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ELECTRICAL CABLE CONNECTOR

CROSS-REFERENCE TO RELATED APPLICATIONS
{68617 This claims the benefit of U.S. Patent Application Serial No. 61/895,912 filed
on October 23, 2013, the disclosure of which is hereby incorporated by reference as if set forth in

its entirety herein.

BACKGROUND

{8062] Electrical connectors include dielectric or electrically insulative connector
housings, and a plurality of electrical contacts supported by the housing. The electrical contacts
define mating ends that are configured to mate with a complementary electrical connector. The
mounting ends are configured to be mounted to a complementary electrical component. In some
applications, the mounting ends are configured to be placed in communication with conductive

cables that include electrical signal conductors and drain wires,

SUMMARY

[8003] In accordance with one embodiment, an electrical connector includes an
electrically insulative connector housing, and a leadframe supported by the connector housing.
The leadframe includes an electrically insulative leadframe housing and a plurality of electrical
signal contacts supported by the leadframe housing. The electrical connector can further include
an electrically conductive ground plate positioned adjacent to the leadframe housing, the ground
plate including an electrically conductive plate body and a drain wire connection tab that projects
out from the plate body. The electrical connector can be configured to receive at least one
electrical cable such that signal conductors of the electrical cable are attached to the signal
contacts and a drain wire of the electrical cable is mechanically attached to the drain wire

connection tab, thereby placing the drain wire in electrical communication with the ground plate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[8064] The foregoing summary, as well as the following detailed description of
example embodiments of the application, will be better understood when read in conjunction
with the appended drawings, in which there is shown in the drawings example embodiments for
the purposes of illustration. It should be understood, however, that the application is not limited
to the precise arrangements and instrumentalities shown. [n the drawings:

[8665] Fig. 1 is an exploded perspective view of an electrical connector system
constructed in accordance with one embodiment, including a first electrical connector and a
second electrical connector;

{80861 Fig. 2 is an end clevation view of an electrical cable configured to be placed in
electrical communication with the first electrical connector;

{00607} Fig. 3 is an exploded perspective view of a leadframe assembly and a plurality
of electrical cables illustrated in Fig. 2 configured to be placed in electrical communication with
the leadframe assembly:

[0008] Fig. 4A is a perspective view of a portion of a leadframe assembly including a
plurality of electrical signal contacts supported by a leadframe housing in accordance with on
ecembodiment;

[6889] Fig. 4B is a perspective view of a portion of the leadirame assembly illusirated
in Fig. 4A, but further including a plurality of electrical cables having electrical signal
conductors mounted to respective ones of the signal contacts;

[6616] Fig. 4C is a perspective view of a portion of the leadframe assembly illustrated
in Fig. 4B, but including a ground plate;

[6611] Fig. 4D is a perspective view of a portion of the leadframe assembly iHustrated
in Fig. 4C, but including a termination housing;

[6812] Fig. 4E is a perspective view of the leadframe assembly illustrated in Fig. 4D,
further including a strain relief housing;

{0013} Fig. 5A is a perspective view of a ground plate constructed in accordance with
an alternative embodiment;

{6014} Fig. 5B is a perspective view of a leadframe assembly constructed in accordance
with an alternative embodiment;

[0815] Fig. 6A is a perspective view of a portion of a leadframe assembly constructed
in accordance with an alternative embodiment, including a leadframe housing and a plurality of
electrical signal contacts supported by the leadframe housing;

.
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{8016] Fig. 6B is a perspective view of a portion of the leadframe assembly ilhustrated
in Fig. 6A, but including a plurality of electrical cables having electrical signal conductors
mountied to respective ones of the electrical signal contacts;

{88171 Fig. 6C is a perspective view of a portion of the leadframe assembly illustrated
in Fig. 6B, but including a ground plate constructed in accordance with one embodiment;

{8618} Fig. 6D is a perspective view of a portion of the leadframe assembly tHustrated
in Fig. 6C, but including a termination housing;

{8019} Fig. 6F is a perspective view of the leadframe assembly iHlustrated in Fig. 6D,
but including a termination housing;

{8028] Fig. 7A is a perspective view of a conventional cable bundie;

{0821] Fig. 7B is another perspective view of a conventional cable bundle;

[B822] Fig. 7C is another perspective view of a conventional cable bundle;

[B823] Fig. 8A is a perspective view of a cable bundle atiached to a cable clip
construcied in accordance with one embodiment;

[6624] Fig. 8B is a top plan view of a cable bundle attached o the cable clip tllustrated
in Fig. 8A;

{0025} Fig. 8C is a side elevation view of the cable bundle attached to the cable clip as
illustrated in Fig. 8B

{8026] Fig. 8D is a top plan view of a plurality of wires of the cable bundle illustrated
in Fig. §8, shown with the outer sheath removed;

[8827] Fig. 8E is a side elevation view of the plurality of wires of the cable bundle
illustrated in Fig. 8B, shown with the outer sheath removed

{8028] Fig. 8F is a top plan view of a conventional cable bundle, shown with the outer
sheath removed;

[8029] Fig. 8G is a top plan view of a cable bundie arranged as when attached to the
cable clip constructed in accordance with one embodiment, shown with the outer sheath
removed;

{0838] Fig. 9A is an exploded perspective view of the cable clip illustrated in Fig. 84;

[8831] Fig. 9B is a perspective view of the cable clip illustrated in Fig. 9A;

j0832] Fig. 10A is a perspective view of a cable guide that includes a guide body and
the cable clip supported by the guide body;

{6033} Fig. 10B is a perspective view of the cable guide illustrated in Fig. 10A, but
showing the cable clip exploded:
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[0034] Fig. 10C is another perspective view of the cable guide illustrated in Fig. 104,

{0835} Fig. 10D is a perspective view of the cable guide as illustrated in Fig. 10A, but
including a slot for a band attachment; and

[8036] Fig. 10E is a perspective view of the cable guide illustrated in Fig. 10D, but
showing the band attached.

DETAILED DESCRIPTION

{6637} For convenience, the same or equivalent elements in the various embodiments
Hustrated in the drawings have been identified with the same reference numerals. Reterring
initially to Fig. 1, an electrical connector system 20 constructed in accordance with one
embodiment can include a first electrical connector assembly 22 and a second or complementary
electrical connector assembly 24. The first electrical connector assembly 22 is configured to be
mated with the second or complementary electrical connector assembly 24 in a mating direction
M that is along a longitudinal direction L. The first electrical connector assembly 22 can include
a {irst electrical connector 100 and at least one first electrical component such as at least one
electrical cable 200, including a plurality of electrical cables 200. The complementary electrical
assembly 24 can include a complementary or second electrical connector 300 and a second
electrical component such as a substrate 400 that can be configured as a printed circuit board.

[6638] The first and second electrical connectors 100 and 300 can be configured to be
mated with each other s0 as to establish an electrical connection between the first and second
electrical connectors 100 and 300, and thus between the first and complementary electrical
connector assemblies 22 and 24, respectively. The first electrical connector 100 can be
configured to be mounted to the plurality of electrical cables 200 so as to place the {irst electrical
connector 100 in electrical communication with the plurality of electrical cables 200. Similarly,
the second electrical connector 300 can be configured to be mounted to the substrate 400 so as to
establish an electrical connection between second electrical connector 300 and the substrate 400,
Thus, the electrical cables 200 can be placed in electrical communication with the substrate 400
when the first and second electrical connectors 100 and 300 are mounted to the electrical cables
200 and the substrate 400, respectively, and mated to each other.

[B339] The substrate 400 can be provided as a backplane, midplane, daughtercard, or
the like. The electrical cables 200 can include as signal conductors and at least one drain, power
cables, optical cables, or any suitable alternatively constructed conductive cables. As illustrated

in Fig. 2, each of the electrical cables 200 include at least one signal carrying conductor 202,

.
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such as a pair of signal carrying conductors 202, and an electrically insulative layer 204 that
surrounds each of the pair of signal carrying conductors 202. The elecirically insulative layers
204 of each cable can reduce the crosstalk imparted by one of the conductors 202 of the cable
200 to the other of the conductors 202 of the cable 200. Each of the cables 200 can further
include an electrically conductive ground jacket 206 that surrounds both of the respective
insulative layer 204 of the cable 200. The ground jacket 206 can be connected o a respective
ground plane of a complementary electrical component to which the cable 200 is mounted. For
gxample, in accordance with the itlustrated embodiment, the ground jacket 206 of cach of the
plurality of cables 200 can be placed into electrical communication with an electricaily
conductive ground plate 168 of the first electrical connector 100, as described in more detail
below. For instance, in accordance with certain embodiments, the ground jacket 206 can carry a
drain wire 207 (see Fig. 3) that, in turn, is connected to a ground contact 154 of the first electrical
connector 100. Each of the cables 200 can further include an outer layer 208 that is electrically
insulative and surrounds the respective ground jacket 206. Thus, each of the electrical cables
200 defines an outer electrically insulative layer that surrounds at least one or more up to all of
the signal conductors 202, the ground jacket 206, and the drain wire 207. Respective exposed
ends 214 of the conductors 202 can be exposed and configured to attach to respective mounting
ends of signal contacts, and a portion of the drain wires 207 can be exposed and configured to
attach to respective mounting ends of ground contacts. The exposed portions of the drain wires
207 can be recessed with respect to the exposed ends 214 of the conductors 202. The outer layer
208 can reduce the crosstalk imparted by the respective cable 200 to another one of the plurality
of cables 200. The insulative layer 204 and the outer layer 208 can be constructed of any
suitable dielectric material, such as plastic. The conductors 202 can be constructed of any
suitable electrically conductive material, such as copper.

