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LOW-PROFILE RIGHT-ANGLE
ELECTRICAL CONNECTOR ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
co-pending U.S. patent application Ser. No. 13/296,166,
entitled “Low-Profile Right-Angle Electrical Connector
Assembly,” filed Nov. 14, 2011; and a continuation-in-part of
co-pending U.S. patent application Ser. No. 13/296,174,
entitled “Insulator with Air Dielectric Cavities for Electrical
Connector,” filed Nov. 14, 2011; and a continuation-in-part of
co-pending U.S. patent application Ser. No. 13/296,179,
entitled “Electrical Connector with Wafer Having Inwardly
Biasing Dovetail,” filed Nov. 14, 2011; all of which are incor-
porated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention is directed to a low-profile
right angle electrical connector assembly having six board-
mount connectors that allow for the right angle connection of
cable connectors to a low profile Peripheral Component Inter-
connect Express (“PCle”) card such that the assembly has a
total of 48 differential pairs of signal contacts capable of
carrying multi-gigabit per second serial bus signals (such as
HyperTransport® and/or PCle Gen-III) with high signal
fidelity. In some embodiments, each cable connector includes
a replaceable latch that helps secure the cable connectors
relative to the board-mount connectors.

[0004] 2. Description of Related Art

[0005] Traditional low-profile PCle card connector assem-
blies only contain four board-mount connectors because the
connectors are too large to allow six connectors to fit in the
space required by the PCle specification. Even with eight
differential pairs per connector, these other connector assem-
blies would only have a total of thirty-two differential pairs,
which means that each connector assembly would have a
maximum of 16 lanes PHY per low-profile PCle form factor
card. These traditional connector assemblies result in unde-
sirable latency (i.e., reduction in the speed and processing of
data) and cannot be used to create complex topologies like 3D
Torus or Flat Butterfly networks because these multidimen-
sional network topologies need 24 lanes of signals, i.e. a total
ot'48 differential pairs of signal contacts. 3D Torus networks
and other multidimensional topologies allow for energy-pro-
portional computing and enable a reduction of the server’s
interconnection energy consumption of approximately one-
fourth of the consumption of the traditional switched net-
works. Considering that most modern servers used in data-
centers are designed to accommodate only low-profile PCle
cards, using standard connectors would not enable the real-
ization ofthe type of power reduction and efficiency improve-
ments afforded by low-profile PCle with a total of 48 differ-
ential pairs of signal contacts.

[0006] Thus, there is a need in the art for a PCle card
assembly with an increased number of board-mount connec-
tors that allow for the secure right angle connection to a
corresponding number of cable connectors while maintaining
signal fidelity and meeting the low-profile PCle card require-
ments.

1. Field of Invention
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SUMMARY

[0007] Embodiments ofthe invention provide a low-profile
right-angle connector assembly with six board-mount con-
nectors thatallow cable connectors to connect to a low-profile
PCle card. The six board-mount connectors are housed within
a PCle bracket and a cover or shell, which may be an electro-
magnetic interference (“EMI”) shielding shell in some
embodiments, that are braced to the low profile PCle card.
Each of the six board-mount connectors has eight differential
pairs for a total of 48 differential pairs compared to conven-
tional four-connector arrangements that contain only 32 dif-
ferential pairs. The use of six board-mount connectors allows
for the implementation of complex 3D interconnection
topologies, reduces the diameter of the network, and enables
more servers to be reached with fewer hops relative to imple-
mentations that use four connectors and 2D topologies,
resulting in greater performance, lower latency, and cost ben-
efits. Additionally, in some embodiments, an LED display of
the link status may be provided, which can be an important
factor for system administrators in a complex network topol-
ogy scenario. The various embodiments of the invention
allow improved capabilities and efficiencies, particularly
when used with standard high density servers, including
switchless large direct connect topologies, lower infrastruc-
ture cost, lower power consumption, lower operation costs,
simplified cabling compared with traditional connectors,
improved fault tolerance, and improved reliability.

