101 defines a
curved surface along the lateral direction A at the distal end 106, The curved surface defines a
radius 104 that is equal to 3.5 millimeters (mm). As shown, referring in particular to Fig. 108,
the finger portion 1071 further includes a first or top surface 202 and a second or hottom surface
204 that meets the top surface 202 at the distal end 106. The top and bottom surfaces 202 and
204 extend away from each other rearwardly along the longitudinal direction L to a first location
122, The top and bottom surfaces 202 and 204 are spaced from ecach along the transverse
direction T a distance 123 at the first location 122, which is a location defined along the
longitudinal direction L. The distance 123 is 5.8 mm. The first location 122 is a distance 124
from the distal end 106 along the longitudinal direction L. As shown, the distance 124 is 5 mm.
Further, the top and botiom surfaces 202 and 204 define an angle 108 with respect to each other
at the distal end 106. The angle 108 is approximately 60 degrees.

{0047}  Still referring to Figs. 10A-C, the probe 102 defines joints 111, which enable the
probe 102 to simulate a human finger. The joints 111 each include a gap that defines a gap
distance 110 along the longitudinal direction L when the test finger is in the fully extended

position, as shown. The gap distance 110 is 0.05 mm. Center points 113 are centered between
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pairs of the joints 111 along the longitudinal direction L. A first center point 113a is a distance
136 from the distal end 106 along the longitudinal direction L when the probe 102 is in the fully
extended position. The distance 136 is 30 mm. A second center point 113b is a distance 138
from the distal end 106 along the longitudinal direction L when the probe 102 is in the fully
extended position. The distance 138 is 60 mm. A third center point 113¢ is a distance 140 from
the distal end 106 along the longitudinal direction L when the probe 102 is in the fully extended
position. The distance 140 is 100 mm.

[6648] As shown, the front end 114 of the palm portion 103 defines a width 130 along
the lateral direction A. The width 130 is 50 mm. The front end 114 is spaced from the distal end
106 a distance 132 along the longitudinal direction L when the finger portion 101 is in the fully
extended position. The distance 132 is 100 mm. The rear end 116 of the palm portion 143
defines a width 134 along the lateral direction A. The width 134 is 78 rom. The rear end 116 of
the palm portion 103 is spaced from the distal end 106 a distance 142 along the longitudinal
direction L when the finger portion 101 is in the fully extended position. The distance 142 is 154
mm.

[6849] In accordance with one embodiment, the connector housing 26 of the first
electrical connector 22 defines a plurality of shrouds 50 that at least partially, for instance fully,
surround respective ones of the second plurality of electrical contacts 29b, which can be
configured as receptacie contacts whose mating portions 28a include one or more fingers 52 that
are configured to receive therebetween a plug contact, for instance of the second electrical
connector 24. The shrouds 50 can be elongate along the mating direction. Thus, each of the
shrouds 50 can fully surround the receptacle mating portions 28a along a plane that is defined by
the lateral direction A and the transverse direction T. The shrouds 50 can extend beyond the
mating portions 28a of the second plurality of electrical contacts 29b along the longitudinal
direction L, such that each of the second plurality of electrical contacts 29b is touch proof. For
instance, the plurality of shrouds 50 of the connector housing 26 can terminate at a distal end 51
along the mating direction. The second plurality of electrical contacts 29b can be disposed in the
second row 46b as illustrated in Figs. 1-3B and Fig. 6A, or can be disposed in the first row 46a
as iHustrated in Fig. 6B. At least a portion of each of the shrouds 50 can be aligned with
respective ones of the first plurality of electrical contacts 29a along a select direction so as to
render the respective ones of the first plurality of electrical contacts 29a touch proof with respect
to the select direction. In accordance with one embodiment, the select direction can be upward
along the transverse direction T as illustrated in Figs. 1-3B, though it should be appreciated that

the select direction can be downward along the transverse direction as illustrated in Fig. 6B.
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{0050] Similarly, the connector housing 30 of the second elecirical connector 24
defines a plurality of shrouds 50 that at least partially, for instance fully, surround respective
ones of the first plurality of electrical contacts 33a, which can be configured as receptacie
contacts whose mating portions 32a include one or more fingers 52 that are configured to receive
therebetween a plug contact, for instance of the first electrical connector 22. Thus, each of the
shrouds 530 of the second electrical connector 24 can fully surround the receptacle mating
portions 32a along a plane that is defined by the lateral direction A and the transverse direction
T. The shrouds 50 can extend beyond the mating portions 32a of the first plurality of electrical
contacts 33a along the longitudinal direction L, such that each of the first plurality of electrical
contacts 33a is touch proof. For instance, the plurality of shrouds 50 of the connector housing 30
can terminate at a distal end 51 along the mating direction. The first plurality of electrical
contacts 33a can be disposed in the first row 48a as illustrated in Figs. 1-3B, or can be disposed
in the second row 48b as desired. At least a portion of each of the shrouds 50 can be aligned
with respective ones of the second plurality of electrical contacts 33b along a select direction so
as to render the respective ones of the second plurality of electrical contacts 33b touch proof with
respect to the select direction. In accordance with one embodiment, the select direction can be
downward along the transverse direction T as illustrated in Figs. 1-3B, though it should be
appreciated that the select direction can be upward along the transverse direction T as desired.