[8048} With continuing reference to Fig. 1, the first electrical connector assembly 22
can be referred to as an electrical cable assembly, including the first electrical connector 100 that
can be referred to gs a cable connector configured to be mounted to the plurality of electrical
cables 200 so as to place the first electrical connector 100 in electrical communication with each
of the plurality of electrical cables 200. The first electrical connector 100 can include a dielectric
or electrically insulative connector housing 106 and a plurality of electrical contacts 150 that are
supported by the connector housing 106. The plurality of electrical contacts 150 can include a
plurality of signal contacts 152 and a plurality of ground contacts 154,

{8841} Referring also to Fig. 3, in accordance with one embodiment, the first electrical
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connector 100 can include a plurality of leadframe assemblies 130 that are supported by the
connector housing 106. Each of the leadframe assemblies 130 can include a dielectric or
electrically insulative leadframe housing 132 and respective ones of the plurality of the electrical
contacts 150 supported by the leadframe housing 132, Thus, it can be said that the electrical
contacts 150 are supported by both the respective leadtrame housing 132 and the connector
housing 106. For instance, a plurality of signal contacts 152 can be supported by the leadframe
housing 132 so as to define a leadframe 133.

10042} In accordance with the illustrated embodiment, the first electrical connector 100
is constructed as a vertical electrical connector. In particular, the connector housing 106 defines
a mating interface 102 that is configured to engage a complementary mating interface of the
second electrical connector 300 when the first and second electrical connectors 100 and 300 mate
with each other. The connector housing 106 further defines a mounting interface 104 that is
configured to engage the electrical cables 200 when the first electrical connector 100 is mounted
to the electrical cables 200. The mating interface 102 can be oriented parallel to the mounting
interface 104. Further, the electrical contacts 150 include electrical signal contacts 152 and
ground contacts 154, The electrical signal contacts 152 define respective mating ends 156 that
are configured to mate with complementary mating ends of electrical contacts of the second
electrical connector 300, and respective mounting ends 158 that are configured to be placed in
electrical communication with, for instance mounted to, respective ones of the conductors 202 of
the electrical cables 200. The mating ends 156 are oriented parallel to the mounting ends 138,
such that the electrical signal contacts 152 can be referred to as vertical contacts. Alternatively,
the first elecirical connector 100 can be configured as a right-angle electrical connector whereby
the mating interface 102 and the mounting interface 104 are oriented perpendicular with respect
to each other, and the mating ends 156 and the mounting ends 258 are oriented perpendicular to
gach other.

[6043] Each of the ground contacts 154 can define respective ground mating ends 172
that extend along or parallel to the mating interface 102, and ground mounting ends 174 that
extend along or paraliel to the mounting interface 104 and can be in electrical communication
with the ground mating ends 172. Thus, it can be said that the electrical contacts 150 can define
mating ends, which c¢an include the mating ends 156 of the electrical signal contacts 152 and the
ground mating ends 172, and the electrical contacts 130 can further define mounting ends, which
can include the mounting ends 158 of the electrical signal contacts 152 and the ground mounting
ends 174. Each ground contact 154, including the ground mating ends 172 and the ground
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mounting ends 174, can be defined by a ground plate 168 of the respective leadframe assembly
138, The ground plate 168 can be positioned adjacent 1o the leadframe housing 132. For
instance, the ground plate 168 can he supported by the leadframe housing 132, The ground plate
168 can be electrically conductive as desired, and can reduce crosstalk between the electrical
signal contacts 152 of adjacent leadframe assemblies 130, Thus, the ground plate 168 can be
said to define a crosstalk shield, Alternatively, the ground mating ends 172 and ground
mounting ends 174 can be defined by individual ground contacts as desired. Thus, reference
herein to one or more components of a ground contact can refer to components of one of the
ground plates 168, or can refer to components of individual ground contacts. Furthermore,
reference to a ground contact can refer to a ground plate 168 or an individual ground contact
having a single ground mating end 172 and a single ground mounting end 174, It should be
further appreciated that the mating ends 156 and the ground mating ends 172 can be configured
as receptacle contacts, The first electrical connector 100 can constructed in accordance with any
suitable embodiment as desired. For instance, the first electrical connector 100 can be
configured as described in U.S. Patent Application Serial No. 13/836,610 filed March 15, 2013,
the disclosure of which is hereby incorporated by reference as if set forth in its entirety herein.

[6844] As illustrated in Figs. 3 and 4A-48, the leadframe housing 132 can be
overmolded onto the respective ones of the electrical contacts 150, such as the signal contacts
152 so as to define an insert molded leadframe assembly (IMLA}. Alternatively, respective ones
of the electrical contacts 154, such as the signal contacts 152, can be stiiched into the leadframe
housing 132 or otherwise supported by the leadframe housing 132 as desired. Respective ones of
the plurality of electrical contacts 150 of each of the leadframe assemblies 130 can be arranged
along a column direction, which extends along a transverse direction T that is perpendicular to
the longitudinal direction L. Adjacent ones of the leadframe assemblies 130 can be spaced along
a row direction that is perpendicular to the column direction. For instance, the row direction can
extend along a lateral divection A that is perpendicular to both the longitudinal direction L and
the transverse direction T,

{0045] 'The electrical signal contacts 152 and ground contacts 154 can be arranged in
any manner as desired. For instance, adjacent signal contacts 152 can define differential signal
pairs 166 or single ended signal contacts as desired. One or more of the ground contacts 154 can
be disposed between adjacent pairs of differential signal pairs 166, For instance, when ground
plate 168 is supported by the leadframe housing 132, the signal contacts 152 and the ground
contacts 154 can be said to be supporied by the leadframe housing 132, When the electrical
7
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contacts 130 are supported by respective leadframe housings 132, adjacent signal contacts 152,

for tnstance along the column direction, can define differential signal pairs 166. The leadframe

assemblies 130 can include ground contacts 154 disposed between adjacent pairs of ditferential

signal pairs 166 along the column direction. When the first electrical connector 100 is mounted
to the elecirical cables 200, the signal contacts 152 are placed in electrical communication with

the conductors 202 as illustrated in Fig. 48, and the ground contacts 154 are placed in electrical
communication with the drain wire 207, as illustrated in Fig. 4C. Thus, the ground contacts 154
can further be placed in electrical communication with the ground jacket 206 .

{80461 Referring again to Figs. 3 and 4A-4B, each leadframe assembly 130 includes a
plurality of signal contacts 152 that ave supported by the leadframe housing 132 and a ground
contact 134 configured as the clectrically conductive ground plate 168. The signal contacis 152
can be overmolded by the diclectric leadframe housing 132 such that the leadframe assemblies
130 are configured as insert molded leadframe assemblies (IMLAs), or the signal contacts 152
can be stitched into or otherwise supported by the leadframe housing 132, The ground plate 168
can be attached to the dielectric leadframe housing 132 (see Fig. 4C). The signal contacts 152,
including the mating ends 156 and the mounting ends 158, of each leadframe assembly 130 are
spaced from each other along the column direction. The leadframe assemblies 130 can be spaced
along the lateral direction A in the connector housing 106.

[8347] The leadframe housing 132 includes a housing body 134 that defines a front
wall 136 that defines extends along the lateral direction A and defines opposed first and second
ends that are spaced apart from each other along the lateral direction A, The front wall 136 can
be configured to at least partially support the respective signal contacts 152 of the leadframe
assembly 130, For example, in accordance with the illustrated embodiment, the signal contacts
152 are supported by the front wall 136 such that the signal contacts 152 are disposed between
the first and second ends of the front wall 136. Furthermore, the front wall 136 is disposed
between the mating ends 156 and the mounting ends 158, The leadframe 133 can be configured
such that the plurality of mating ends 156 extend from the leadframe housing 132 along the
longitudinal direction L, and in the mating direction M.

[0048] The leadframe housing 132 can further define first and second attachment arm
138 and 140, respectively, that extend rearward from the front wall 136 along the longitudinal
direction L. The first and second attachment arm 138 and 140 can operate as attachment
locations for at least one or both of the ground plate 168 and an electrically conductive
termination housing 190, The leadframe housing 132 can alternatively or additionally include
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any suitable attachment locations as desired. The termination housing 190 can be a metal, and
die cast, in accordance with one embodiment, or made from any suitable alternative material, for
instance a lossy material that can be electrically conductive or nonconductive as desired, and
made from any suitable method as desired. The first attachment arm 138 can be disposed closer
to the first end of the front wall 136 than to the second end, for example substantially at the first
end. Similarly, the second attachment arm 1440 can be disposed closer to the second end of the
front wall 136 than to the first end, for example substantially at the second end.

{08491 Each cable 200 can define an end 212 that can be configured such that
respective portions of each of the signal carrying conductors 202 are exposed, the exposed
portion of each signal carrying conductor 202 defining a respective exposed signal conductor end
214, Respective portions of the insulative and outer layers 204 and 208, respectively, and the
ground jacket 206 of each cable 200 (see Fig. 2) can be removed from the respective signal
carrying conductors 202 at the end 212 so as to expose the signal conductors ends 214. The
respective portions of the insulative and outer layers 204 and 208, respactively, and the ground
jacket 206 of each cable 200 can be removed such that each signal conductor end 214 extends
outward from the insulative and outer layers 204 and 208, respectively, and the ground jacket
206 along the longitudinal direction L. Alternatively, the plurality of cables 200 can be
manufactured such that the respective signal carrying conductors 202 extend longitudinally
outward from the insulative and outer layers 204 and 208, respectively, and the ground jacket
206 at the end 212 of each cable 200, s0 as to expose the conductor ends 214, Additionally, a
portion of the outer layer 208 rearward of the conductor end 216 of each cable 200 can be
removed, thereby defining a respective exposed portion 209 of the drain wire 207 of each cable
200, Alternatively, the plurality of cables 200 can be manufactured with at least a portion of the
outer layer 208 removed so as to define the exposed portions 209 of the drain wires 207.