[0008] Ingeneral, in one aspect, embodiments of the inven-
tion relate to an electrical connector assembly affording a
right angle electrical connection to a low profile PCle printed
circuit board. The connector assembly comprises, among
other things, at least one board-mount connector, at least one
cable connector detachably coupled to the at least one board-
mount connector, and a PCle bracket, wherein the at least one
board-mount connector contains a total of forty-eight differ-
ential signal pairs.

[0009] In some embodiments, the differential signal pairs
are pin contacts. In some embodiments, the differential signal
pairs are socket contacts. In some embodiments, the at least
one cable connector is a male connector having pin contacts.
In some embodiments, the at least one cable connector is a
female connector having socket contacts.

[0010] Insome embodiments, the at least one board-mount
connector comprises seven overmolded lead frame assem-
blies. In some embodiments, each one of the seven over-
molded lead frame assemblies comprises a lead frame and a
pin wafer. In some embodiments, each one of the seven over-
molded lead frame assemblies comprises a lead frame and a
socket wafer. In some embodiments, the seven overmolded
lead frames assemblies further comprise a depression.
[0011] Insome embodiments, the at least one board-mount
connector comprises an LED. In some embodiments, the at
least one cable connector comprises a latch. In some embodi-
ments, the at least one cable connector comprises a ground
strap having three ground tabs and secures two cable mem-
bers together.

[0012] In general, in another aspect, embodiments of the
invention relate to an electrical connector assembly having a
latch. The electrical connector assembly comprises, among
other things, a board-mount connector, a cable connector
configured to be detachably coupled to the board-mount con-
nector, and a connector cover substantially enclosing the
board-mount connector, the connector cover having a recep-
tacle housing configured to receive the cable connector. The
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electrical connector assembly further comprises a resilient
latch attached to the cable connector, the resilient latch con-
figured to releasably engage the receptacle housing of the
connector cover to secure the cable connector relative to the
board-mount connector.

[0013] Insomeembodiments, the receptacle housing of the
connector cover includes a latch opening and the resilient
latch includes a latch stop configured to engage aleading edge
of the latch opening. In some embodiments, the cable con-
nector includes a latch anchor and the resilient latch includes
an anchor tab configured to removably engage the latch
anchor of the cable connector to releasably secure the resil-
ient latch relative to the cable connector. In some embodi-
ments, the cable connector includes one or more hook sup-
ports and the resilient latch includes one or more hooks
configured to removably engage the one or more hook sup-
ports to releasably secure the resilient latch relative to the
cable connector. In some embodiments, the cable connector
includes one or more slots and the resilient latch includes one
ormore guide tabs configured to removably engage the one or
more slots to releasably secure the resilient latch relative to
the cable connector. In some embodiments, the connector
cover is made of a material that helps protect the board-mount
connector from electromagnetic interference.

[0014] In general, in another aspect, embodiments of the
invention relate to an electrical connector having a latch. The
electrical connector comprises, among other things, a cable
connector, a resilient latch anchor formed on the cable con-
nector, a latch attached to the cable connector, and an anchor
tab formed in the resilient latch, the anchor tab configured to
engage the latch anchor to releasably secure the latch to the
cable connector.

[0015] In some embodiments, the resilient latch includes a
head section and a base section generally parallel to one
another and further includes a body section forming an inter-
connecting diagonal therebetween. In some embodiments,
the anchor tab is formed in the body section of the resilient
latch and includes an anchor opening, the anchor opening
having a size and shape to provide a precise fit around the
anchor tab to releasably secure the latch to the cable connec-
tor. In some embodiments, the latch anchor includes an
inclined surface configured to allow the anchor tab to be slid
up the inclined surface. In some embodiments, in the head
section of the resilient latch includes an ovoid latch stop
formed therein. In some embodiments, the cable connector
includes two parallel longitudinally extending ridges and the
resilient latch is disposed between the parallel longitudinally
extending ridges.