{0651] With continuing reference to Figs. 1-3B, the connector housing 26 defines a
plurality of beams 54 that are disposed between adjacent ones of the first plurality of electrical
contacts 29a, and aligned with the first plurality of electrical contacts 29a, for instance in the
lateral direction A along the first row 46a. Thus, the beams 54 can be spaced from each other
along the lateral dircetion A. The beams 54 can be sized and shaped as desired, and can have a
first height H, along the transverse direction T that is equal to or greater than a second height H,
of the electrical contacts 28 along the transverse direction T that are adjacent the beams 54 along
the lateral divection A. For fnstance, each beam 54 can have a body 54a and opposed terminal
upper and lower ends 54b that project out with respect to the body 54a along the Jateral divection
A. Thus, the distance between adjacent terminal ends 54b along the lateral direction A of
adjacent bearns 54 s less than the distance between the bodies S4a of the adjacent beams along
the lateral direction A. Because at least a portion of the terminal ends 54b is disposed out along
the transverse direction with respect to the adjacent first plurality of electrical contacts 292, the
terminal ends 34b, and thus the beams 54 render the first plurality of elecirical contacts 29a
touch proof with respect to the transverse direction T, including in the downward direction. For

instance, the plurality of beams 54 of the connector housing 26 can terminate at a distal end 35
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along the mating divection. Thus, the plurality of beams 54 and the plurality of shrouds 50 can
cach terminate at a respective distal end. Each of the first plurality of electrical contacts 29a can
terminate at a first distal end 31, Each of the first plurality of electrical contacts 292 can be
disposed between a pair of adjacent beams 34, In accordance with an example embodiment, the
distal end 55§ of the beams 54 extends beyond the first distal end 31 of the first plurality of
electrical contacts 292 along the mating direction, and the distal end 51 of the shrouds 58 extends
beyond the disial end 31, which can also be referred 1o as the second distal end 31, of the second
plurality of electrical contacts 29b along the mating direction.

{0852} Furthermore, the connector housing 30 defines a plurality of beams 54 that are
disposed between adjacent ones of the second plurality of electrical contacts 33b, and aligned
with the second plurality of electrical contacts 33b, for instance in the lateral direction A along
the second row 48b. The beams 54 can be sized and shaped as desired, and can have 3 height
along the transverse direction T that is equal to or greater than the height of the electrical
contacts 32 along the transverse dircction T that are adjacent the beams 54 along the lateral
direction A. Because at least a portion of the terminal ends 54b is disposed out along the
transverse direction with respect to the adjacent second plurality of electrical contacts 33b, the
termoinal ends 54b, and thus the beams 54 render the second plurality of electrical contacts 33b
touch proof with respect to the transverse direction T, including in the downward direction.
Each of the second plurality of electrical contacts 33b can be disposed between a pair of adjacent
beams 54. In accordance with an example embodiment, the distal end 55 of the beams 54
extends beyond the second distal end 35 of the second plurality of electrical contacts 33b along
the mating direction, and the distal end 51 of the shrouds 50 extends beyond the distal end 35 of
the first plurality of electrical contacts 33a along the mating direction.

18683] Accordingly, when the first and second electrical connectors 22 and 24 are
mated with each other, the shrouds 50 of the each of the first and second electrical connectors 22
and 24 are received between adjacent ones of the beams 54 of the other of the first and second
electrical connectors 22 and 24. Accordingly, the first portions of the mating interfaces of the
first and second electrical connectors 22 and 24 can be disposed between adjacent beams 54,
The second portions of the mating interfaces of the first and second electrical connectors 22 and
24 can be defined by the shrouds 50. The shrouds 50 of the first electrical connectors 22
surround the plug contacts 32 of the second electrical connector 24 when the first and second
electrical connectors 22 and 24 are mated 1o each other. Stmilarly, when the first and second
electrical connectors 22 and 24 are mated with each other, the shrouds 38 of the second electrical

connectors 24 surround the plug contacts 28 of the first elecirical connector 22. Thus, each of
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the shrouds 30 surrounds the portions of respective ones of the mated plug and receptacle
contacts. It should be appreciated that, in accordance with an alternative embodiment, that the
shrouds 50 and the beams 54 can cooperate to surround the mating portions of respective ones of
the mated receptacle contacts and plug contacts when the first electrical connectors are mated to
each other. It should be appreciated that cach of the connector housings 26 and 30 provides
protection from creepage between adjacent ones of the respective first plurality of electrical
contacts along the lateral direction A along the corresponding row, between adjacent ones of the
respective second plurality electrical contacts along the lateral direction A along the
corresponding row, and between adjacent ones of each of the first and second pluralities of
electrical contacts along the transverse direction T between the corresponding rows.

