CONNECTOR MODULE WITH CABLE POSITIONING
FEATURES

[0001] The invention relates to an electrical connector module that terminates to an

end of an electrical cable.

[0002] In some electrical systems, an electrical connector, such as a plug or a
receptacle, includes a cable extending from a housing. The housing holds electrical
components, such as electrical contacts or a printed circuit board therein. The cable
terminates to the electrical components within the housing. The housing of the electrical
connector is configured to mate with a mating connector such that the electrical components
within the housing electrically connect to electrical components of the mating connector.
When mated to the mating connector, electrical power and/or data signals are transmitted
between the electrical components of the mated connectors. The electrical connection
between the mated connectors produces electromagnetic interference (EMI) within the
housing. Electromagnetic interference is the disruption of operation of an electronic device
due to an electromagnetic field caused by electromagnetic induction and/or radiation. The
housing of the electrical connector may be configured to contain the EMI to prohibit the EMI
from interfering with signal transmissions external to the housing, such as signals transmitted
through the portion of the cable outside of the housing and/or other electronic devices in the
surrounding environment. However, some known electrical systems fail to contain the EMI

within the housing and electrical performance suffers as a result.

[0003] For example, EMI may leak through a cable opening in the housing through
which the cable is received within the housing for electrical connection to the electrical
components therein. The cable opening may be larger than the diameter of the cable such
that the EMI leaks through gaps between the cable and the edge of the cable opening. In
another example, some known housings are assembled by coupling two shells together, such
that each shell defines at least part of the housing. The two shells couple together at a seam.
If the two shells are not mated correctly, a gap may form at the seam, and EMI may leak
through the gap. For example, when assembling the electrical connector, a portion of the
cable may get pinched between the two shells at the seam, and the material in the seam

causes a gap that allows EMI to escape the housing.



[0004] There is a need for a connector module that provides better containment of

EMI than prior art devices.
[0005] This problem is solved by a connector module according to claim 1.

[0006] According to the invention, a connector module comprises a housing
extending along a longitudinal axis between a mating end and a cable end. The housing is
defined by a first shell and a second shell that mate at a seam and define an interior chamber
therebetween. The first shell and the second shell each include a cable exit segment, the
cable exit segments together defining a cable exit region of the housing that includes the
cable end. The cable exit segments of the first and second shells each include at least one
cable positioning feature extending from an inner surface of the respective cable exit
-scgmen.t. Each cable positioning feature includes at least two posts and a slot defined
therebetween. The slots of the cable positioning features of the first and second shells are
configured to receive a cable between the at least two posts of each corresponding cable

positioning feature, the cable extending from the cable end of the housing.

[0007] The invention will now be described by way of example with reference to

the accompanying drawings wherein:

[0008] Figure 1 is a side cross-sectional view of an electrical system in accordance

with an embodiment.

{00091 Figure 2 is an exploded perspective view of a connector module of the

electrical system according to an exemplary embodiment.

[0010] Figure 3 is a close-up exploded perspective view of a cable exit region of a

housing of the connector module according to an exemplary embodiment.

[0011] Figure 4 is an end view of an embodiment of the connector module prior to

assembly.

[0012] Figure 5 is an end view of an embodiment of the connector module after

assembly.



[0013] Figure 6 is a close-up exploded perspective view of a portion of the lower

shell of the housing according to an alternative embodiment.

[0014] Figure 1 is a side cross-sectional view of an electrical system 100 in
accordance with an embodiment. The electrical system 100 includes a connector module 102
and a mating connector 104. The connector module 102 is configured to mate with the
mating connector 104 to form an electrical connection that provides a signal path through the
connection module 102 and the mating connector 104. The connector module 102 may be a
plug, and the mating connector 104 may be a receptacle that accommodates the plug.

Alternatively, the connector module 102 is a receptacle, and the mating connector 104 is a

plug.