[0016] Additional and/or alternative aspects of the inven-
tion will become apparent to those having ordinary skill in the
art from the accompanying drawings and following detailed
description of the disclosed embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The apparatus of the invention is further described
and explained in relation to the following figures of the draw-
ing wherein:

[0018] FIG. 1 is a top perspective view of the low-profile
right-angle connector assembly with one cable connector
plugged into one of six board-mount connectors;

[0019] FIG. 2 is an exploded top perspective view of the
low-profile right-angle connector assembly;

[0020] FIG. 3 is a top perspective view of a board-mount
connector and a cable connector in mating orientation;

May 16, 2013

[0021] FIG. 4 is a front elevation view of a board-mount
connector;

[0022] FIG. 5is a front elevation view of a cable connector;
[0023] FIG. 6 is a perspective view of a ground strap secur-

ing two cable members with the contacts of the cable mem-
bers and ground strap inserted into three overmolded lead
frames;

[0024] FIG. 7 is a perspective view of a ground strap secur-
ing two cable members with the contacts of the cable mem-
bers and ground strap inserted into seven overmolded lead
frames;

[0025] FIG. 8 is a top perspective view of an overmolded
lead frame;
[0026] FIG. 9 is a cross-section top elevation view of an

overmolded lead frame;

[0027] FIG. 10 is a close up perspective view of a board-
mount connector shell or cover of the low-profile right-angle
connector assembly;

[0028] FIG. 11 is close up perspective view of a cable
connector and latch of the low-profile right-angle connector
assembly;

[0029] FIG.12iscloseup perspective view of another cable
connector and latch of the low-profile right-angle connector
assembly;

[0030] FIGS.13A-13Care perspective, top, and side views,
respectively, of a removable latch for the cable connector;
[0031] FIGS. 14A-14C are exemplary latch anchors that
may be provided on the cable connector;

[0032] FIG. 15 is close up perspective view of a cable
connector of the low-profile right-angle connector assembly
with the latch removed from the connector body; and

[0033] FIG. 16 is a close up perspective view of a cable
connector and latch removably engaged with a receptacle
housing of a board-mount connector shell or cover.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Thefigures described above and the written descrip-
tion of specific structures and functions below are not pre-
sented to limit the scope of what Applicants have invented or
the scope of the appended claims. Rather, the figures and
written description are provided to teach any person skilled in
the art to make and use the inventions for which patent pro-
tection is sought. Those skilled in the art will appreciate that
not all features of a commercial embodiment of the inventions
are described or shown for the sake of clarity and understand-
ing. Persons of skill in this art will also appreciate that the
development of an actual commercial embodiment incorpo-
rating aspects of the present inventions will require numerous
implementation-specific decisions to achieve the developer’s
ultimate goal for the commercial embodiment. Such imple-
mentation-specific decisions may include, and likely are not
limited to, compliance with system-related, business-related,
government-related and other constraints, which may vary by
specific implementation, location, and from time to time.
While a developer’s efforts might be complex and time-con-
suming in an absolute sense, such efforts would be, neverthe-
less, a routine undertaking for those of skill in this art having
benefit of this disclosure. It must be understood that the
inventions disclosed and taught herein are susceptible to
numerous and various modifications and alternative forms.
Lastly, the use of a singular term, such as, but not limited to,
“a,” 1s not intended as limiting of the number of items. Also,
the use of relational terms, such as, but not limited to, “top,”
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“bottom,” “left,” “right,” “upper,” “lower,” “down,” “up,”
“side,” and the like are used in the written description for
clarity in specific reference to the figures and are not intended
to limit the scope of the invention or the appended claims.

[0035] As shown in at least FIGS. 1 and 2, low-profile
right-angle electrical connector assembly 100 comprises six
board-mount connectors 102, six cable connectors 114, a
PCle bracket 132, and an EMI shell 134. Those having ordi-
nary skill in the art will understand, of course, that the EMI
shell 134 may be replaced with a non-EMI shell or cover as
needed in some applications. The six board-mount connec-
tors 102 are housed within EMI shell 134, which is braced by
PCle bracket 132. As shown in FIG. 2, bracket screws 138
pass through holes in EMI shell 134 and low-profile PCle
card 136 and are fastened to PCle bracket 132 by screwing
screws 138 into threaded holes in PCle bracket 132. The six
board-mount connectors 102 are secured to PCle card 136 by
soldering terminals 112 on the board-mount connectors into
plated-through holes on PCle card 136. Board-mount con-
nectors 102 have board-mount contacts 108 and can be either
male connectors where board-mount contacts 108 are pin
contacts, or board-mount connectors 102 can be female con-
nectors where board-mount contacts 108 are socket contacts
(as shown in FIG. 3). Likewise, cable connectors 114 have
cable contacts 126 and can be either male connectors where
cable contacts 126 are pin contacts (as shown in FIG. 5), or
cable connectors 114 can be female connectors where cable
contacts 126 are socket contacts.