[8834] Referring now to Figs. 7A and 78, in accordance with an alternative
embodiment, the mating portions 28a and 32a that are configured as plugs can be immediately
adjacent to at least one shroud 54 along the lateral direction A such that none of the mating
portions configured as plugs are immediately adjacent more than one beam 54. For instance,
cach of the mating portions 28a can be immediately adjacent only one beam 54, and each of the
mating portions 32a can be immediately adjacent only one beam 34, The mating portions 28a
and 32a that are configured as plugs can be disposed between two shrouds 54 along the lateral
direction A. Furthermore, the mating portion 32a that is disposed between two shrouds 54 along
the lateral direction A can also be immediately adjacent one of the beams, for instance g beam
54 along the longitudinal direction L such that beam 54° defines a width along the lateral
direction A that is substantially equal to a width along the lateral direction A of a recess 59
defined by the connector housing 26. Thus, the recess 59 can be sized to receive the beam 547
when the first electrical connector 24 is mated with the second electrical connector 24,

{0055} Reterring now to Fig. 4, each of the connector housings 26 and 30 can include at
least one first alignment member carried by one or more up to all of the beams 54, and at least
one second alignment mernber carried by one or more up 1o all of the shrouds 50. The first and
second alignment members of the first and second connectors 22 and 24, respectively, are
configured to engage each other so as to assist in maintaining alignment of the connector
housings 26 and 30 when the first and second electrical connectors are mated. For instance, the
first alignment members can be configured as ribs 56 that project from each of the beams 54
toward the respective adjacent electrical contacts. The ribs 56 can be elongate along the mating
direction, which can be the longitudinal direction 1, and open at the mating interface. The
second alignment members can be configured as recesses 38 in respective outer surfaces of the

shrouds 50, the recesses 58 sized to receive respective ones of the ribs of the other of the first and
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second electrical connectors 22 and 24 when the first and second electrical connectors 22 and 24
are mated to each other. The recesses 58 can thus also be clongate along the longitudinal
direction L. Of course, it should be appreciated that the first engagement members can define
the recesses 5§ that extend into an outer surface of the beams 54, and the second engagement
members can define the ribs 54 that project out from the beams toward the respective adjacent
electrical contacis. Referring in particular to Fig. 4, the beams 54 and the ribs 56 can exiend
beyond the distal end 35 of the second plurality of electrical contacts 33b such that each of the
second plurality of elecirical contacts 33b is touch proof. Similarly, the beams 54 and the ribs 36
can extend beyond the distal end 31 of the second plurality of clectrical contacts 29b such that
each of the second plurality of electrical contacts 28b is touch proof.

[0056] Referring now to Fig. 9, the mounting portions 32b of the electrical contacts 32
define a footpring 60 taken from a bottom plan view of the substrate 36 and the elecirical
connector 24 that is mounted to the substrate 36. The electrical connector 26 is illustrated as
including three electrical contacts 32 that cach include one mating portion 32b, though any
number of contacts 32 and mating portions 32b can be included in the electrical connector as
desired. While the footprint 60 is illustrated with respect to the electrical contacts 32, it will be
undersiood that the footprint 60 can likewise be defined by the mounting portions 28b of the
electrical contacts 28. As shown, the footprint 60 includes a plurality of columns. The mounting
portions 32b are arranged in the plurality of columns. For instance, in accordance with the
illustrated embodiment, the mounting portions 32b of two electrical contacts 32, for instance a
first and a second mounting portion 32b, are arranged in a first colurnn €. The mounting
portions 32b of two electrical contacts 32, for instance a third and fourth mounting portion 32’
and 32b7, respectively, can be arranged in a second column C,. The mounting portions 32b of
two electrical contacts 32, for instance a fourth and fifth mounting portion 32b, can be arranged
in a third column Cs. The first, second, and third columns are spaced from each other along the
lateral direction A. The second column C; is disposed between the first column €, and the third
column Ca. Thus, the second column Cy is adjacent to the first column C and the third column
Cs. The first, second, and third columns can each extend along a direction that is substantially
parallel to each other. As shown, cach of the first, second, and third columns extend and are
elongate along the longitudinal direction L, and the plurality of columns are disposed laterally
adjacent to each other.

88571 The spacing between centerlines of adjacent columns € and C; and adjacent
columns C; and C; may be referred to as the column pitch CP. For instance, adjacent columns

C; and C; can define a first colurnn pitch CP1, and adjacent columns C; and Cs can define a
-21 -



WO 2015/081064 PCT/US2014/067298

second column pitch CP2. Ag illustrated, the first column pitch CP1 between columns Cy and €
can be substantially equal to the second column pitch CP2 between columns C; and C.
Furthermore, in accordance with the illustrated embodiment, adjacent mounting portions 32b can
define respective column pitches that are substantially equal to a distance that the adjacent
yoating portions 32a are spaced from each along the lateral direction A. Thus, the first and
second column pitches CP1 and CP2 can be between | and 5 mm. In one example embodiment,
the first and second column pitches defined by the mounting portions 28b and 32b are
approximately 4 mm. Referring to Fig. 7A and 7B, in accordance with another example
embodiment, the first and second column pitches defined by the mounting portions 28b and 32b
can be approximately 2 mm. It should be appreciated, however, that the first column pitch CP1
can alternatively be less than or greater than the second column pitch CP2 it desired. It should
be further appreciated that any desired column pitch could be used as desired.