[0858]  As illustrated in Fig. 4B, the clectrical connector 100 is configured to receive at
feast one electrical cable 200 such that signal conductors 202 of the electrical cable 200 are
attached to one of the signal contacts 152, for instance {o the mounting end 158. The drain wire
207 of the clectrical cable 200 is mechanically attached to the ground plate 168 as ilustrated in
Fig. 4C. For instance, gach of the electrical cables 200 can have an end 212 that defines an
exposed end 214 of the conductors 202 that is configured to be mounted or otherwise attached to
the signal contacts 152, and thus to the leadframe 133, The drain wires 207 can have an exposed

portion 209 that is configured to be mounted or otherwise attached to the ground contact 154,
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and in particular the ground plate 168, so as to place the ground jacket 206 in electrical
communication with the ground plate 1638,

{6851] Referring again to Figs. 1-4B, the signal contacts 152 define respective mating
ends 156 that are arranged along, and are thus parallel with, the mating interface 102, and
mounting ends 158 that are arranged along, and are thus parallel with, the mounting interface
104. The mating end 156 of each signal contact 152 can be construcied 4s a recepiacie mating
end that defines a curved tip 164. The signal contacts 152 can be arranged in pairs 166, which
can define edge-coupled differential signal pairs. Any suitable dielectric material, such as air or
plastic, may be used to isolate the signal contacts 152 from one another. The mounting ends 158
can be provided as cable conductor mounting ends, each mounting end 158 configured to be
placed in electrical communication with a signal conductor end 214 of a respective one of the
plurality of cables 206,

{60852} Referring now to Figs. 3 and 4C in particular, the ground plate 168 includes the
electrically conductive plate body 170. The plate body 170 can be a metallic plate body. The
plate body 170 can be substantially planar as illustrated, or can define any suitable shape and size
as desired. The ground plate 168 can be configured such that the plurality of ground mating ends
172 extend from the plate body 170, for instance forward from the plate body 170 along the
fongitudinal direction L, and in the mating direction M. The ground mating ends 172 can be
monolithic with the plate body 170 as illustrated. The ground mounting ends 174 can be defined
by the ground plate body 170, and thus can be continuous with each other along the transverse
direction T. As described above, the ground plate 168 can be said to define a crosstalk shield,
such that the plate body 170 can define a metallic shield body. The ground mating ends 172 are
aligned along the transverse direction T. Fach ground mating end 172 can be constructed as a
receptacle ground mating end that defines a curved tip 180, The plate body 170 defines a first
plate body surface that can define and inner surface 170a and an opposed second plate body
surface that can define a second or outer surface 170b of the body of the ground plate 168. The
outer surface 170b is spaced from the inner surface 170a, along the lateral direction A. The inner
surface 170a faces the plurality of cables 200 when the ground plate 168 is attached to the
leadframe housing 132. The ground plate 168 can further include opposed first and second side
walls that are spaced apart from each other along the transverse direction T such that the
leadframe housing 132 can be received between the first and second side walls in an interference
fit, for example by pressing the leadframe housing 132 toward the ground plate 168 such that the
leadframe housing 132 snaps into place between the first and second side walls. Each of the first

- 10 -
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and second side walls can include a wing that extends outwardly from the ground plate body 170
along the transverse direction T, the wings configured to be supported by the connector housing
106 when the leadtrame assembly 130 is inserted into and mounted to the connector housing
106. The ground plate 168 can be formed from any suitable electrically conductive material.
For instance, the ground plate 168 can be formed from a metal.

{08353] Because the mating ends 156 ofthe signal contacts 152 and the ground mating
ends 172 of the ground plate 168 are provided as receptacle mating ends and receptacie ground
mating ends, respectively, the first electrical connector 100 can be referred 1o as a recepiacle
connector as illustrated. In accordance with the illustrated embodiment, each ground plate 168
can define a plurality of signal pairs 166, which can define differential signal pairs, and an extra
single signal contact 142 reserved. For instance, the ground plate 168 can define five ground
mating ends 172 and nine signal contacts 152. The nine signal contacts 152 can include four
pairs 166 of signal contacts 152 configured as edge-coupled ditferential signal pairs, with the
ninth signal contact 152 reserved. The ground mating ends 172 and the mating ends 156 of the
signal contacts 152 of each leadframe assembly 130 can be arranged in a column that extends
along the column direction. Thus, the ground mating ends 172 are aligned with the mating ends
136 of the signal contacts 152 when the ground plate 168 is positioned adjacent to the leadframe
housing 132. in accordance with one embodiment, the ground mating ends 172 are aligned with
the mating ends 1356 of the signal contacts 152 when the ground plate 168 is supported by the
feadframe housing 132, The differential signal pairs 166 can be disposed between successive
ground mating ends 172, and the extra ninth signal contact 152 can be disposed adjacent one of
the ground mating ends 172 at the end of the column.

{80541 Each of the plurality of leadframe assemblics 130 can include a plurality of first
leadframe assemblies 130 provided in accordance with a first configuration and a plurality of
second leadframe assemblies 130 provided in accordance with a second configuration. The
termination housing 190 or other component of the leadframe assembly 130 can include a first
indicator, such as an “A” to identify one of the first plurality of leadframe assemblies 130, and a
second indicator such as a “B” to identify one of the second plurality of leadframe assemblies
130, In accordance with the first configuration, the extra signal contact 152 of the {first leadframe
assembly 130 is disposed at an upper end of the column of electrical contacts 150, In accordance
with the second configuration, the extra signal contact 152 of the second leadframe assembly 130
is disposed at a lower end of the colamn of electrical contacts 150, It should be appreciated that
the respective leadframe housings 132 of the first and second leadframe assemblies 130 can be
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constructed substantially similarly but with structural differences accounting for the respective
configurations of elecirical contacts 15 within the first and second leadframe assemblies 130
and for the configurations of the respective ground plates 168, It should further be appreciated
the illustrated ground plate 168 is configured for use with the first fcadframe assembly 130, and
that the ground plate 168 configured for use with the second leadframe assembly 138 may define
the ground mating ends 172 at locations along the plate body 170 that are different from those of
the ground plate 168 configured for use with the first leadframe assembly 136,

{B035] With continuing reference to Figs. 3 and 4C, the ground plate 168 includes the
metallic plate body 170 and a plurality of drain wire connection tabs 110 that project out from
the plate body 170, for instance at the ground mounting end 174, The drain wire connection tabs
110 are configured {o attach to respective ones of the exposed portions of the drain wires 207,
such that the plate body 170 places the attached drain wires 207 in electrical communication with
each other. The first electrical connector 100 is configured to receive the elecirical cables 200
such that signal conductors 202 of the electrical cable are attached to the signal contacts 152 and
the drain wires 207 are mechanically attached to respective ones of the drain wire connection tab
110. The drain wire connection tab 110 includes a tab body 112 having a proximal end 112a that
is attached to the plate body 170 and a free distal end 112b opposite the proximal end 112a, the
free distal end 112b spaced from the proximal end 112a, for instance along the lateral direction
A. The drain wire connection tabs 11{ can be configured as a crimp member that is movable
with respect {o the plate body 170 such that the free distal end 112b moves toward the plate body
170, thereby capturing the exposed portion 209 of the drain wire 207 in electrical communication
with the ground plate 168, For instance, the tab body 112 can be placed adjacent the tab body
112, and the tab body 112 can be bent toward the plate body 170 so as to capture the exposed
portion 209 of the drain wire between the tab body 112 and the plate body 170, Alternatively,
the tab body 112 can be crimped about the drain wire 207. Alternatively still, the exposed
portions 209 of the drain wires 207 can be attached, for instance soldered or welded, to the drain
wire connection tab 110 so as to place the drain wires 207 in electrical connection with the
ground plate 168 and each other.

[6056] The drain wire connection tab 110 can be cut out from the plate body 170 s0 as
to define an aperture 116 that extends through the plate body 170. The drain wire connection {ab
110 can then be bent so as o project out from the plate body 170 such that the drain wire
connection tab 110 defines the proximal end 1123 and the free distal end 112b. The drain wire
connection tab 110 can be attached fo the plate hody 170 at an interface 114, The interface 114
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can be elongate along the mating direction M, and thus substantially parallel to the ground
mating ends 172.