[0015] The connector module 102 includes a housing 106, a cable 108, and an
electrical component 110. The housing 106 extends along a longitudinal axis 112 between a
mating end 114 and a cable end 116. The mating end 114 interfaces with the mating
connector 104, and the cable end 116 receives the cable 108. In an alternative embodiment,
another side or end of the housing 106 other than the mating end 114 may be configured to
interface with the mating connector 104. For example, the housing 106 may be a right angle
housing instead of an in-line housing. The housing 106 defines an interior chamber 118. The
electrical component 110 is held within the interior chamber 118 of the housing 106. The
electrical component 110 is configured to electrically connect to a mating electrical
component 120 of the mating connector 104. The electrical component 110 in the illustrated
embodiment is a circuit card or printed circuit board (PCB). In other embodiments, the
electrical component 110 may be or include multiple conductive contacts. The cable 108
terminates to the electrical component 110 to transmit power and/or data signals to and/or
from the electrical component 110. For example, the cabie 108 may include one or more
inner conductors 124 that electrically and mechanically engage contact pads (not shown) or
conductive vias (not shown) of the electrical component 110. The inner conductors 124 may
define a proximal end 122 of the cable 108 that is disposed within the interior chamber 118 of
the housing 106. The cable 108 exits the interior chamber 118 via an opening 130 at the
cable end 116 and extends from the housing 106.

[0016] In an embodiment, the housing 106 includes a cable exit region 126. The

cable exit region 126 includes the cable end 116 of the housing 106. The cable exit region
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126 provides a passage 128 for the cable 108 from the opening 130 at the cable end 116 to
the interior chamber 118. The cable exit region 126 also provides a structure for coupling the
cable 108 to the housing 106. For example, the cable 108 may include a braid 132 that is
positioned along an exterior of the cable exit region 126. The braid 132 may be stretched
from a non-expanded state within an outer jacket 134 of the cable 108 to an expanded state to
position the braid 132 around the cable exit region 126. The braid 132 may be coupled to the
cable exit region 126 by crimping a ferrule (not shown) onto the braid 132, by applying an
adhesive, or the like, in order to mechanically and electrically connect the cable 108 to the

housing 106.

[0017] The mating connector 104 includes a housing 138 that holds the mating
electrical component 120 therein. In the illustrated embodiment, the mating electrical
component 120 of the mating connector 104 includes multiple contacts arranged in an upper
and a lower row. The multiple contacts are configured to electrically and mechanically
engage corresponding contact pads (not shown) of the electrical component 110 (for
example, PCB) of the connector module 102. In other embodiments, the mating electrical
component 120 may include other arrangements of contacts or a circuit card instead of
contacts. The mating connector 104 may be mounted on a printed circuit board 136. For
example, the mating electrical component 120 may include conductive pin contacts 139 that
are through-hole mounted to the printed circuit board 136. In other embodiments, the mating
connector 104 may be coupled to a cable or a device instead of being mounted to the printed

circuit board 136.

[0018] The electrical connection formed between the electrical component 110 and
the mating electrical component 120 when the connector module 102 and the mating
connector 104 are mated may generate electromagnetic interference (EMI). Electromagnetic
interference may interfere with and degrade signal transmission along the signal path. In
some known electrical systems, connector housings are designed to contain EMI within the
housings to reduce detrimental effects on signal transmission external to the housings. Signal
transmission external to the housings may include signal transmission along cables that
extend from the housings and signal transmission through other electrical devices nearby the
housings. As shown in Figure 1, if EMI is not contained within the housings 106, 138, signal

performance of the cable 108 and the PCB 136 may suffer, as well as devices coupled to or



proximate to the cable 108 and the PCB 136. In some known electrical systems, however,
the housings fail to effectively contain the EMI, and the performance of the electrical systems
suffers as a result. Embodiments of the inventive subject matter described herein provide
connector modules that more effectively contain EMI within housings of the connector

modules, improving signal performance.

[0019] Figure 2 is an exploded perspective view of the connector module 102 of the
electrical system 100 shown in Figure 1 according to an exemplary embodiment. The
electrical component 110 (Figure 1) of the connector module 102 is not shown in Figure 2.
The connector module 102 is oriented with respect to a lateral axis 191, an elevation axis 192,
and a longitudinal axis 193. The longitudinal axis 193 may be the longitudinal axis 112
(shown in Figure 1). The axes 191-193 are mutually perpendicular with respect to one
another. Although the elevation axis 192 appears to extend in a vertical direction parallel to
gravity in Figure 2, it is understood that the axes 191-193 are not required to have any

particular orientation with respect to gravity.