[60658] Still referring to Fig. 9, an egual number of mounting portions 32b can be
disposed in cach of the plurality of columns, For instance, two mounting portions 32b can be
disposed in each of the plurality of columns. The mounting portions can be further arranged ina
plurality of rows that are oriented substantially perpendicular to the orientation of the columns.
For example, the plurality of rows can be are elongate in the lateral direction A that is
substantially perpendicular to the longitudinal direction L. The rows can be longitudinally
adjacent to each other. In accordance with the illustrated embodiment, one of the mounting
portions 32b that is disposed in the second column C; is disposed in a first row Ry, and the other
of the mounting portions 32b that is disposed in the second column C2 is disposed in a third row
R;. Furthermore, as shown, the mounting portions 32b that are disposed in the first column
can be disposed in a second row Ry and a fourth row Ry, and the mounting portions 32b that are
disposed in the third column C; can be disposed in the second row R; and the fourth row Ra.
The second row R, can be disposed between the first row R, and the third row R, and the third
row Rz can be disposed between the second row Ry and the fourth row Ry, The spacing between
adjacent rows may be referred to as the row pitch RP. For instance, the spacing between
adjacent rows Ry and R; can define a first row pitch RP1, the spacing between adjacent rows Ra
and R3 can define a second row pitch RP2, and the spacing between rows R; and Ry can define a
third row pitch RP3. As illustrated, the first row pitch RP1 between rows Ry and R can be
substantially equal to the second row pitch RP2 between rows R; and Rs, which can also be
substantially equal to the third row pitch RP3 between rows R; and Ry, The rows can be spaced

trom each along the longitudinal direction. For instance, the rows R4 can each extend along a
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direction that is substantially perpendicular to the direction that the columns Cy; extend. As
shown, each of the rows extend and are elongate along the lateral direction A.

{0059] Further, as illustrated, the mounting portions 32b disposed in adjacent colurnns
can be offset in the longitudinal direction L with respect to each other. For instance, the third
and fourth mounting portions 32b” and 32b” in the second column C; can be offset in the
longitudinal direction L with respect to the first and second mounting portions 32b in the first
column C, and the fourth and fifth mounting portions 32b in the third column Cs. The mounting
portions 32b disposed in the first column Cy can be aligned with the mounting portions 32b
disposed in the third column Cs along the longitudinal direction L. Otherwise stated, the first
and third rows R; and R; defined by the mounting portions 32b of one column of the electrical
contacts 32 are not aligned with the second and fourth rows R; and R4 defined by the mounting
portions 32b of two other columns of the electrical contacts 32. For example, the third mounting
portion 32b’ is disposed longitudinally between the adjacent mounting portions disposed in the
second row R and the fourth row Ry. [t is further appreciated that no mounting portions are
disposed between the mounting portions 32 and 327 along the second column Ca. Otherwise
stated, the second column C; is devoid of mounting portions that are in lateral alignment with
mounting portions disposed in the first column Ci or the third column C3. Thus, as described
above and in accordance with the illustrated embodiment, the mounting portions 32b can be
arranged such that each of the mounting portions 32b define the vertices of at least one
approximately equilateral triangle 62. The angles defined by the vertices of the triangles 62 can
be approximately, for instance precisely, equal to 60 degrees. Thus, the mounting portions 32b
can be arranged such that each of the mounting portions 32b define a vertex of at least one
respective equilateral triangle 62 defined by three of the mounting portions 32b. As shown, the
equilateral triangles 62 can be dependent on the row pitches being substantially equal to each
other and the column pitches being substantially equal to each other. For instance, the first row
pitch RP1, the second row pitch RP2, the third row pitch RP3, the first column pitch CP1, and
the second column pitch CP2 can be substantially equal to each other. Further, at least one
mounting portion 32b of one column can be disposed midway between the mounting portions
32b of at least one adjacent column with respect to the longitudinal direction L. In accordance
with the illustrated embodiment, the mounting portions 32b of one column and the mounting
portions 32b of an adjacent column define two equilateral triangles 62, though it be understood
that the mounting terminals can be arranged to define any number of equilateral triangles 62 as

desired.
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{6068] Stll referring to Fig. 9, the first and second mounting portions 32b can be
disposed in the first column C,, and the third mounting portion 32b can be disposed in the second
cotumn such that the first, second, and third mounting portions defining a first equilateral
triangle 62. The first mounting portion 32b, the second mounting portion 32b, and the fourth
mounting portion 32b” that is disposed in the second column C, can define a second equilateral
triangle 62. The fifth and sixth mounting portions 32b can be disposed in the third column Cs
such that the fourth, fifth, and sixth mounting portions defing a third equilateral triangle 62. The
third mounting portion 32b’, the fifth mounting portion 32b, and the sixth mounting portion 32b
can define a fourth equilateral triangle 62. Thus, the third mounting portion 32b" canbe a
common vertex that is shared by at least four, for instance four, equilateral triangles defined by
the mounting portions 32b.