{0637] Referring now also to Fig. 4D, the leadframe assembly 130, and thus the
electrical connector 100, can further include the termination housing 190 that is configured to
secure to the leadframe housing 132 so as to capture the exposed portions of the outer insulative
tayer of the electrical cables 200 between the ground plate 168 and the termination housing 190,
The termination housing 190 can further be configured to isolate each of the electrical cables 200
from the others of the electrical cables 200, The termination housing 190 can be electrically
conductive, and includes an electrically conductive body 192 that can be configured to attach to
the ground plate 168. In accordance with one embodiment, the electrically conductive body 192
is metallic. The termination housing 190 can cover at least a portion of a first side of the
leadframe assembly 130 such that the signal contacts 152 are disposed between the ground plate
168 and the termination housing 190. The termination housing 190 can further include a second
portion that covers at least a portion of a second side of the leadframe assembly 130 that is
opposite the first side. The first and second portions of the termination housing 190 can be
attached fo cach other 50 as to capture the ground plate 168 between the first and second
portions. For instance, the first and second portions of the termination housing 190 can be
welded, soldered, clipped, or otherwise attached to each other. The signal conductors 202 attach
to the mounting ends 158 at a location, and the termination housing 190 can cover and
substantially encapsulate the location. For instance, the exposed portions of the signal
conductors 202 can be soldered, welded, or otherwise attached to respective ones of the
mounting ends 158 in any manner as desived. In accordance with one embodiment, the
termination housing 190 can secure the ground plate 168 to the leadfrarne housing 132.

[0058] With continuing reference to Figs. 3 and 4E, the leadframe assembly 130, and
thus the electrical connector 100, further includes a dielectric or electrically insulative strain
relief housing 120 that encapsulates at least a connection location between the drain wire 207
and drain wire connection tab 110, For instance, the strain relief housing 120 can encapsulate
the exposed portion of the drain wire and an entirety of the ground plate 168 that extends out
from the termination housing 190. Thus, the strain relief housing 120 further encapsulates the
drain wire connection tabs 110, Further, the strain relief housing 120 can surround at least a
length of the outer electrically insulative layer of the electrical cables 200. o accordance with
one embodiment, the strain relief housing 120 is overmolded onto the cables 200, the exposed
portions 209 of the drain wires 207, the drain wire connection tabs 118, and the ground mounting

- 13-



WO 2015/061390 PCT/US2014/061681

end 174, Accordingly, a tensile load applied to the electrical cables 204, and in particular to the
outer insulative layer, at a location outside the strain relief housing 120 will be absorbed by the
strain relief housing 120, and will not be transferred to the attachment locations of either the
drain wires 107 and the ground plate 168, or the signal conductors 202 and the signal contacts
152.

{00591 Referring now to Fig. 3A, it should be appreciated that the drain wire
connection tabs 110 can be constructed in accordance with any alternative embodiment suitable
to facilitaie attachment of the drain wires 207 to the ground plate 168. For instance, the tab body
112 can include a pair of uprights 113 that extend out from the plate body 170, and a crosshar
115 that extends between the uprights 113, from one of the uprights to the other of the uprights at
a location spaced from the plate body 170. Thus, the crossbar 115 can define the free distal end
112b. The crossbar 115 can extend substantially paraliel to the plate body 170, or in any other
direction as desired. Thus, the interface 114 can be elongate between the uprights 113, and thus
along a direction that is angularly offset with respect to the mating direction M. For instance, the
interface 114 can be elongate along a direction that is perpendicular fo the mating direction M.
Further, the drain wire connection tab 110 illustrated in Fig. SA defines an opening 117 that
extends through the tab body 112, For instance, the opening 117 can be defined between the
uprights 113, and further between the crossbar 115 and the plate body 170. The opening 117 can
be sized to receive the exposed portion 209 of the drain wire 207, such that the tab body 112 can
be bent toward the plate body 170 so as to capture the exposed portion 209 of the drain wire
between the tab body 112 and the plate body 170. Alternatively, the tab body 112 can be
crimped about the drain wire 207, Alternatively still, the drain wire 207 can extend through the
opening 117 and can contact the drain wire connection tab 110 without bending the tab 110 with
respect to the plate body 170. For instance, the drain wire 207 can be bent as it extends through
the opening so as to maintain contact with the drain wire connection tab 110. Thus, the strain
relief housing 120 can be overmolded onto both the drain wire connection tabs 110 and the
exposed portions 209 of the drain wires 207, thereby securing the drain wires 207 in contact with
the respective drain wire connection tabs 110 either with or without first crimping the drain wire
connection tabs 110 about the drain wires 207, or first bending the drain wire connection tabs
110 so as to capture the drain wires 207 between the drain wire connection tabs 110 and the plate
body 170,

[0060] Because the drain wire connection tab 110 can be cut, for instance punched or
stamped, from the plate body 170, the ground plate 168 can define an aperture 116 that exiends
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through the plate body 170. The aperture 116 can be sized and shaped substantially equal to the
size and shape of the drain wirc connection tab 110, or the aperture 116 can be expanded by
removing additional material from the plate body 170. In accordance with one embodiment, the
plate body 170 can define a projection 119 that at least partially defines the aperture 116 and can
be equal in size and shape to the opening 117 that extends through the tab body 112, Thus, if it
is desired to attach the exposed portion 209 of the drain wire 207 directly to the plate body 170,
the exposed portion 209 can be attached (for instance, soldered, welded, or the like) to the
projection 119. If it is desired to attach the drain wire 207 directly to the plate body 170, the
drain wire connection tab can be removed.

{0061} Referring now to Fig. 5B, and as described above, the ground contacts 154 can
be discrete ground contacts that are separate from cach other, and include a ground contact body
that defines their own ground mating end 172 and ground mounting end 174. Thus, the ground
contacts 154 can be non-monolithic with respect to each other, and the ground mounting ends

74 can be spaced from each other along the transverse direction T. The ground contacts 154
and the signal contacts 152 can be supported by the leadframe housing 132, The ground contacts
154 and the signal contacts 152 can, for instance, be overmolded by the leadframe housing 132.
Thus, the leadframe assembly 130 can include the leadframe housing 132, and the signal contacts
152 and ground contacts 154 that are all supported by the leadframe housing 132. The signal
contacts 152 and ground contacts 154 can be overmolded by the leadframe housing 132 such that
the leadframe is an insert molded {eadframe, and the leadframe assembly 130 is an insert molded
leadframec assembly. The exposed portions 209 of the drain wires 207 can be attached, for
instance soldered , welded, or otherwise attached, to the mounting ends 174, The ground plate
168 can be supported adjacent the lcadframe assembly 130, and in particular adjacent the
leadframe housing 132. For instance, the ground plate 168 can be attached to the leadframe
housing 132, When the ground plate 168 is supported adjacent, or attached to, the leadframe
housing 132, the ground contacts 154 are placed in electrical contact with the ground plate 168,
while the signal contacts 152 are spaced from the ground plate 168. For instance, each of the
ground contacts 154 can include contact tabs 175 that project out from the ground contact body
toward the ground plate 168 so as to make contact with the ground plate 168 when the ground
plate 168 is supported adjacent the leadframe housing 132, Thus, the contact tabs 175 make
contact with the ground plate 168 when the ground plate 168 is attached to the lead{rame housing
132. Because the contact tabs 175 contact the ground plate 168, the ground contacts 154 are
placed in electrical contact with the ground plate 168 and cach other.

- 15 -



WO 2015/061390 PCT/US2014/061681

[B862] The contact tabs 175 can be cut, for instance punched or stamped, from the
ground contact body, for instance at a location proximate to the mounting end 174. Thus, the
ground contacts 154 can define an opening that extends through the ground contact body that
defines a location of the ground contaect body from which the contact tabs 175 were cut. The
exposed portions 209 of the drain wires 207 can be attached to the mounting ends at a location
that is spaced from the openings in a direction opposite the mating direction. As illustrated in
Figs. 3 and 4D, the termination housing 190 is configured to secure to the leadframe housing 132
s as to capture the exposed portions of the outer insulative layer of the electrical cables 200, and
in particular the conductors 202 and the drain wires 207, between the ground plate 168 and the
termination housing 190, The termination housing 199 can further be configured to isolate each
of the electrical cables 200 from the others of the electrical cables 200. The termination housing
190 can be electrically conductive, and includes an electrically conductive body 192 that can be
configured to attach to the ground plate 168, In accordance with one embodiment, the
electrically conductive body 192 is metallic. The clectrically conductive body 192 can
aliernatively be made from a conductive lossy material. Alternatively, the body 192 of the
termination housing can be made from a nonconductive material, such as a nonconductive
plastic. The termination housing 190 can cover at least a portion of a first side of the leadframe
assembly 130, such that the signal contacts 152 and ground contacts are disposed between the
ground plate 168 and the termination housing 190, The termination housing 190 can further
include a second portion that covers at least a portion of a second side of the leadframe assembly
134, and in particular the ground plate 168, that is opposite the first side, in the manner described
above with respect to Figs. 3 and 4D,

{0063} Referring now to Figs. 6A-6E, the leadframe assembly 130 can be constructed
substantially as described above with respect to Figs. 4A-E. The leadframe housing 132 can
include a protective shroud 135 that surrounds the signal contacts 152 when the signal contacts
152 are supported by the leadframe housing 132, and further surrounds the ground mating end
172 when the ground plate 168 is supported by the leadframe 133, The shroud 135 can be
removed from the housing body 134 prior to placing the electrical connector 100 in use. Further,
as illustrated in Figs. 6C-6E, the exposed portions 209 of the drain wires 207 can exiend through
respective ones of the openings 117 so as to make contact with the respective drain wire
connection tabs 110, and thus be placed in clecirical communication with the ground plate 168
and each other. In accordance with the illustrated embodiment, the drain wire connection tab can
be devoid of the crossbar 115 of Fig. SA, so that the drain wires 207 can be inserted into the
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respective openings 117 between the uprights 113 along a direction toward the ground plate 50 as
to contact the uprights 113, For instance, the uprights 113 can be spaced from each other a
distance substantially equal to or slightly less than a cross-sectional dimension of the respective
drain wire 207. Thus, the strain relief housing 120 can be overmolded onto both the drain wire
connection tabs 110 and the exposed portions 209 of the drain wires 207, thereby securing the
drain wires 207 in contact with the respective drain wire connection tabs 110 without first
crimping the drain wire connection tabs 110 about the drain wires 207, or first bending the drain
wire connection tabs 110 so as to capiure the drain wires 207 between the drain wire connection
tabs 110 and the plate body 170. In accordance with another embodiment, each of the drain wire
connection tabs 110 can further include an anti-backout tab that projects into the opening t17
and is angled forward along the mating direction as it extends into the opening. Thus, the anti-
backout tab can be angled so as 1o allow the exposed portion 209 of the drain wire 207 to be
inserted through the opening 117 along the mating direction, and prevent the drain wire 207 from
being removed from the opening 117 in a direction opposite the mating direction. In particular,
the anti-backout tab can bite into the drain wire 207 when a tensile force is applied to the drain
wire 207 in the direction that is opposite the mating direction.