[0020] The housing 106 is defined by a first shell 140 and a second shell 142. The
first and second shells 140, 142 mate at a seam 210 (shown in Figure 5) to form the
assembled housing 106. For example, each of the first and second shells 140, 142 include
walls that enclose and define the interior chamber 118 (shown in Figure 1) when the shells
140, 142 are mated. In the illustrated embodiment, the first shell 140 is disposed over the
second shell 142, The first and second shells 140, 142 may be mated by moving the shells
140, 142 relatively together along the elevation axis 192. As used herein, the first shell 140
may be referred to as “upper shell” 140, and the second shell 142 may be referred to as
“lower shell” 142. Relative or spatial terms such as “upper,” “lower,” “left,” or “right” are
only used to distinguish the referenced elements and do not necessarily require particular
positions or orientations in the electrical system 100 (shown in Figure 1) or in the

surrounding environment of the electrical system 100.

[0021] The upper shell 140 extends between a mating end 144 and a cable end 146.
The lower shell 142 also extends between a mating end 148 and a cable end 150. The mating
and cable ends 144, 146 of the upper shell 140 align with the mating and cable ends 148, 150,

respectively, of the lower shell 142 as the upper and lower shells 140, 142 are mated to form



the housing 106. The seam 210 (shown in Figure 5) may extend between the mating ends
144, 148 and the cable ends 146, 150.

[0022]  The upper shell 140 and the lower shell 142 each include a cable exit
segment 152 that extends parallel to the longitudinal axis 193. The cable exit segment 152 of
the upper shell 140 includes the cable end 146, and the cable exit segment 152 of the lower
shell 142 includes the cable end 150. When the shells 140, 142 are mated, the cable exit
segments 152 define the cable exit region 126 (shown in Figure 1) of the housing 106.

[0023] Each cable exit segment 152 includes a left edge 156 and a right edge 158
spaced apart along the lateral axis 191. The cable exit segment 152 may include a left side
wall 160 at or proximate to the left edge 156 and a right side wall 162 at or proximate to the
right edge 158. When the shells 140, 142 are assembled, the left side wall 160 of the cable
exit segment 152 of the upper shell 140 may engage the left side wall 160 of the cable exit
segment 152 of the lower shell 142, and the respective right side walls 162 may similarly
engage each other. The side walls 160, 162 thus form a portion of the seam 210 (shown in
Figure 5) between the upper and lower shells 140, 142. Each cable exit segment 152 includes
an inner surface 154. The inner surface 154 may extend between the left side wall 160 and
the right side wall 162. In an alternative embodiment in which the cable exit segments 152
lack side walls, the inner surface 154 may extend between the left and right edges 156, 158 of
the respective cable exit segments 152. The inner surface 154 may be arc-shaped. For
example, the inner surface 154 may be curved in a concave arc relative to the side walls 160,
162 of the respective cable exit segment 152, such that the inner surface 154 bows away from
the side walls 160, 162 (or edges 156, 158) as the inner surface 154 extends between the side
walls 160, 162 (or edges 156, 158). When the shells 140, 142 are assembled, the inner
surfaces 154 of the cable exit segments 152 combine to define the passage 128 (shown in
Figure 1) that extends between the cable end 116 (Figure 1) and the interior chamber 118
(Figure 1). In an alternative embodiment, the inner surface 154 of at least one of the cable
exit segments 152 is not arc-shaped, but rather may include one or more linear walls, forming

a V-shape, a box-shape, or the like.

[0024] In an exemplary embodiment, the cable exit segments 152 of the upper and
lower shells 140, 142 each include at least one cable positioning feature 164 extending from

the inner surface 154. Each cable positioning feature 164 includes at least two posts 166 and



a slot 168 defined between the posts 166. The posts 166 may extend at least partially
vertically along the elevation axis 192 towards the cable exit segment 152 of the opposing
shell. For example, the posts 166 of the upper shell 140 extend downwards toward the lower
shell 142, and the posts 166 of the lower shell 142 extend upwards toward the upper shell 140
in the illustrated embodiment. Each of the cable positioning features 164 shown in Figure 2
include two posts 166 (for example, a left post 166A between the slot 168 and the left edge
156 and a right post 166B between the slot 168 and the right edge 158), although more or less
than two posts 166 per cable positioning feature 164 may be used in other embodiments. The

slot 168 is sized to receive the cable 108 between the at least two posts 166.