[8661] Thus, as illustrated, the mounting portions of adjacent columns of a given
electrical contact are spaced apart a greater distance than if they were not longitudinally offset
{€.g.. than if they were in lateral alignment). Accordingly, it can be said that a select pair of
mounting portions disposed in adjacent columns arg spaced apart a distance greater than the
lateral distance between the adjacent columns. Conventional connectors with mounting
terminals are not longitudinally offset in the manner described above. Therefore, the above-
described electrical connectors provide increased spacing between the mounting portions without
increasing the footprint of the mounting interface of the connector with respect to the similarly
constructed connector. Otherwise stated, a conventional connector can be modified by offsetting
the mounting portions along every other column such that each mounting terminal is a vertex of
an equilateral triangle defined by adjacent columns, so as to increase the distance between
adjacent mounting portions without increasing the footprint of the mounting interface of the
electrical connector.,

[0862] It should further be appreciated that the increased spacing between the mounting
portions allows the electrical contacts to carry an increased working voltage (for instance 400V
or greater} with respect to conventional mounting portions, while at the same time reducing or
preventing voltage between mounting portions during operation. For instance, current generally
follows a path of least resistance along the elecirical contacts 32 to the mounting portions 32b
and then into the printed circuit board 36. Accordingly, in conventional connectors, increased
numbers of mounting portions generally allow for higher levels of current to flow through the
contact, Unfortunately, increased numbers of mounting portions decreases the spacing, and thus
the creepage distance, between mounting portions, which limits the working voltage.

Accordingly, the electrical connectors 22 and 24 can define the footprint 60 that is configured to
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increase the space, and thus the creepage distance, between two immediately adjacent mounting
portions, without otherwise increasing the overall footprint at the mounting interface of the
connector, While the footprint 60 and its alternative embodiments have been illustrated and
described with respect to the mounting portions 32b of one or more electrical contacts 32, for
instance power contacts 32, it should be appreciated that the footprint 60 can be defined by the
mounting portions of any type of contacts, for instance single-beam AC power contacts, signal
contacts, or DC power contacts. While various footprint embodiments have been described in
combination with the clectrical connector 24, it should be appreciated that the various structures
and features described herein are applicable to differently constructed connectors, for instance
the electrical connectors 22, 22a, and 24a described herein.

[8063]  As illustrated in Figs. 1-38, the first and second electrical connectors 22 and 24
can be configured such that when the first and second electrical connectors 22 and 24 are
mounted to the respective first and second substrates and mated to each other, the first and
second substrates are orthogonal to cach other. Alternatively, as iHustrated in Figs. 5-68, the
first and second electrical connectors 22 and 24 can each be configured as right-angle electrical
connectors such that when the first and second electrical connectors 22 and 24 are mounted fo
the respective first and second substrates and mated to each other, the first and second substrates
are coplanar with each other. It should be understood that the first and second electrical
connectors 22 and 24 can be configured to carry any amount of power as desired, for instance
400 V of DC power,

[8064] As described above, in accordance with an example embodiment, the first and
second electrical connectors 22 and 24 are touch proof as determined by the probe 102, In
particular, when the probe 102 is applied to the mating interfaces of the electrical connectors 22
and 24, the distal end 106 of the probe 102 is prevented from touching the elecirical contacts 28
and 32, regardless of the angle that the probe 102 is oriented with respect to the mating interfaces
of connectors 22 and 24. To particular, a portion of the finger portion 181 of the probe 102 can
be disposed within the connector housings 26 and 30 during a touch proof test, but the finger
portion 131 can be prevented by the housings 26 and 30, in particular the distal ends 51 of the
shroud 30 and the distal end 55 of the beams 54, from being able to touch the contacts 28 and 32.
Thus, during a touch proof test using the probe 102, the probe 102 and the connector housing can
define a point of largest ingress. The point of largest ingress can be defined as an inward
distance from the distal end 51 of the shroud 530 to the distal end 106 of the probe along the
mating direction. The point of largest ingress can be less than a distance from the distal end 51

of the shroud 30 to the distal ends of the electrical contacts disposed within the shrouds 50 along
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the mating direction. Similarly, a point of largest ingress can be defined as an inward distance
from the distal end 55 of the beams 54 to the distal end 106 of the probe along the mating
direction. The point of largest ingress can be less than a distance from the distal ends 55 of the
beams 34 to the distal ends of the electrical contacts disposed between the beams 54 along the
mating direction,

{00651 A method can include any steps as described above. For instance, a method of
mating can include the first and second electrical connectors to each other can include bringing
the first and second electrical connectors toward each other. During the bringing step, the
shrouds of each of the first and second electrical connectors can be inserted between adjacent
ones of the bears of the other of the first and second electrical connectors. The method can
further include inserting ones of the first plurality of electrical contacts of the each of the first
and second electrical connectors between a pair of fingers of ones of the second plurality of
electrical contacts of the other of the first and second electrical connectors 50 as to establish an
electrical power connection between the first plurality of electrical contacts and the second
plurality of electrical contacis.