[0864] As illustrated in Fig. {, the electrical connector system 20 is illustrated in
accordance with one embodiment whereby the first and second electrical connectors 100 and 300
are configured to mate with each other in a shroud that extends through a panel. The second
electrical connector 300 can be configured as a right angle connector so as to place the respective
substrate in electrical connection with the cables 200. The first electrical connector 140 can
include one or more guidance member, including an asymumetric guidance member that projects
from the connecior housing 106 along the mating direction. The guidance member can be
rotated along an axis that extends along the longitudinal direction so as to position the
asymmetric guidance member in one of a number of orientations in order to mate the first
electrical connector with the second electrical connector 300.

[8665] The second electrical connector 300 can include a first dielectric or electrically
insulative connector housing 302 and at least one electrical contact 304 such as a plurality of first
electrical contacts 304 that are supported by the connector housing 302. In accordance with one
embodiment, the second electrical connector 300 can include a plurality of leadframe assemblies
that are supported by the connector housing 302. Each of the leadframe assemblies can include a
dielectric or electrically insulative leadframe housing and respective ones of the plurality of the
electrical contacts 304 supported by the leadframe housing. Thus, it can be said that the
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electrical contacts 304 are supported by both the respective leadframe housing and the connector
housing 302. For instance, the leadframe housing can be overmolded onto the respective ones of
the electrical contacts 304 so as to define an insert molded leadframe assembly (IMLA), or the
electrical contacts 304 can be stiiched into the leadframe housing or otherwise supported by the
leadframe housing. The respective ones of the plurality of electrical contacts 304 of each of the
leadframe assembilies can be arranged along a cohumn direction, which extends along a
transverse direction T that is perpendicular to the longitudinal divection L. Adjacent ones of the
leadframe assernblies can be spaced along a row direction that is perpendicular to the column
direction. For instance, the row direction can extend along a lateral direction A that is
perpendicular to both the longitudinal direction L and the transverse direction T.

[0066] In accordance with the illustrated embodiment, the second electrical connector
300 is constructed as a vertical electrical connector. fu particular, the connector housing 302
defines a mating interface 306 that is configured to engage a complementary mating interface of
the first elecirical connector 100 when the first and second electrical connectors 100 and 300
maie with each other. The connector housing 302 further defines a mounting interface that is
configured to engage the substrate 400 when the second electrical conuector 360 is mounted to
the substrate 400. Further, the electrical contacts 304 define respective mating ends that are
configured to mate with complementary mating ends of electrical contacts of the first electrical
connector 10, and respective mounting ends that are configured to be mounted to the substrate
400. The mating ends of the electrical contacts 304 are oriented parallel to the mounting ends,
such that the electrical contacts 304 can be referred to as vertical electrical contacts.
Alternatively, the second electrical connector 300 can be configured as a right-angle electrical
connector whereby the mating interface 306 and the mounting interface of the connector housing
302 are oriented perpendicular with respect to each other, and the mating ends and the mounting
ends of the electrical contacts 304 are oriented perpendicular to each other. It should be further
appreciated that the mating ends of the electrical contacts 304 can be configured as receptacie
contacts.

{6067} The second clectrical connector 300 can constructed in accordance with any
suitable embodiment as desired. For instance, the second electrical connector can be construcied
as described in U.S. Patent Application Serial No. 13/836,610 filed March 15, 2013, the
disclosure of which is hereby incorporated by reference as if set forth in its entirety herein. For
instance, the electrical contacts 304 can include a plurality of signal contacts and ground contacts
arranged in any manner as desired. For instance, adjacent signal contacts can define differential
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signal pairs or single ended signal contacts as desired. For instance, each of the ground contacts
of the sccond electrical connector 300 can define respective ground mating ends and ground
mounting ends in electrical communication with the ground mating ends. Furthermore, each of
the signal contacts of the second electrical connector 300 can define respective mating ends and
mounting ends in electrical communication with the mating ends. Thus, it can be satd that the
mating ends of the electrical contacts 150 can define mating ends, which can include the mating
ends of the electrical signal contacts and the ground mating ends, and the electrical contacts 1330
can further define mounting ends, which can include the mounting ends of the electrical signal
contacts and the ground mounting ends. Because the mating ends of the signal contacts and the
ground mating ends of the ground plate are provided as receptacle mating ends and receptacle
ground mating ends, respectively, the second electrical connector 300 can be referred to as a
receptacie connector. Each ground contact, including the ground mating ends and the ground
mounting ends, can be defined by a ground plate of the respective leadframe assembly. The
ground plate can be electrically conductive as desired. Alternatively, the ground mating ends
and ground mounting ends can be defined by individual ground contacts as desired, and the
ground plate can be devoid of ground mating ends and ground mounting ends. Thus, reference
herein to one or more components of a ground contact can refer to components of one of the
ground plates, or can refer to components of individual ground contacts. Furthermore, reference
to a ground contact can refer 1o a ground plate or an individual ground contact having a single
ground mating end and a single ground mounting end.

[6668] One or more ground contacts can be disposed between adjacent pairs of
differential signal pairs. For instance, when the electrical contacts 304 are supported by
respective leadframe housings, adjacent signal contacts, for instance along the column direction,
can define differential signal pairs. The leadframe assemblies can include ground contacts
disposed between adjacent pairs of differential signal pairs along the column direction. When
the second electrical connector 300 ts mounted to the substrate 400 along a mounting direction,
the electrical contacts 304 are placed in electrical communication with electrical traces of the
first substrate 400,

{0069] Referring now to Figs., 7A-7C and 8F, the present disclosure recognizes that
conventional cable bundles 199 include a plurality of electrical cables bundled in an outer sheath
201 that contains a respective one of the bundles 119 of elecirical cables. The cables of the cable
bundle 199 are configured to be attached to an electrical connector 205 in any manner as desired.
The electrical connector 205 can be mounted onto a panel 203, such that the cable bundie 199
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extends out from the panel 203. Cable bundles 199 typically have a height H and a width W that
is perpendicular to the height and substantially equal to the height. For instance, when the
electrical connector 2035 is attached to the cable bundle 199 and mounted to the panel 203, it is
often desired to bend the cable bundles 199 so as to route them to a desired location. However, it
has been found that the height H causes the cable bundles 199 to define a large bend radius R,
which causes the cable bundles 199 to extend out from the panel 203 a distance that can either
occupy valuable real estate in the cabinet, or can be greater than the permissible distance inside
the cabinet, particularly when the cable bundles 199 are stacked on top of each other. As
illustrated, the width W extends along a direction that is parallel to the face of the panel 203, and
the height is perpendicular to the width W. At certain locations along the length of the cable
bundle 199, the height can extend along a direction that intersects the panel 203, for instance
substantially perpendicular to the face of the panel 203,

[B878] As illustrated in Figs. 8A-E and 8G, a cable assembly 500 constructed in
accordance with one embodiment can include a cable bundle 502 that includes a plurality of
clectrical cables 200 (sce Fig. 1) and an outer sheath 506 that surrounds the electrical cables 200.
The electrical cables 200 can be attached to an electrical connector in any manner as desired, for
instance as described above with respect to the first electrical connector 106, The conventional
cable bundle 199 (see Fig. 7C) can define a height H1 that has been measured to be 23mm. The
cable assembly 500 can include a cable clip 508 that includes a clip body 510 and an opening
512 that extends through the clip body 510. The opening 512 can have any size and shape as
desired, and in accordance with the illustrated embodiment defines a height H2 that is less than
the height H1 of the conventional cable bundle 199. For instance, the height H2 can be
approximately 10mm, though it should be appreciated that the height H2 can be any distance as
desired, depending for instance on the number of electrical cables of the cable bundle 502. Itis
recognized that by decreasing the height of the cable bundle 502 with respect to the prior art, the
bend radius of the cable bundle 502 is reduced with respect to the bend radius of the
conventional cable bundle 199, and that the bending force that causes the cable bundle 502 to
bend along the bend radius is also reduced. Accordingly, a plurality of cable bundles 502 can be
stacked on top of each other within the space permitted by the cabinet. For instance, the cable
clips 508 of adjacent cable assemblies 500 can be stacked onto each other,

[6871] The cable bundles 502 can define a height H3 at locations spaced from the cable
clip 508. The height H3 is greater than the height H2 in the opening 512 of the cable clip 508,
and can be substantially equal to the height H1 of the conventional cable bundle 199. However,
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because the cable clip 508 can be located at the bend radius, the reduced height H2 provides fora
reduced bend radius with respect to the prior art, and reduced bending force. It should be
appreciated that because the height H2 increases gradually to the increased height H3 at locations
increasingly away from the cable clip 508, the bend radius can intersect the cable clip 508, or the
cable clip 508 can be disposed adjacent, and thus spaced from, the bend radius. Thus? the height
of the opening can be defined along the bend radius, or can be coplanar with the bend radius.