[0025] The upper and lower shells 140, 142 may be composed of one or more
conductive materials, such as metal. The upper shell 140 may be composed of the same
materials or at least one different material than the lower shell 142, In an embodiment, the
shelis 140, 142 are formed by a molding process, such as through die-casting. The at least
one cable positioning feature 164 of each shell 140, 142 may be integrally formed with the
cable exit segment 152 of the respective shells 140, 142. For example, the shells 140, 142
may be die-cast using a mold that defines the one or more cable positioning features 164.
Die-casting is a low cost manufacturing option because the primary cost is the mold, and a
single mold may be used to produce numerous identical parts. Since the at least one cable
positioning feature 164 is integrally formed, production efficiency may increase by avoiding
additional assembly steps required to add the cable positioning feature(s) 164 and connector

defects attributable to the additional assembly steps.

[0026] The cable 108 includes the at least one inner conductor 124, at least one
insulation layer 170, a cable shield 172, and the outer jacket 134. The at least one inner
conductor 124 provides a signal path through the cable 108 for electrical signals. In the
illustrated embodiment, the cable 108 includes four inner conductors 124. Optionally, the
inner conductors 124 may be organized into two sets of two conductors and configured to
convey differential signals. The inner conductors 124 are each individually surrounded by a
first insulation layer 170A. Optionally, the insulation layers 170A may be commonly
surrounded and enclosed within a second insulation layer 170B. The cable shield 172
includes at least one layer and is formed of at least one conductive material to provide

electrical shielding of the signals traveling through the inner conductors 124 from EMI. The



cable shield 172 of the cable 108 in Figure 2 includes a foil layer 174 within and surrounded
by the braid 132. The foil layer 174 and the braid 132 are both electrically conductive. A
portion 176 of the braid 132 is shown in Figure 2 in the expanded state in order to be

positioned around the cable exit region 126 (shown in Figure 1) of the housing 106.

[0027] A segment 178 of the cable 108 is received within the housing 106. The
segment 178 may include the inner conductors 124, the insulation layers 170A, 170B, and the
foil layer 174 of the cable shield 172. In an embodiment, the braid 132 and the outer jacket
134 do not enter the housing 106. The slots 168 of the cable positioning features 164 of the
shells 140, 142 may be designed to accommodate a diameter of the segment 178 of the cable
108, which may be smaller than a diameter of the cable 108 including the braid 132 and the
outer jacket 134. For example, the foil layer 174 may be the outer-most layer that engages
the posts 166 of each cable positioning feature 164. Alternatively, the entire cable shield 172
(for example, both the braid 132 and the foil layer 174) is received in the housing 106, and
each slot 168 is designed to accommodate a diameter of the cable 108 including the entire
cable shield 172.

[0028] In an embodiment, the connector module 102 is assembled by inserting the
cable 108 in the upper shell 140 or the lower shell 142, and mating the two shells 140, 142 to
entrap the segment 178 of the cable 108 therebetween. In some known electrical systems that
include electrical connectors assembled by joining two shells, at least a portion of the cable
may be pinched at the seam between the shells during the assembly process. The force
applied on the cable at the seam may damage the cable. In addition, the material of the cable
sandwiched between the shells prohibits the shells from flush engagement at the seam,
producing one or more gaps along the seam. The gaps may allow the release of EMI from
the housing (as well as allowing externally-produced EMI to enter the housing), reducing the
performance of the electrical system. Referring back to Figure 2, the at least two posts 166 of
each cable positioning feature 164 prohibit the cable 108 from interfering with the mating of
the upper and lower shells 140, 142 at the seam 210 (shown in Figure 5). Each post 166 of a
corresponding cable positioning feature 164 is disposed between the slot 168 and either the
left side wall 160 or the right side wall 162 of the cable exit segment 152. For example, the
left post 166A of each cable positioning feature 164 of the upper shell 140 blocks the cable

108 from extending onto or over the corresponding left side wall 160 of the upper shell 140,



so the cable 108 does not get pinched between the left side walls 160 of the respective shells
140, 142 as the shells 140, 142 are mated. The right post 166B of each cable positioning
feature 164 similarly blocks the cable 108 from getting pinched between the right side walls
160 of the shells 140, 142 during mating.