[0036] Low profile PCle add-in cards are governed by the
industry standards set forth in the PCI Express® Card Elec-
tromechanical Specification. In particular the standard sets
forth height, length, width, and other form factor parameters
in the section titled “Add-in Card Form Factors and Imple-
mentation.”

[0037] As shown in FIG. 3, each board-mount connector
102 can include an LED 104. Seven lead frame assemblies
130 can be disposed within a housing 106. Each lead frame
assembly 130 comprises an overmolded lead frame 120 and
either a socket wafer 124 (as shown in FIG. 8) or a pin wafer
128 (not shown), depending on whether board-mount con-
nector 102 is male or female. Each overmolded lead frame
120 has four attachment terminals 112 and four attachment
tabs 110. The attachment terminals 112 extend from a side of
overmolded lead frame 120 that is perpendicular to the side
where the attachment tabs 110 are disposed. In one preferred
embodiment, a socket wafer 124 is attached to attachment
tabs 110. Extending from socket wafer 124 are four socket
contacts 108. Socket contacts 108 are desirably differential
pair socket contacts. As shown in at least FI1G. 8, each over-
molded lead frame 120 features a series of depressions 121.
The depressions 121 preferably follow the path of the elec-
trical leads through overmolded lead frame 120. Additionally,
depressions 121 create physical air pockets that decrease the
effective dielectric constant, thereby increasing the charac-
teristic impedance. Without the air pockets the characteristic
impedance would be lower than the desired value (typically
100 Ohms) and the spacing between the lead frames would
have to be increased in order to raise the impedance. Thus, the
presence of the air pockets allows adjacent overmolded lead
frames 120 to be positioned closer together, thereby resulting
in a tighter pitch. This tighter pitch contributes toward the
compactness of the invention and the ability to utilize this
configuration while meeting PCle low-profile industry stan-
dards. Decreasing the effective dielectric constant, thereby
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increasing impedance, results in the preservation of signal
integrity and fidelity while transmitting data at high speeds.

[0038] As shown in FIG. 3, in one preferred embodiment,
each board-mount connector 102 receives a cable connector
114. Cable connector 114 features a latch 118 and houses the
terminal ends of cable members 116. Cable members 116 can
be twin axial cables. As shown in FIGS. 5 and 6, each cable
member 116 terminates in two cable contacts 126. As shown
in FIG. 6, cable contacts 126 are desirably differential pair
contacts 140. In other words, each cable member 116 termi-
nates in one differential pair 140 of one positive and one
negative cable contact 126. As shown in FIG. 3, each cable
connector 114 houses the terminal ends (i.e., pair-pins) of
eight cable members 116. As shown in FIG. 7, ground strap
122 can secure two cable members 116 together. As shown in
FIGS. 5 and 6, ground strap 122 also has three ground pins
142 that separate the differential pairs 140 of each cable
member 116. The four cable contacts 126 of both cable mem-
bers 116 (two pair-pins per cable member) and the three
ground pins 142 of ground strap 122 pass through and are
secured by pin wafer 128. In the event that lead frame assem-
bly 130 comprises a pin wafer 128, then the four cable con-
tacts 126 of both cable members 116 and the three ground
pins 142 of ground strap 122 pass through and are secured by
a socket wafer 124.

[0039] As shown in FIGS. 4 and 5, board-mount connector
contacts 108 are adapted to receive cable contacts 126 and
ground pins 142. As shown in FIGS. 7 and 8, the attachment
tabs 110 of the first, fourth, and seventh overmolded lead
frames 120 are designed to receive signals from ground con-
tacts, such as ground pins 142. The attachment tabs 110 of the
second and fifth overmolded lead frames 120 are designed to
receive signals from positive contacts. The attachment tabs
110 of the third and sixth overmolded lead frames 120 are
designed to receive signals from negative contacts.