{0872} It is recognized that the cable clip 508 applies a compressive force to the cable
bundle 502 that decreases the height, and accordingly causes the cables 200 of the cable bundle
502 to fan or spread out along the width, thereby increasing the width W2 to a width greater than
the width W1 of the conventional cable bundie 199, shown in Fig. 8F. However, the increased
width W2 is measured along a direction that is substantially perpendicular to the bend radius.
The cable bundles 502 can define a width W3 at locations spaced from the cable clip 508. The
width W3 is less than the width W2 at the opening 512 cable clip 508, and can be substantially
equal to the width W1 of the conventional cable bundle 199, Fig. 8D and 8G illustrate the
dimensions of the cables 200 with the outer sheath 506 removed to iHlustrate the compression of
the cables 200 along the height and expansion of the cables 200 along the width when the cable
clip 508 is attached. It should be appreciated that because the cable clip 508 surrounds the outer
sheath 506 of the cable bundle 502, the cable clip 508 further surrounds the individual cables 200
as well. Alternatively, the cable bundie 502 can be devoid of the outer sheath 506, and the cable
clip 508 can surround the individual cables 200 directly.

[6673] Thus, a method can be provided for managing a plurality of electrical cables
200. The method can include the steps of attaching the plurality of electrical cables 200 to the
electrical connector 100 (see Fig. 1), such that the electrical cables 200 extend out from the
electrical connector 100. The method can further include the step of securing the cable clip 508
onto the plurality of electrical cables 200 such that the electrical cables 200 extend through the
opening 512 of the cable clip 508. The opening has a height and a width that is perpendicular to
the height and greater than the height. The method can further include the step of bending the
electrical cables about a bend radius that is substantially coplanar with the height. For instance,
the bend radius can be substantially parallel to the height, and can define the height in
accordance with certain embodiments. Thus, the height can be measured along the bend radius.
The securing step can include the step of causing the cables 200 to expand away from each other
along the width and to compress against each other along the height. The securing step can be
performed before or afer the attaching step. As will be described below with respect to Figs.
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FOA-10E, the bending step can further include directing the cables 200 along a cable guide 530
that defines the bend radius. The cable guide 530 can define a guide body 532 and the cable clip
508 that is supported by the guide body 532.

{8074} The method can further include the step of 1) attaching a second plurality of
glectrical cables to a second electrical connector, such that the second plurality of electrical
cables extend out from the second elecirical connector, 2) securing a second cable clip onto the
second plurality of electrical cables such that the second plurality of electrical cables extend
through a second opening of the second cable elip, the second opening having a heightand a
width that is perpendicular to the height and greater than the height, 3) bending the second
plurality of electrical cables about a second bend radius that is substantially coplanar with the
height of the second opening, and 4) stacking the cable clips onto each other along a direction
that defines the respective heights,

[B8675] Referring now to Figs. 8A-9B, the cable clip 508 includes the clip body 510 and
the opening 512 that extends through the clip body 510. The opening 512 has a height that is
less than the height of the plurality of electrical cables 200, for instance of the bundle 502 of
electrical cables 200, and a width greater than the width of the plurality of electrical cables 200,
for instance of the bundle 302 of electrical cables 200. The opening 512 can be sized such that
when the plurality of electrical cables 200 extends through the opening 512, the height of the
elecirical cables 200 is decreased to the height of the opening 512, and the width of the plurality
of electrical cables 200 is increased to the width of the opening 512, A cable assembly can
include the cable clip 508 and the plurality of electrical cables 200, The width W2 of the
opening 512 is greater than the height H2 of the opening, and can be less than any multiple of the
height H2 of the opening 512, for instance less than five times the height H2 of the opening 512.
In accordance with one embodiment, the width W2 can be greater than three times the height H2
of the opening 512 and less than four times the height H2 of the opening 512. For instance, the
width can be approximately 37 mum and the height can be approximately 10 mm.

{0876] The cable clip can include 508 a first component 514 defining a first portion
512a of the opening 512, and a second component 516 that defines a second portion 512b of the
opening 312, The first and second components 514 and 516 are configured to be attached to
cach other about the plurality of electrical cables 200, for instance the cable bundle 502, to define
the opening 512 such that the plurality of electrical cables 200 extends through the opening 512,
The first and second components 514 and 516 can be hermaphroditic with each other. For
instance, each of the first and second components 514 and 516 includes a body 518, and a pair of
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fegs 520 that extend out from the body 518. Each body 518 of the first and second components
514 and 516 can define a pair of recesses 522 that are sized to receive protrusions 524 of each of
the pair of legs 520 of the other of the first and second components 514 and 516, thereby
attaching the first and second components 514 and 516 to each other. It should be appreciated,
of course, that the first and second components 514 and 516 can be attached to each other in
accordance with any embodiment as desired. The first and second components 514 and 316,
including the respective body 518 and legs 520, define respective inner surfaces 521 that, in
combination, define the opening 512 of the cable clip 508 when the first and second components
514 and 516 are attached to each other. .

{077] Referring now also to Figs. 10A-10E, the cable assembly can further include a
cable guide 530 that includes a guide body 532 and the cable clip 508 that is supported by the
guide body 532. For instance, at least one of the first and second components, such as the first
component 514, can be monolithic with the guide body 532. The guide body 532 defines a guide
surface 534 that can be curved. For instance, the guide surface 534 can be convex. The guide
surface 534 can define a bend radius R. Alternatively, the guide surface 534 can define any
sized and shaped curvature as desired. The opening 512 of the cable clip 508 can be operatively
aligned with the guide surface 534 such that when the plurality of cables extends along the guide
surface 534, the plurality of cables further extends through the opening 512, The guide surface
534 can include a base 535a and a pair of side walls 535b that extend out from the base, such that
the supported plurality of cables 200 are disposed between the side walls. Accordingly, the base
5333 and the side walls 535b can cooperate to define the guide surface 534. The bundie 502 of
electrical cables 200 can be supported by the base $35a at a location between the side walls
$35b, s0 as to extend through the opening 512, The cable guide 530 can further include a slot
538 that extends into an outer surface of the guide body 532 that is opposite the guide surface
534. The siot 538 can be defined by both the base 535a and each of the pair of side walls 533b.
The slot 538 can extend into the outer surface toward the guide surface 534, but can terminate
prior to reaching the guide surface 534, The cable assembly can further include a band 541 that
is configured to extend about the cable guide 530 in the slot 538 further extend about and the
plurality of cables 200 so as to secure the plurality of cables 200 to the cable guide 330, The
band 541 can include any suitable mounting apparatus 543 that is configured to be mounted onto
the panel. In accordance with the ilfustrated embodient, the guide surface 534 defines a first
end 534a and a second end 534b that is opposite the first end 334a. The guide surface 334 can
be configured such that the first end 534a is oriented perpendicular to the second end 534b. The
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cable clip 508 can be supported by the guide body 532 at the second end 534b of the guide
surface 534, The cable guide 530 is configured to be supported adjacent to the electrical
connector 100 at a location proximate to the first end 534a of the guide surface 534

[0078] The foregoing description is provided for the purpose of explanation and is not
to be construed as limiting the invention. While various embodiments have been described with
reference o preferred embodiments or preferred rethods, 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 embodimenis have been described hergin with reference to particular
structure, methods, and embodiments, the invention is not intended o be limited to the
particulars disclosed herein. For instance, it should be appreciated that structure and methods
described in association with one embodiment are equally applicable to all other embodiments
described herein 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 spirit and scope of the

invention, for instance as st forth by the appended claims.
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What is Claimed:

1. An glectrical connector comprising:

an electrically insulative connector housing; and

a leadframe supporied by the connector housing, the leadframe including an electrically
insulative leadframe housing and a plurality of electrical signal contacts supported by the
leadframe housing; and

an electrically conductive ground plate positioned adjacent to the leadframe housing, the
ground plate including an electrically conductive plate body and a drain wire connection tab that
projects out from the plate body;

wherein the electrical connector is configured to receive at least one electrical cable such
that at least ong signal conductor of the electrical cable is attached to a corresponding at least one
of the signal contacts, and a drain wire of the electrical cable is mechanically attached to the
drain wire connection tab, thereby placing the drain wire in electrical communication with the

ground plate.

2. The electrical connector as recited in claim 1, wherein the plate body is substantially
planar.
3. The electrical connector as recited in any one of the preceding claims, wherein the

ground plate further comprises a plurality of ground mating ends that extend from the plate body.

4. The electrical connector as recited in claim 3, wherein the ground plate further comprises

a plurality of ground mating ends are monolithic with the plate body.

3. The electrical connector as recited in any one of the preceding claims, wherein the

ground plate is supported by the leadframe housing.

6. The electrical connector as recited in any one of the preceding claims, wherein the drain
wire connection tab defines a tab body having a proximal end that is attached to the ground plate

and a free distal end opposite the proximal end, the free distal end spaced from the proximal end,

7. The electrical connector as recited in claim 6, wherein the drain wire connection {ab
comprises a crimp member movable with respect to the plate body such that the free distal end
moves toward the plate body, thereby capturing the drain wire in electrical communication with

the ground plate.
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8. The electrical connector as recited in any one of the preceding clatms, configured to mate
with a complementary electrical connector along a mating direction, wherein the drain wire
connection tab is attached to the plate body at an interface that is elongate along the mating

direction.