[0029] As the shells 140, 142 are mated, the at least one cable positioning feature
164 of the upper shell 140 combines with the at least one cable positioning feature 164 of the
lower shell 142 to define a cable channel 212 (shown in Figure 5) extending along the
longitudinal axis 193. For example, the at least one cable positioning feature 164 of the
upper shell 140 may define an upper perimeter of the cable channel 212, and the at least one
cable positioning feature 164 of the lower shell 142 may define a lower perimeter of the cable
channel 212. The upper and lower perimeters may together define the entire perimeter of the
cable channel 212. In an exemplary embodiment, each cable positioning feature 164 extends
laterally across the entire inner surface 154 of the respective cable exit segment 152 between
the left and right side walls 160, 162 (or left and right edges 156, 158 of the cable exit
segment 152). Therefore, as the shells 140, 142 are mated and the cable exit segments 152
engage each other at the seam 210 (shown in Figure 5), each cable positioning feature 164 of
the upper shell 140 fills an upper portion of the cross-sectional area of the passage 128
(shown in Figure 1), and each cable positioning feature 164 of the lower shell 142 fills a
lower portion of the cross-sectional area of the passage 128. When the shells 140, 142 are
mated, the cable channel 212 provides the only opening through the passage 128. In an
embodiment, the cable channel 212 is sized and shaped to have a diameter equal to or smaller
than a diameter of the segment 178 of the cable 108 within the cable channel 212 such that
the cable 108 is sealed within the cable channel 212 and no gaps are formed between the
cable 108 and the edges of the cable channel 212. The cable 108 seals the cable channel 212
to contain EMI within the interior chamber 118 (shown in Figure 1) of the housing 106.
Therefore, the combination of the at least one cable positioning feature 164 of the upper shell
140, the at least one cable positioning feature 164 of the lower shell 142, and the cable 108
within the cable channel 212 functions to seal the passage 128, prohibiting EMI from leaking
through the cable end 116 (shown in Figure 1) of the housing 106.

[0030] Figure 3 is a close-up exploded perspective view of the cable exit region 126
of the housing 106 according to an exemplary embodiment. The posts 166 of the cable



positioning features 164 of the upper and lower shells 140, 142 each have an inner wall 180
facing an opposing post 166 and an outer wall 182 facing one of the left edge 156 or the right
edge 158 of the respective cable exit segment 152. The slot 168 of each cable positioning
feature 164 is defined by the inner walls 180 of the posts 166 and a curved base 184. The
curved base 184 extends between the inner walls 180 of the posts 166. The inner walls 180
may be linear, curved, or both. For example, the inner walls 180 near a distal end 186 of the
posts 166 may be linear, and the inner walls 180 may curve proximate to the curved base 184.
In an embodiment, the outer walls 182 are curved radially inwards toward the slot 168. The
outer walls 182 are curved because the inner surface 154 of each of the cable exit segments
152 1s arc-shaped. The curved outer walls 182 may allow the posts 166 to be received within
the opposing cable exit segment 152 without contacting or otherwise interfering with the

inner surface 154 of the opposing cable exit segment 152 as the shells 140, 142 are mated.

[0031] In an exemplary embodiment, the at least one cable positioning feature 164
of the cable exit segment 152 of the upper shell 140 is offset from the at least one cable
positioning feature 164 of the cable exit segment 152 of the lower shell 142 along the
longitudinal axis 193. When the shells 140, 142 are aligned and mated along the elevation
axis 192, each cable positioning feature 164 of the upper shell 140 is axially spaced (along
the longitudinal axis 193) relative to each cable positioning feature 164 of the lower shell
142. For example, as shown in Figure 3, the cable positioning feature 164A of the lower
shell 142 is positioned at the cable end 150 of the lower shell 142. The cable positioning
feature 164B of the upper shell 140 is offset from the cable end 146 of the upper shell 140
along the longitudinal axis 193 in the direction towards the mating end 144 (shown in Figure
2). As such, when the cable ends 146, 150 of the upper and lower shells 140, 142,
respectively, are aligned and the shells 140, 142 are moved relatively together for mating, a
vertical plane occupied by the cable positioning feature 164A does not intersect a vertical
plane occupied by the cable positioning feature 164B. For example, although each of the
posts 166 of the cable positioning features 164A, 164B may extend vertically into the
opposing cable exit segment 152 when mated, the posts 166 do not contact each other and
interfere with the mating because the posts 166 are offset. The cable positioning feature
164B of the upper shell 140 may be offset from the cable end 146 by a distance 188 that is
equal to or slightly greater than a length 190 of the cable positioning feature 164A along the
longitudinal axis 193. As aresult, a front wall 194 of the cable positioning feature 164B may
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abut against or be disposed proximate to a back wall 196 of the cable positioning feature
164A when the shells 140, 142 are mated. The proximity of the cable positioning features
164A, 164B along the longitudinal axis 193 may improve EMI containment by reducing EMI
leakage through the cable end 116 (shown in Figure 1) of the housing 106. Optionally, the
cable positioning feature 164A of the lower shell 142 may be offset from the cable end 150 in
addition to, or instead of, the cable positioning feature 164B of the upper shell 140 being
offset from the cable end 146.