[0040] The electrical connector assembly 100 of the
present invention allows for an electrical connection to be
made from cable members 116 to a low profile PCle card 136.
A data signal travels from cable members 116 to cable con-
tacts 126 of cable connector 114. The data signal is transmit-
ted from cable contacts 126 to board-mount contacts 108 of
board-mount connector 102. The signal is then transmitted to
attachment tabs 110 and through overmolded lead frame 120
to attachment terminals 112. Finally, the signal is transmitted
from attachment terminals 112 to low profile PCle card 136.

[0041] The present invention provides forty-eight differen-
tial pairs for connector assembly 100 by using the six board-
mount connectors 102, each of which has eight differential
pairs. A low-profile PCle card with six connector allows the
implementation of multidimensional network topologies that
have well-known and documented benefits compared with
two-dimensional topologies in terms of latency and scalabil-
ity. For example, in many applications that use shared
memory, the possibility of implementing 3D topology in a
standard server can have significant benefits on overall per-
formance. In addition, the use of six connectors allows the
implementation of energy proportional computing topolo-
gies, like 3D torus, 6D hypercube, Flat Butterfly, and the like
in standard server based cluster environments. Specifically,
the present invention allows for transmission of six indepen-
dent concurrent packets with a PHY interface having four
lanes that is compliant with the PCle (Gen 2/3) Specification,
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Inifniband SDR and DDR PHY Specification, and other pro-
tocol PHY specifications, allowing for improved scalability
and reduced overall latency.

[0042] A connector assembly with only four board-mount
connectors can address 4 servers or nodes with the latency of
1 hop, 12 nodes with the latency of 2 hops, 24 nodes with the
latency of 3 hops, 40 nodes with the latency of 4 hops, and 60
nodes with the latency of 5 hops. On the other hand, the
present invention is able to address 6 servers or nodes with the
latency of a single hop, 24 nodes with the latency of2 hops, 62
nodes with the latency of 3 hops, 128 nodes with the latency
of 4 hops, and 230 nodes with the latency of 5 hops. Each
additional node addressed adds latency to the operation.
While a connector with only four board-mount connectors
can address 60 nodes with a latency of 5 hops, the present
invention is capable of handling the same number of nodes
with the latency of only 3 hops. Thus, the present invention is
capable of decreasing the median latency by reducing the
number of hops needed to address a given number of nodes as
shown in Table 1 below, or alternatively, provide more effi-
ciency or improved scalability at the same latency.

TABLE 1
4 connectors 6 connectors
Server/Nodes Hops Server/Nodes Hops
4 1 6 1
12 2 24 2
24 3 62 3
40 4 128 4
60 5 230 5

[0043] The fact that datacenter computers rarely operate at
full utilization has led to a number of proposals for creating
servers that consume energy proportionally to the computa-
tions that they are performing. As servers themselves con-
sume energy more proportionally, the datacenter network can
more efficiently use cluster power (up to 50%). A datacenter
network based on complex multidimensional topology, such
as a 3D Torus topology, uses less hardware than a folded-Clos
network of equivalent size and performance. This reduction
in hardware usage itself results in a more power-efficient
network and lower operating expenditures. Accordingly, net-
works based on complex multidimensional topology, such as
a 3D Torus topology, are becoming more prevalent and utilize
different protocols such as PCle and InfiniBand.