[3866] The foregoing description is provided for the purpose of explanation and is not
to be construed as limiting the invention. While the invention has been described with reference
to preferred embodiments or preferred methods, it is understood that the words which have been
used herein are words of description and illustration, rather than words of limitation.
Furthermore, although the invention has been described herein with reference to particular
structure, methods, and embodiments, the invention is not intended to be limited to the
particulars disclosed herein, as the invention extends to all structures, methods and uses that are
within the scope of the appended claims. For example, while the embodiments disclosed are two
tiered, it should be understood that the features may be incorporated into single tiered connectors
or other multi-tiered connectors. Furthermore, it should be appreciated that structures and
features described above in connection with one or more embodiments can be included in all
other embodiments, unless otherwise indicated. Those skilled in the relevant art, having the
benefit of the teachings of this specification, may effect numerous modifications to the invention
as described herein, and changes may be made without departing from the scope and spirit of the

invention as defined by the appended claims.
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What ts Claimed:

i. An electrical power connector comprising:

an electrically insulative connector housing;

a first plurality of electrical contacts supported by the connector housing, the first
phurality of electrical contacts being of a first type; and

a second plurality of electrical contacts supporied by the connector housing, the second
plurality of electrical contacts being of a second type and positioned adjacent to the first plurality

of electrical contacis.

2. The electrical power connector as recited in claim 1, wherein each of the first plurality of
electrical contacts extends along a respective length to a mating portion, and the housing extends
bevond the mating portions of the first plurality of electrical contacts such that each of the first

plurality of electrical contacts is touch proof.

3. The electrical power connector as recited in any one of the preceding claims, wherein
each of the second plurality of electrical contacts extends along a respective length to a mating
portion, and the housing cxtends beyond the mating portions of the second plurality of electrical

contacts such that each of the second plurality of electrical contacts is touch proof.

4, The electrical power connector as recited in any one of the preceding claims, wherein the
first plurality of electrical contacts are plug contacts, and the second plurality of electrical

contacts are receptacle contacts.

g

The electrical power connector as recited in any one of the preceding claims, wherein the
second plurality of electrical contacts inclades one or more fingers configured to receive
thercbetween a plug contact, and the first plurality of electrical contacts are contigured as plug

contacts.

6. The electrical power connector as recited in any of claims 4 and 5, wherein the first
plurality of electrical contacts is arranged along a first row and the second plurality of electrical
contacts is arranged along a second row that is spaced from the first row along a transverse
direction that is substantially perpendicular to a mating direction of the electrical power

connector.
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7. The electrical power connector as recited any of claims 4 and 3, wherein the first plurality
of electrical contacts and the second plurality of electrical contacts are arranged in a first row
along a lateral direction such that every other electrical contact in the first row is configured as a
plug contact that is aligned with a receptacle contact along a transverse direction that is
substantially perpendicular to the lateral direction and a mating direction of the electrical power

connecior.

8. The electrical power connector a recited in any one of the preceding claims, wherein the
housing defines a plurality of shrouds that surround respective ones of the second plurality of
clectrical contacts, such that at least a portion of the shrouds is aligned with respective ones of
the first type of electrical contacts along a select direction so as to render the first plurality of

elecirical contacts touch proof with respect to the select direction.

g, The electrical power connector as recited in any one of the preceding claims, wherein the
housing provides creepage protection between adjacent ones of the first plurality of electrical
contacts, adjacent ones of the second plurality electrical contacts, and adjacent ones of each of

the first and second pluralities of electrical contacts.

16.  The electrical power connector as recited in any one of the preceding claims, wherein the
housing defines a plurality of beams that are disposed between adjacent ones of the first plurality
ot electrical contacts, and a plurality of shrouds that surround respective ones of the second

plurality of electrical contacts.

il The electrical power connector as recited in claim 10, wherein the housing {urther
comprises ribs that project from each of the beams toward the respective adjacent one of the first

plurality of elecirical contacts.

12, The electrical power connector as recited in claim 11, wherein the housing defines
recesses in respective outer surfaces of the shrouds, the recesses sized to receive respective ribs

of a second electrical connecior constructed as recited in claim 11 when mated.

13, The ¢lectrical power connector as recited in any one of the preceding claims, wherein the
housing defines a mating interface configured to mate with a second electrical connecior so as to
place each of the first and second pluralities of electrical contacts in electrical communication

with respective complementary second and first pluralities of electrical contacts of the second
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electrical connector, and the housing defines a mounting interface configured to be mounted to a

subsirate so as to place the electrical contacts in electrical communication with the substrate.

14, The electrical power connector as recited in claim 13, wherein the mating interface is

perpendicular to the mounting interface.

15. The electrical power connector as recited in any one of claims 13 to 14, wherein the

mating interface is parallel with the mounting interface.

i6. The electrical power connector as recited in any one of claims 13 to 15, wherein the first
plurality of electrical contacts are aligned in a first row, and the second plurality of electrical

contacts are aligned in a second row adjacent the {irst row.

17.  The electrical power connector as recited in any one of the preceding claims, wherein
cach of the electrical contacts include a mounting portion, the mounting portions arranged such
that each of the mounting portions define a vertex of at least one approximately equilateral

friangle defined by three of the mounting portions.