[0032] In an embodiment, at least one of the cable exit segments 152 of the upper
and lower shells 140, 142 includes multiple cable positioning features 164. In the illustrated
embodiment, both cable exit segments 152 include three cable positioning features 164. The
cable positioning features 164 of the upper shell 140 are spaced apart axially along the
longitudinal axis 193. Likewise, the cable positioning features 164 of the lower shell 142 are
spaced apart axially along the longitudinal axis 193. As the shells 140, 142 are mated, the
cable positioning features 164 of the upper shell 140 may be offset with the cable positioning
features 164 of the lower shell 142. The cable positioning features 164 may be interspersed
or interfeaved along the longitudinal axis 193 such that the cable positioning features 164
from the upper shell 140 alternate with the cable positioning features 164 of the lower shell
142 along a length of the cable exit region 126. In other embodiments, the cable exit
segments 152 may include more or less than three cable positioning features 164 each, and
the cable exit segment 152 of the upper shell 140 need not include the same amount of cable
positioning features 164 as the cable exit segment 152 of the lower shell 142, Increasing the
number of cable positioning features 164 may provide a better mechanical fit with the cable
108 received in the slots 168 of the cable positioning features 164. In addition, additional
cable positioning features 164 provide additional blocking structures within the passage 128.
Redundancy of blocking structures along the length of the cable exit region 126 may improve

shielding and EMI containment.

[0033] Figures 4 and 5 are end views of an embodiment of the connector module
102 at different stages of assembly. Figure 4 shows the connector module 102 prior to
assembly. Figure 5 shows the connector module 102 after assembly. The end view of Figure
4 shows the cable ends 146, 150 of the upper and lower shells 140, 142, respectively, viewed

along the longitudinal axis 193 (shown in Figures 2 and 3). The end view of Figure 5 shows
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the cable end 116 of the housing 106 (defined by the cable ends 146, 150 of the shells 140,
142) viewed along the longitudinal axis 193. A cross-section of the cable 108 is shown in

Figures 4 and 5 to provide an unobstructed view of the housing 106.

[0034] Referring to Figure 4, the upper and lower shells 140, 142 are poised for
mating. The slots 168 of the cable positioning features 164 of the upper and lower shells 140,
142 may be U-shaped and oriented along the elevation axis 192. For example, the slots 168
have an open end 202 opposite the curved base 184. The open end 202 may be between the
distal ends 186 of the posts 166. When poised for mating, the at least one cable positioning
feature 164 of the upper shell 140 opposes (for example, mirrors) the at least one cable
positioning feature 164 of the lower shell 142. Once the shells 140, 142 are mated, the open
end 202 of each slot 168 is disposed proximate to the inner surface 154 of the cable exit

segment 152 of the opposing shell 140 or 142 (as shown in Figure 5).

[0035] During assembly, the cable 108 is received within the slot 168 of each cable
positioning feature 164 of the lower shell 142 prior to mating the shells 140, 142. In an
alternative embodiment, the cable 108 may be received in the slots 168 of the upper shell 140
instead of the lower shell 142, or may be received partially within the slots 168 of each of the
shells 140, 142. The cable 108 is recessed laterally (along the lateral axis 191) from the left
and right side walls 160, 162 of the cable exit segment 152 of the lower shell 142. For
example, the left side wall 160 is spaced apart from the right side wall 162 by a first width
204. The slot 168 of the at least one cable positioning feature 164 has 3 second width 206
that is smaller than the first width 204 and between the side walls 160, 162. As such, the
cable 108 within the slot 168 is recessed from the side walls 160, 162, and the cable 108 is
not at risk for interfering with the engagement of the side walls 160, 162 of the upper and
fower shells 140, 142.