9. The electrical connector as recited in any one of claims 1-7, configured to mate with a
complementary electrical connector along a mating direction, wherein the drain wire connection
tab is attached to the plate body at an interface that is elongate along a direction that is angularly

offset with respect to the mating direction.

10.  The electrical connector as recited in claim 9, wherein the direction is perpendicular to

the mating direction.

1. The electrical connector as recited in any one of the preceding claims, wherein the drain

wire connection tab is cut out from the plate body.

12.  The electrical connector as recited in any one of the preceding claims, wherein the drain
wire connection tab includes a tab body and an opening that extends through the tab body, the

opening sized to receive the drain wire.

13.  The electrical connector as recited in claim 12, configured to mate with a complementary
electrical connector along a mating direction, wherein the opening extends through the tab body

along the mating direction.

14.  The electrical connector as recited in any one of claims 12 to 13, wherein the opening is
sized to maintain connection between the tab body and the drain wire, when the drain wire

extends through the opening, without bending the tab body toward the plate body.

£5.  The electrical connector as recited in any one of the preceding claims, wherein the drain
wire connection tab comprises an anti-backout tab that projects into the opening so as to allow
insertion of the drain wire through the opening in a mating direction, but prevents the drain wire

from being removed from the opening in a direction opposite the mating direction.

16.  The electrical connector as recited in any one of the preceding claims, further comprising
a strain relief housing that surrounds at least a connection location between the drain wire and

drain wire connection tab.
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17.  The electrical connector as recited in any one of the preceding claims, wherein the at least
one electrical cable includes an outer electrically insulative layer that surrounds at least one or
both of the signal conductors and the drain wire, and the strain relief housing further surrounds at

feast a length of the outer electrically insulative layer.

18. The electrical connector as recited in any one of claims 16 to 17, wherein the sirain relief

housing is overmolded onto the connection location and the outer electrically insulative layer.

19.  An electrical connector assembly as recited in any one of the preceding claims, {urther
comprising the at least one electrical cable, wherein the signal conductors of the electrical cable
are attached to the signal contacts and a drain wire of the electrical cable is mechanically

attached to the drain wire connection tab.

20.  The electrical connector assembly as recited in claim 19, further comprising a strain relief
housing that is overmolded onto at least a connection location between the drain wire and the

drain wire connection tab.

21.  The electrical connector assembly as recited in any one of claims 19 to 20, further

comprising a plurality of electrical cables that are attached to the electrical connector, and a cable
clip having an opening that receives the electrical cables, wherein the electrical cables extend out
from the connector and are bent about a bend radius, the opening defines a height along the bend

radius and a width that is perpendicular to the height, and the width is greater than the height.

22.  The electrical connector assembly as recited in claim 21, wherein the width is greater

than the height, and less than five times the height.

23. A leadframe assembly comprising;

a leadframe supported by the connector housing, the leadframe including an electrically
insulative leadframe housing and a plurality of electrical signal contacts supported by the
leadframe housing;

a plurality of electrical signal contacts supported by the leadframe housing; and

an electrically conductive ground plate positioned adjacent to the leadframe housing, the
ground plate including an electrically conductive plate body and a crimp member that projects

out from the plate body;
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wherein the leadframe assembly is configured to receive at least one electrical cable such
that at least one signal conductor of the electrical cable is attached to a corresponding at least one
of the signal contacts, and a drain wire of the electrical cable is mechanically attached to the
crimp member, thereby placing the drain wire in electrical communication with the electrically

conductive ground plate.

24, The leadframe assembly as recited in claim 23, wherein the plate body is substantially

planar.

25.  'the leadframe assembly as recited in any one of claims 23 to 24, wherein the ground

plate further comprises a plurality of ground mating ends that extend from the plate body.

26.  The leadframe assembly as recited in claim 285, wherein the ground plate further

comprises a plurality of ground mating ends are monolithic with the plate body.

27.  The leadframe assembly as recited in any one of claims 23 to 26, wherein the ground

plate is supported by the leadframe housing.

28.  The leadframe assembly as recited in any one of claims 23 to 27, wherein the drain wire
connection tab detines a tab body having a proximal end that is attached to the ground plate and

a free distal end opposite the proximal end, the free distal end spaced from the proximal end.

29, The leadframe assembly as recited in claim 28, wherein the drain wire connection tab
comprises a crimp member movable with respect to the plate body such that the free distal end
moves toward the plate body, thereby capturing the drain wire in electrical communication with

the ground plate.

30.  The leadframe assembly as recited in any one of claims 23 to 29, configured to mate with
a complementary electrical connector along a mating direction, wherein the drain wire
connection tab is attached to the plate body at an interface that is clongate along the mating
direction,

31, The leadframe assembly as recited in any one of claims 23 to 30, configured to mate with
a complementary electrical connector along a mating direction, wherein the drain wire
connection tab is attached to the plate body at an interface that is elongate along a direction that

is angularly offset with respect to the mating direction.
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32.  The leadframe assembly as recited in claim 31, wherein the direction is perpendicular to

the mating direction.

33, The leadframe assembly as recited in any one of claims 23 to 32, wherein the drain wire

connection tab is cut out from the plate body.

34.  The leadframe assembly as recited in any one of claims 23 to 33, wherein the drain wire
connection tab includes a tab body and an opening that extends through the tab body, the

opening sized to receive the drain wire.

35.  The leadframe assembly as recited in claim 34, configured to mate with a complementary
electrical connector along a mating direction, wherein the opening extends through the tab body

along the mating direction,

36.  The leadframe assembly as recited in any one of claims 34 to 35, wherein the opening is
sized to maintain connection between the tab body and the drain wire, when the drain wire

extends through the opening, without bending the tab body toward the plate body.

37. The leadframe assembly as recited in any one of claims 34 to 36, wherein the drain wire
connection tab comprises an anti-backout tab that projects into the opening so as to allow
insertion of the drain wire through the opening in a mating direction, but prevents the dratn wire

from being removed from the opening in a direction opposite the mating direction.

38.  The leadframe assembly as recited in any one of claims 23 to 37, further comprising a
strain relief housing that surrounds at least a connection location between the drain wire and

drain wire connection tab.

39, The leadframe assembly as recited in any one of claims 23 to 38, wherein the at least one
electrical cable includes an outer electrically insulative layer that surrounds at least one or both
of the signal conductors and the drain wire, and the strain relief housing further surrounds at least

a length of the outer electrically insulative layer.

46,  The leadframe assembly as recited in any one of claims 38 to 39, wherein the strain relief

housing is overmolded onto the connection location and the outer electrically insulative layer.

41.  An electrical connector comprising:

an electrically insulative connector housing; and
T
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a leadframe supported by the connector housing, the leadframe including an electrically
insulative leadframe housing and a plarality of electrical signal contacts and ground contacts
supported by the leadframe housing; and

an electrically conductive ground plate positioned adjacent to the leadframe housing such
that the ground contacts arg in electrical contact with the ground plate and the elecirical signal
contacts are spaced from the ground plate,

wherein the electrical connector is configured to receive at least one electrical cable such
that at least one signal conductor of the electrical cable is attached to a corresponding at least one
of the signal contacts, and a drain wire of the electrical cable is attached fo a corresponding one
of the ground contacts, thereby placing the drain wire in electrical communication with the

ground plate.

42, The electrical connector as recited in claim 41, wherein the ground contacts comprise a

ground contact tab that projects toward the ground plate and contacts the ground plate.

43. The electrical connector as recited in claim 42, wherein each of the ground contacts
includes a ground contact body that defines a ground mating end and a ground mounting end,

and the ground contact tab is cut from the ground contact body.

44. The electrical connector as recited in claim 43, configured fo mate with a complementary
electrical connector along a mating direction, wherein the corresponding one of the ground

confacts is configured to attach to the drain wire.

45.  The electrical connector as recited in any one of elaims 41 to 44, wherein ground plate is

substantially planar,

46.  The clectrical connector as recited in any one of claims 41 to 43, wherein the ground

plate is supported by the leadframe housing.

47. An electrical connector assembly as recited in any one of claims 41 to 46, further
comprising the at least one electrical cable, wherein the at least one signal conductor of the
electrical cable are attached 1o the corresponding one of the signal contacts and the drain wire of

the electrical cable is mechanically attached to a corresponding one of the ground contacts.

48.  The electrical connector assembly as recited in any one of claims 41 to 47, {urther
comprising a plurality of clectrical cables that are attached to the clectrical connector, and a cable
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clip having an opening that receives the elecirical cables, wherein the electrical cables extend out
from the connector and are bent about a bend radius, the opening defines a height along the bend

radius and a width that is perpendicular to the height, and the width is greater than the height.

49, The electrical connector assembly as recited in claim 48, wherein the width is greater

than the height, and less than five times the height.

50. A leadframe assembly comprising:

a leadframe supported by the connector housing, the leadframe including an electrically
insulative leadframe housing and & plurality of electrical signal contacts and ground contacts
supported by the icadframe housing; and

an glectrically conductive ground plate positioned adjacent to the leadframe housing such
that the ground contacts are in electrical contact with the ground plate and the electrical signal
contacis are spaced from the ground plate,

wherein the electrical connector is configured to receive at least one electrical cable such
that at least one signal conductor of the electrical cable is attached (o a corresponding at least one
of the signal contacts, and a drain wire of the electrical cable is attached to a corresponding one
of the ground contacts, thereby placing the drain wire in electrical communication with the

ground plate.