18.  An eclectrical power connector comprising:

a dieleciric connector housing that includes a plurality of beams and a plurality of
shrouds that cach terminate at a respective distal end, the plurality of beams and the plurality of
shrouds defining a mating interface configured to mate with a complementary electrical power
conpector along a mating direction;

a first plurality of electrical contacts supported by the connector housing spaced apart
from each other along a lateral direction that is substantially perpendicular to the mating
direction; and

a second plurality of electrical contacts supported by the connector housing spaced apart
from each other along the lateral direction, the second plurality of electrical contacts spaced from
the first plurality of elecirical contacts along a transverse direction that is substantially
perpendicular to both the mating and lateral directions,

wherein 1) the first plurality of electrical contacts terminate at a first distal end
configured to mate with a complementary electrical contact of the complementary electrical
connector, 2} the second plurality of electrical contacts terminate at a second distal end
configured to mate with a complementary elecirical contact of the complementary electrical

connector, 3} the distal end of the beams extends beyoud the first distal end of the first plurality
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of electrical contacts along the mating direction, and 4) the distal end of the shrouds extends

beyond the second distal end of second plurality of electrical contacts along the mating direction.

19, The electrical power connector as rectied in claim 18, wherein the plurality of shrouds at
least partially surround respective ones of the second plurality of electrical contacts from a plane

defined by the lateral and transverse directions.

20.  The electrical power connector as recited in any one of claims 18 to 19, wherein the
plurality of shrouds fully surround a mating portion of the second plurality of electrical contacts,
the mating portion including the distal end and configured to mate with the complementary

electrical contact.

21, The electrical power connector as recited in claims 18 {o 20, wherein the plurality of

shrouds is clongate along the mating direction.

22.  The clectrical power connector as recited in any one of claims 18 to 19, wherein the

plurality of beams are spaced from each other along the lateral direction.

23, The electrical power connector as recited in any one of claims 19 to 23, wherein the

plurality of beams are disposed between adjacent ones of the first plurality of electrical contacts.

24, The electrical power connector as recited in any one of claims 18 to 23, wherein the
beams extend bevond the second distal end of the second plurality of electrical contacts such that

the second plurality of electrical contacts is touch proof.

25.  The electrical power connector as recited in any one of claims 23 and 24, wherein the
housing further comprises ribs supported by the beams, the ribs projecting out from the bearus

toward the respective adjacent one of the first plurality of electrical contacts.

26.  The electrical power connector as recited in claim 25, wherein the ribs are elongate along

the mating direction.

27.  The electrical power connector as recited in any one of clairns 25 and 26, wherein the
beams and the ribs extend beyond the second distal end of the second plurality of electrical

contacts such that each of the second plurality of electrical contacts is touch proof.
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28, The electrical power connector as recited in any one of claims 18 to 27, wherein the first
plurality of electrical contacts are plug contacts, and the second plurality of elecirical contacts

are receptacie contacts.

28, An electrical power connector assembly including first and second electrical connectors

cach as recited in any one of the preceding claims.

30.  The electrical power connector assembly as recited in claim 29, wherein the shrouds of
the each of the first and second electrical connectors surround respective ones of the first
electrical contacts of the other of the first and second electrical connectors when the first and

second electrical connectors are mated to each other.

31,  The electrical power connector assembly as recited in any one of claims 28 and 29,
wherein the shrouds of the each of the first and second electrical connectors are received
between adjacent ones of the beams of the other of the first and second electrical connectors

when the first and second electrical connectors are mated to cach other.

32, The electrical power connector assembly as recited in any one of claims 29 0 31,
wherein the mating interface of the second electrical connector is perpendicular to the mounting

interface of the second electrical connector.

33.  The electrical power connector assembly as recited in any one of claims 29 1o 31,
wherein the mating interface of the second electrical connector is parallel with the mounting

interface of the second electrical connector,

2

34.  The electrical power connector assembly as recited ju any one of claims 29 to 33,
wherein when the first and second elecirical connectors are mounted to respective first and
seoond substrates and mated to each other, the first and second substrates are coplanar with each

other.

35, The electrical power connector as recited in any one of clairas 29 to 33, wherein when the
first and second electrical connectors are mounted to respective first and second substrates and

mated to each other, the first and second subsirates are orthogonal to each other.

36. A method of mating the first and second electrical connectors as recited in claim 29 to
each other, the method comprising the steps oft
bringing the first and second electrical connectors toward each other; and

i-
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during the bringing step, inserting the shrouds of each of the first and second electrical
connectors between adjacent ones of the beams of the other of the first and second elecirical

connectors.

37.  The method as recited in claim 36, the method further comprising:

inserting ones of the first plurality of elecirical contacts of the each of the first and second
electrical connectors between a pair of fingers of ones of the second plurality of electricat
contacts of the other of the first and second elecirical connectors 50 as to establish an electrical
power connection between the first plurality of electrical contacts and the second plurality of

electrical contacts.

38 An ¢lectrical connector comprising:

an electrically insulative connector housing; and

a plurality of elecirical contacts supported by the connector housing, each of the electrical
contacts including a mounting portion configured to mount to a printed circuit board,

wherein the mounting portions are arranged such that each of the mounting portions
define a vertex of at least one respective equilateral triangle defined by three of the mounting

portions.

38, The electrical connector as recited in claira 38, wherein each of the electrical contacts

includes only one mounting portion,

40, The elecirical connector as recited in any one of claims 38 and 39, wherein the mounting
portions are further arranged in a plurality of columnus that are elongate in a longitudinal
direction and are disposed laterally adjacent to each other, the columns comprising a first
column, a second column that is spaced from the first column a first column piteh, and a third
column that is spaced from the second column a second column pitch that is substantially equal

to the first column pitch.