[0036] In an embodiment, the upper shell 140 moves toward the lower shell 142
along the elevation axis 192 to mate the shells 140, 142. The posts 166 of the at least one
cable positioning feature 164 of the upper shell 140 may be received around a perimeter of
the cable 108. For example, the left post 166A may extend along a left side of the cable 108,
and the right post 166B may extend along a right side of the cable 108 as the upper shell 140

descends onto the lower shell 142,
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[0037] In an optional embodiment, the distal ends 186 of at least some of the posts
166 are tapered. For example, the posts 166 may taper laterally outward away from the slots
168. The optional tapered regions of the posts 166 including the tapered distal ends 209 are
shown by dotted lines in Figure 4. Tapering the posts 166 may reduce the risk of damaging
the cable 108 during assembly of the shells 140, 142, such as when the posts 166 of the cable
positioning feature 164 of the upper shell 140 are received around the perimeter of the cable
108 during mating. The tapered posts 166 are sufficiently wide at the distal ends 209 to avoid
snagging, puncturing, or tearing one or more layers (for example, the foil layer 174 shown in
Figure 2) or components of the cable 108. The posts 166 are tapered to gradually guide the
cable 108 laterally towards the interior of the slot 168.

[0038] Referring now to Figure 5, the upper and lower shells 140, 142 are mated to
define the assembled housing 106. The left side wall 160 of the lower shell 142 engages the
left side wall 160 of the upper shell 140 at the seam 210. Likewise, the right side wall 162 of
the lower shell 142 engages the right side wall 162 of the upper shell 140 at the seam 210.
The seam 210 between the shells 140, 142 is an interface that extends around a boundary of
the housing 106 except at openings defined between the shells 140, 142. The distal ends 186
of the posts 166 of the lower shell 142 are received in the cable exit segment 152 of the upper
shell 140. The outer walls 182 of the posts 166 are curved to not interfere with the arc-
shaped inner surface 154 of the cable exit segment 152 of the upper shell 140. Similarly, the
posts 166 of the upper shell 140 are received in the cable exit segment 152 of the lower shell
142. The posts 166 of the upper shell 140 are disposed behind the cable positioning feature

164 of the lower shell 142, and thus are shown in Figure 5 in phantom.

[0039] Once mated, the cable positioning features 164 of the upper and lower shells
140, 142 combine to define the cable channel 212 that surrounds and entraps the cable 108.
For example, the curved base 184 of the cable positioning feature 164 of the upper shell 140
defines an upper perimeter {(or an upper portion of the perimeter) of the cable channel 212.
The curved base 184 of the cable positioning feature 164 of the lower shell 142 similarly
defines a lower perimeter (or a lower portion of the perimeter) of the cable channel 212.
Optionally, the upper and lower portions defined by the curved bases 184 may form the entire

perimeter of the cable channel 212. Alternatively, at least part of the perimeter may be



defined by the inner wall 180 (shown in Figure 3) of one or more of the posts 166. In an

embodiment, the cable channel 212 has an elliptical or circular cross-section.

[0040] The diameter of the cable channel 212 may be equal to or at least slightly
smaller than the diameter of the cable 108 (for example, the diameter of the segment 178 of
the cable 108 shown in Figure 2). As the cable channel 212 is formed by the mating shells
140, 142, the edges of the cable positioning features 164 that define the cable channel 212 at
least partially compress the cable 108 radially inward towards a center of the cable channel
212. The compression may force the cable 108 to take the shape of the cable channel 212
and fill in any gaps between the perimeter of the cable 108 and the edges of the cable
positioning features 164 that define the cable channel 212. For example, as shown in Figure
4, the cross-section of the cable 108 may have an irregular shape. As the cable 108 is
positioned within the slot 168 of the cable positioning feature 164 of the lower shell 142, one
or more gaps or spaces 214 may exist between the cable 108 and the cable positioning feature
164. Referring back to Figure 5, the mating of the upper shell 140 at least partially
compresses the cable 108 between the cable positioning features 164 of the upper and lower
shells 140, 142, which forces the cable 108 to adopt the cross-section of the cable channel
212 and fills in the gaps or spaces 214 shown in Figure 4. Thus, the cable 108 is sealed
within the cable channel 212, which contains EMI within the housing 106. The combination
of the cable positioning feature 164 of the upper shell 140, the cable positioning feature 164
of the lower shell 142, and the cable 108 within the cable channel 212 seals the passage 128
(shown in Figure 1) and contains EMI within the housing 106.