[0044] Three-dimensional topologies, such as a 3D Torus
topology, are orthogonal topologies that map the network on
the standard X, Y, Z Cartesian axes. In such a topology, each
server is directly connected to six other servers ideally
arranged into a physical space in manner that mirrors their
logical connection in the network on the standard X, Y, Z
Cartesian axes. This arrangement helps to simplify the calcu-
lation and the visualization of the network structure. Each
axis requires two links, one positive and one negative, and
thus, each axis needs two connectors, which translates into a
total of six connectors for all three axes. Therefore, a PCle
board would require a total of six connectors to implement a
network with a 3D Torus topology (X-, X+, Y-, Y+,7Z-, 7Z+).
Each of these connectors must be created with an equal num-
ber of differential pairs. The present invention utilizes eight
differential pairs for each link and is capable of accommodat-
ing a variety of PHY protocols, including Infiniband, 10 Gbit
Ethernet PCle networks, and HyperShare.
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[0045] A connector assembly with only four connectors
could not implement a network with a 3D Torus or other
three-dimensional network topology. The six connectors
required to implement a three-dimensional topology have
traditionally been housed in full-size PCle form-factor cards.
These full-size cards do not fit into more popular low-profile,
high-density servers. The present invention provides a solu-
tion to this issue with a low-profile connector assembly that
contains six connectors. Therefore, the present invention
allows the introduction of three-dimensional Torus networks
and other similar topologies (such as flat butterfly networks)
into modern datacenters, where low-profile, high-density
servers are used to reduce the servers’ physical square footage
use.

[0046] Stated in other terms, the present invention’s use of
six connectors provides the ability to implement a three-
dimensional grid network topology. A grid network is a type
of network system comprising multiple computer systems
that are connected to one another in a grid topology. Each
computer system serves as a node in the grid topology. In a
one-dimensional grid network, the nodes are connected in a
loop or a ring. A multi-dimensional grid network is often
referred to as a “torus.”” A connector assembly with four
connectors allows for the implementation of a grid network
topology where the nodes are connected in two dimensions,
and the resulting grid topology can be referred to as a two-
dimensional mesh torus. Two connectors correspond to each
dimension. An additional two connectors are required to
implement a three-dimensional torus. The present invention
provides six connectors and thus the ability to implement a
three-dimensional torus. Because the present invention pro-
vides modular connectors, it can be used with the develop-
ment of various new grid topologies, such as flat butterfly and
hypercube networks.

[0047] The present invention provides a connector assem-
bly that is capable of fitting six connectors (each with eight
differential pairs) within the low profile PCle standard
bracket. As a result, the present invention provides the ability
to use a three-dimensional torus network topology on a high-
density server. Currently, other connector assemblies are
unable to provide the ability to implement a three-dimen-
sional torus topology on a high-density server. Therefore, the
present invention provides improved networking benefits
associated with a three-dimensional torus, including higher
data transmission rate, lower latency, lower infrastructure
costs, lower power consumption, lower operating costs, flex-
ible scalability, simplified cabling, improved fault tolerance,
and improved reliability.

[0048] Alternative embodiments of the invention achieve
the required forty-eight differential signal pairs using differ-
ent combinations of connectors and differential pairs. For
example, one alternative embodiment could contain twelve
connectors featuring four differential signal pairs each. As
another example, an alternative embodiment could contain
three connectors featuring sixteen differential pairs each. As
an additional example, an alternative embodiment could con-
tain two connectors featuring twenty-four differential pairs
each. In these alternative embodiments the number of cable
connectors could be adjusted to match the number of connec-
tors present in the connector assembly.

[0049] As alluded to above, in some embodiments, a latch
118 may be provided on each cable connector 114 to help
physically secure the cable connector 114 relative to a respec-
tive board-mount connector 102. In accordance with the dis-
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closed embodiments, the latch 118 may be removed and
replaced as needed, for example, for breakage or wear and
tear. Referring back to FIG. 1, in general, the latch 118 is
designed to latch or otherwise catch onto the receptacle hous-
ing 150 of the EMI shell 134 (or connector cover) and may be
made, for example, from a thin sheet of resilient material that
imparts a spring-like property to the latch 118. The spring-
like property allows the latch 118 to be readily deformed
when pressure is applied, then return back substantially to its
original shape when the pressure is removed. The types of
resilient materials from which the latch 118 may be made may
include various metals and metal alloys, for example, stain-
less steel, Copper-Beryllium, brass, as well as certain types of
plastics, and the like. It is of course also possible to spring
load the latch 118 in some cases in order to achieve a spring-
like property for the latch 118.