41.  The electrical connector as recited in any one of claims 39 and 40, wherein a firstand a
second mounting portion are disposed in the first colurmn, and a third mounting portion is
disposed in the second colurnn such that the first, second, and third mounting portions define a

first equilateral triangle.
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42.  The electrical connector as recited in claim 41, wherein a fourth mounting portion is
disposed in the second column such that the first, second, and fourth mounting portions define a

second equilateral triangle.

43.  The electrical connector as recited in claim 42, wherein a fifth and a sixth mounting
portion are disposed in the third column such that the fourth, fifth, and sixth mounting portions

define a third equilateral triangle.

44, The electrical connector as recited in claim 43, wherein the third, fifth, and sixth

mounting portions define a fourth equilateral triangle.

45.  The electrical connector as recited in any one of claims 41 to 43, wherein the third
mounting portion is a common vertex shared by at least four equilateral triangles defined by the

mounting portions.

46.  The electrical connector as recited in any one of claims 40 to 45, wherein an equal

aumber of mounting portions are disposed in each of the plurality of columns.

47.  The electrical connector as recited in any of claims 40 to 46, wherein two mounting

portions are disposed in each of the plurality of columns.

48.  The electrical connector as recited in any one of claims 40 to 47, wherein the mounting
portions are further arranged in a plurality of rows that are elongate in a lateral direction that is
substantially perpendicular to the longitudinal direction, and are longitudinally adjacent to each

other.

49.  The electrical connector as recited in claim 48, wherein the mounting portions disposed
in the second column are disposed in a first row and a third row, and the mounting portions in the
first and third columns are disposed in a fourth row and a second row that is between the first

row and the third row, the third row disposed between the second row and the fourth row.

50.  The electrical connector as recited in claim 49, wherein the first row is spaced from the

second row a first row pitch, the second row is spaced from the third row a second row, and the
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third row is spaced from the fourth row a third row pitch that is substantially equal both the first

row pitch and the second row pitch.

51.  The electrical connector as recited in claim 50, wherein the first row pitch, the second
row piteh, the third row pitch, the first column pitch, and the second column pitch are

substantially equal to each other.

52.  Anelectrical power connector configured to mate with a complementary electrical power
connector along a mating direction, the electrical power connector comprising:

an electrically insulative connector housing that includes a housing body and a plurality
of first portions that extend from the housing body along the mating direction; and

a plurality of electrical contacts supported by the connector housing, the electrical
contacts each terminating at a mating portion configured to mate with complementary electrical
contacis of the complementary electrical connector, the mating portions arranged in a plurality of
columns that extend along a column direction, the columns spaced from cach other along a row
direction that is substantially perpendicular to the column direction,

wherein the electrical contacts include plug contacts and receptacle contacts, and the first
portions extend farther from the housing body relative to the mating portions of the electrical

contacts along the mating direction such that each of the electrical contacts is touch proof.

53.  The electrical power connector as recited in claim 32, wherein each column includes only

one of plug contacts or receptacle contacts,

34,  The elecirical power connector as recited in any of claims 52 and 53, wherein adjacent
columns along the row direction define an alternating pattern of plug and receptacie contacts
such that no plug contacts are immediately adjacent to receptacle contacts along the row

direction.

55,  The electrical power connector as recited in any ove of ¢laims 52 to 54, wherein the first

portions are substantially diamond shaped.

S6.  The electrical power connector as recited in claim 55, wherein the first portions are sized

1o be received by complementary portions of a complementary connector housing of the
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complementary electrical power connector when the electrical power connector is mated with the

complementary electrical power connector.

§7.  The electrical power connector as recited in any one of claims 52 to 56, wherein the first
portions define a plurality of slots, the mating portions of the plug contacts disposed within

respective slots.

58.  The electrical power connector as recited in claim 57, wherein the slots are elongate

along the column direction.

59.  The electrical power connector as recited in any one of claims 52 to 537, wherein the first
portions define second portions sized o receive complementary portions of a complementary
connector housing of the complementary electrical connector when the electrical power

connector is mated with the complementary electrical power connector.

6.  The elecirical power connector as recited in claim 59, wherein the first portions are
substantially diamond shaped and are arranged so as to define the second portions that are

substantially diamond shaped.

61.  The electrical power connector as recited in claim 60, wherein the receptacle contacts
define fingers spaced apart from cach other along the row direction such that the fingers are
configured to receive thercbetween a complementary plug contact of the complementary
electrical power connector when the electrical power connector is mated with the complementary

power connecior.
62.  The electrical power connector as recited in claim 61, wherein each of the receptacle

contacts is disposed immediately adjacent two first portions along the row direction and two

second portions along the column direction.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. [X] Claims Nos.: 11-12,14,26,30,36-37,42-44,49-51,56.58.60-62
) because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claims 11-12,14,26,30,36-37,42-44,49-51,56,58,60-62 are unclear because they refer to unsearchable claims, which do not
comply with PCT Rule 6.4(a).

3. Claims Nos.: 4-10,13,15-17,21-25,27-29,31-35,41,45-48,55,57.59
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search repott covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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