531, The leadframe assembly as recited in claim 50, wherein the ground contacts comprise a

ground contact tab that projects toward the ground plate and contacts the ground plate.

32, The leadframe assembly as recited in claim 51, wherein each of the ground contacts
includes a ground contact body that defines a ground mating end and a ground mounting end,

and the ground contact tab is cut from the ground contact body.

53.  The leadframe assembly as recited in claim 52, configured to mate with a complementary
clectrical connector along a mating direction, wherein the corresponding one of the ground

contacts is configured to attach to the drain wire.

54.  The leadframe assembly as recited in any one of claims 50 to 53, wherein ground plate is

substantially planar.

55, The leadframe assembly as recited in any one of claims 50 to 54, wherein the ground
plate is supported by the leadframe housing,
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36. A method of managing a plurality of electrical cables comprising the steps oft

attaching a plurality of electrical cables to an electrical connector, such that the electrical
cables extend out from the electrical connector;

securing a cable clip onto the plurality of electrical cables such that the electrical cables
extend through an opening of the cable clip, the opening having a height and a width that is
perpendicular to the height and greater than the height; and

bending the electrical cables about a bend radius that is substantially coplanar with the

height.
57.  The method as recited in claim 56, whergin the height is measured along the bend radius,
58.  The method as recited in any one of claims 56 to 37, wherein the securing step comprises

the step of causing the cables to expand away from each other along the width and to compress

against each other along the height.

59.  The method as recited in any one of claims 56 to 58, wherein the securing step is

performed before the attaching step.

60.  The method as recited in any one of claims 56 to 58, wherein the securing step is

performed after the attaching step.

61,  The method as recited in any one of claims 56 to 60, wherein the bending step further
comprises directing the cables along a cable guide that defines the radius, the cable guide

defining a guide body and the cable clip supported by the guide body.

62.  The method as recited in any one of claims 36 to 61, further comprising the steps of:
attaching & second phurality of electrical cables to a second electrical connector, such that
the second plurality of elecirical cables extends out from the second electrical connector;
securing a second cable clip onto the second plurality of electrical cables such that the
second plurality of electrical cables extend through a second opening of the second cable ¢lip,
the second opening having a height and a width that is perpendicular to the height and greater
than the height;
bending the second plurality of electrical cables about a second bend radiys that is

substantially coplanar with the height of the second opening; and
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stacking the cable clips onto each other along a direction that defines the respective

heights.

63. A cable assembly comprising:

a plurality of electrical cables including at least one electrical conductor and an
electrically insulative outer sheath that surrounds the at least one electrical conductor, the
electrical conductor configured to be placed in electrical communication with an electrical
connector, the plurality of electrical cables defining a height and a width perpendicular to the
height;

a cable clip comprising a clip body and an opening that extends through a clip body, the
opening having a height less than the height of the plurality of electrical cables, and a width
greater than the width of the plurality of electrical cables,

wherein the opening is sized such that when the plurality of electrical cables extend
through the opening, the height of the electrical cables is decreased to the height of the opening,

and the width of the plurality of electrical cables is increased to the width of the opening.

64.  The cable assembly as recited in claim 63, wherein the cable clip comprises a first
component defining a first portion of the opening, and a second component that defines a second
portion of the opening, the first and second components configured to be attached to each other
about the plurality of electrical cables to define the opening such that the plurality of electrical

cables extends through the opening.

63,  The cable assembly as recited in any one of claims 63 to 64, wherein the width of the
opening is greater than the height of the opening, and less than five times the height of the

opening.

66.  The cable assembly as recited in any one of claims 63 to 65, wherein the width of the
opening is greater than three times the height of the opening and less than four times the height

of the opening.

67. The cable assembly as recited in any one of claims 64 to 66, wherein the first and second

components are hermaphroditic with each other.

68.  The cable assembly as recited in any one of claims 64 to 67, wherein each of the first and

second components comprises a body and a pair of legs that extend out from the body, each body
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of the first and second components defining a pair of recesses sized {o receive protrusions of the
pair of legs of the other of the first and second components, thereby atiaching the first and

second components to each other,

69.  The cable assembly as recited in any one of claims 64 to 67, wherein the body and legs of
the first and second components define respective inner surfaces that, in combination, define the

opening of the cable clip.

70.  The cable assembly as recited in any one of claims 63 to 69, further comprising a cable
guide having a guide surface that defines a bend radius, the cable guide further including the
cable clip, the opening operatively aligned with the guide surface such that when the plurality of

cables extends along the guide surface, the plurality of cables further extends through the

opening.
71.  The cable assembly as recited in claim 70, wherein the guide surface is curved.
72 The cable assembly as recited in claim 71, wherein the curved guide surface is defined by

a bend radius, and the height of the opening is coplanar with the bend radius,

73, The cable assembly as recited in claim 72, wherein the curved guide surface is defined by

a bend radius, and the height of the opening is parallel with the bend radius.

74.  The cable assembly as recited in claim 73, wherein the curved guide surface is defined by

a bend radius, and the height of the opening is defined by the bend radius.

75.  The cable assembly as recited in any one of claims 63 to 74, wherein the cable guide
includes a guide body that defines the guide surface, and the first component is monolithic with

the guide body.

76.  The cable assembly as recited in any one of claims 70 to 73, further comprising a band
that is configured to extend about the cable guide and the plurality of cables so as to secure the

plurality of cables to the cable guide.

77.  Anelecirical connector assembly comprising the leadframe assembly as recited in any
one of claims 23 to 40 and 50 to 535, and the cable assembly as recited in any one of claims 53 to

76, wherein the drain wire of the plurality of electrical cables are attached to the ground plate.
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78.  An electrical connector comprising a connector housing, and a plurality of the leadframe
assemblies as recited in any one of claims 23 to 40 and 50 to 35, and the cable assembly as

recited in any one of claims 53 to 77.

79. A cable guide comprising:

a guide body defining a guide surface configured to support a plurality of electrical
cables; and

a cable clip supporied by the guide body, the cable clip comprising a clip body and an
opening that extends through a clip body, the opening having a height and a width that is
perpendicular to the height and greater than the height,

wherein the opening is in operable communication with the guide surface such that the

guide surface directs the supported plurality of electrical cables to extend through the opening,

80.  The cable guide as recited in claim 79, wherein the opening is sized such that when the
plurality of electrical cables extend through the opening, the height of the electrical cables is
decreased to the height of the opening, and the width of the plurality of electrical cables is

increased to the width of the opening.

81.  The cable guide as recited in any one of claims 79 to 80, wherein the cable clip comprises
a first component defining a first portion of the opening, and a second component that defines a
second portion of the opening, the first and second components configured to be attached to each
other about the plurality of electrical cables to define the opening such that the plurality of

clectrical cables extends through the opening.

82.  The cable guide as recited in claim 81, wherein the first component is monolithic with the
guide body.
83.  The cable guide as recited in any one of claims 79 to 82, wherein the width of the

opening is greater than the height of the opening, and less than five times the height of the

opening.

84.  The cable guide as recited in any one of claims 79 to 83, wherein the width of the
opening is greater than three times the height of the opening and less than four times the height

of the opening.
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85.  The cable guide as recited in any one of claims 79 to 84, wherein the first and second

components are hermaphroditic with each other.

856.  The cable guide as recited in any one of claims 81 to 85, wherein cach of the first and
second components comprises a body and a pair of legs that extend out from the body, gach body
of the first and second components defining a pair of recesses sized to recetve protrusions of the
pair of legs of the other of the first and second components, thereby attaching the first and

second components {o each other.

87.  The cable guide as recited in any one of clats 81 to 86, wherein the body and legs of'the
first and second components define respective inner surfaces that, in combination, define the

opening of the cable clip.

88.  The cable guide as recited in any one of claims 79 o §7, wherein the puide surface is
curved,
82, The cable guide as recited in claim 88, wherein the curved guide surface is defined by a

bend radius, and the height of the opening is coplanar with the bend radius.

90.  The cable assembly as reciied in claim 88, wherein the curved guide surface is defined by

a bend radius, and the height of the opening is parallel with the bend radius.

g1 The cable assembly as recited in claim 88, wherein the curved guide surface is defined by

a bend radius, and the height of the opening is defined by the bend radius.

92.  The cable guide as recited in any one of claims 79 to 91, wherein the guide surface
defines a first end and a second end that is oriented substantially perpendicular to the first end,

and the cable clip is supported at the second end,

93, The cable guide as recited in claim 92, wherein the cable guide is configured to be

supported adjacent to an electrical connector proximate to the first end of the guide surface.
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Box No. Il 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. ] Claims Nos.: 7,10,13,20,22,29,32,35.49,71-74,89-91,93
because they relate to parts 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 7, 10, 13, 20, 22, 29, 32, 35, 49, 71-74, 89-91 and 93 are unclear because they refer respectively to claims 6, 9, 12, 19,
21, 28, 31, 34, 48, 70, 88 and 92 directly or indirectly which do not comply with PCT Rule 6.4(a).

3. Claims Nos.: see extra page
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. Claims 1-4, 23-26, 41-45 and 50-54 are directed to a leadframe assembly.
2. Claims 56-58, 63-65 and 79-82 are directed to a cable clip.

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 report 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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Continuation of Box No. II

3. Claims Nos.:5-6,8-9,11-12,14-19,21,27-28,30-31,33-34,36-40,46-48,55,59-62,66-70,75-78,83-88,92
because they dependent claims are not drafted in accordance with second and third sentences of
Rule 6.4(a)
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