[0041] Figure 6 is a close-up exploded perspective view of a portion of the lower
shell 142 of the housing 106 (shown in Figure 1) according to an alternative embodiment.
The cable exit segment 152 of the lower shell 142 includes multiple cable positioning
features 216 spaced apart along the longitudinal axis 193. Each cable positioning feature 216
includes only one post 218. The post 218 of a first cable positioning feature 216A and the
post 218 of third cable positioning feature 216C are both proximate to the left edge 156 of the
cable exit segment 152. The posts 218 of second and fourth cable positioning features 216B,
216D, respectively, are both proximate to the right edge 158 of the cable exit segment 152.
Thus, the posts 218 are staggered to alternate sides along the length of the cable exit segment
152. A cable channel 220 may be defined between the alternating posts 218. The cable
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channel 220 is parallel to the longitudinal axis 193. The cable channel 220 is configured to
receive the cable 108 therein. The alternating posts 218 prohibit the cable 108 from being
pinched at the edges 156, 158 of the lower shell 142 when the lower shell 142 mates with an
upper shell (not shown) to define the housing 106. The upper shell may have one or more
cable positioning features 216 that combine with the cable positioning features 216 of the

lower shell 142 to provide shielding and EMI containment.
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WHAT IS CLAIMED IS:

1. A connector module comprising a housing extending along a longitudinal axis
between a mating end and a cable end, the housing defined by a first shell and a second shell
that mate at a seam and define an interior chamber therebetween, the first shell and the
second shell each including a cable exit segment, the cable exit segments together defining a
cable exit region of the housing that includes the cable end, characterized in that

the cable exit segments of the first and second shells each include at least one cable
positioning feature extending from an inner surface of the respective cable exit segment, each
cable positioning feature including at least two posts and a slot defined therebetween,
wherein the slots of the cable positioning features of the first and second shells are configured
fo receive a cable between the at least two posts of each corresponding cable positioning

feature, the cable extending from the cable end of the housing.

2. The connector module of claim 1, wherein the seam between the first and
second shells at the cable exit region of the housing is formed by side walls of the cable exit
segment of the first shell engaging corresponding side walls of the cable exit segment of the
second shell, each post of a corresponding cable positioning feature disposed between the slot
and one of the side walls of the respective cable exit segment such that the post blocks the
cable from extending into the seam between the side walls as the first and second shells are

mated.

3. The connector module of claim 2, wherein the side walls of at least one of the
first or second shell are spaced apart by a first width, the slot defined by each cable
positioning feature disposed between the side walls and having a second width that is smaller
than the first width such that the cable is recessed from the side walls within the respective

cable exit segment.

4. The connector module of any one of the preceding claims, wherein the slot of
each of the cable positioning features is defined by inner walls of the at least two posts and a
curved base that extends between the inner walls of the at least two posts, and as the first
shell is mated to the second shell, the cable positioning features of the first and second shells

together define a cable channel extending along the longitudinal axis, the curved bases of the
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cable positioning features of each of the first and second shells defining at least portions of a

perimeter of the cable channel.

3. The connector module of claim 4, further comprising the cable, wherein a
segment of the cable received in the slots of the cable positioning features includes at least
one inner conductor, at least one insulation layer surrounding the at least one inner conductor,
and a shield layer surrounding the at least one insulation layer, wherein the cable channel
defined by the cable positioning features of the first and second shells has a diameter equal to
or smaller than a diameter of the segment of the cable such that the cable is sealed within the

cable channel.

6. The connector module of claim 5, wherein the shield layer is a foil layer and
the cable further includes a braid surrounding the foil layer, the braid positioned along an
exterior of the cable exit region of the housing and coupled thereto to mechanically and

electrically connect the cable to the housing.

7. The connector module of any one of the preceding claims, wherein the at least
one cable positioning feature of the cable exit segment of the first shell is offset from the at
least one cable positioning feature of the cable exit segment of the second shell along the
longitudinal axis such that the at least two posts of each cable positioning feature of the first
shell are axially spaced relative to the at least two posts of each cable positioning feature of

the second shell.

8. The connector module of any one of the preceding claims, wherein at least one
of the cable exit segment of the first shell or the cable exit segment of the second shell
includes multiple cable positioning features, the cable positioning features of the first and
second shells are offset and interleaved along the longitudinal axis upon mating the first and

second shells.

9. The connector module of any one of the preceding claims, wherein the slot of
each cable positioning feature of the first shell is configured to receive the cable prior to
mating the first and second shells such that the at least two posts of each cable positioning
feature of the second shell are received around a perimeter of the cable as the first and second

shells are mated.
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10.  The connector module of any one of the preceding claims, wherein the at least
one cable positioning feature is formed integral with the cable exit segment of the respective

first and second shells.
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