[0050] As can be seen in FIG. 1, the EMI shell 134 (or
connector cover) may include a receptacle housing 150 for
receiving the cable connectors 114, and the latch 118 of each
cable connector 114 may latch onto the receptacle housing
150. Such a receptacle housing 150 may be made of an
electrically conductive material where the EMI shell 134 is
used, or it may be made of an electrically nonconductive
material where a connector cover is used instead of the EMI
shell 134. In either case, the receptacle housing 150 may be
formed in some embodiments as an integral extension of the
EMI shell 134. Alternatively, the receptacle housing 150 of
the EMI shell 134 may be provided as a discrete component
that may then be attached to the EMI shell 134 in a manner
known to those having ordinary skill in the art (e.g., soldered,
etc.). Similarly, in some embodiments, the receptacle housing
150 of the EMI shell 134 may be a unitary receptacle that is
sized and shaped to receive up to six cable connectors 114, as
depicted in FIG. 1, or it may be composed of several (e.g.,
two, three, four, five, six, seven, eight, nine, ten, etc.) indi-
vidual receptacles disposed adjacent one another, each recep-
tacle configured to receive one cable connector 114.

[0051] As shown more clearly in FIG. 2 and FIG. 10, in
some embodiments, the receptacle housing 150 of the EMI
shell 134 may include a plurality of spaced apart connector
guides 152 that help position the cable connectors 114 as they
are inserted into the board-mount connectors 102. The con-
nector guides 152 may extend a predefined distance from the
top inner surface of the receptacle housing 150 down toward
the bottom inner surface of the receptacle housing 150 and
may, or may not, touch the bottom inner surface of the recep-
tacle housing 150. Latch openings 154 may then be formed in
the top wall of the receptacle housing 150 for engaging the
latches 118 of the cable connectors 114 as they are inserted
into the board-mount connectors 102. The latch openings 154
may be formed in the receptacle housing 150 using any
method known to those having ordinary skill in the art, such
as by cutting, stamping, punching, die casting, and the like,
and may be sized and shaped as needed to effectively engage
the latches 118 of the cable connectors 114. In the embodi-
ment shown, there may be six latch openings 154 in the
receptacle housing 150, one latch opening 154 for each latch
118 for up to six cable connectors 114.

[0052] A more detailed view of an exemplary latch 118
may be seen in FIGS. 3 and 11 according to the disclosed
embodiments. In some embodiments, the latch 118 may be
mounted or otherwise disposed lengthwise between two lon-
gitudinally extending ridges 156 formed parallel to one
another on the top of the cable connector 114. The ridges 156
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may be spaced apart a predefined distance so as to provide
enough space for receiving the latch 118 lengthwise therebe-
tween, and each ridge 156 may have a predefined width such
that for each cable connector 114, both ridges 156 just fit
between the same two adjacent connector guides 152 of the
receptacle housing 150 (given real-world manufacturing tol-
erances), resulting in precise and controlled insertion of the
cable connector 114 in the corresponding board-mount con-
nector 102. Those having ordinary skill in the art will under-
stand, of course, that the degree of precision here and
throughout the present disclosure is subject to real-world
manufacturing capabilities and tolerances. In some embodi-
ments, the ridges 156 may be chamfered on one or more sides
(not specifically referenced) to help facilitate insertion of the
cable connector 114 into the receptacle housing 150.

[0053] As canbe seen in FIG. 11, the exemplary latch 118
may generally be composed of three main sections: a top or
head section 158, a bottom or base section 160, and a body
section 162 connecting the head section 158 and the base
section 160. When mounted or otherwise disposed on the
cable connector 114, the head section 158 of the latch 118 is
elevated relative to the cable connector 114 and is generally
even with the top of the ridges 156, while the base section 160
of'the latch 118 rests on the cable connector 114, and the body
section 162 extends diagonally therebetween.

[0054] A latch stop 164 may be provided in some embodi-
ments that protrudes up from the head section 158 of the latch
118. Such a latch stop 164 is designed to catch the leading
edge of the latch opening 154 in the receptacle housing 150
when the cable connector 114 is connected to the board-
mount connector 102, thereby preventing the latch 118, and
hence the cable connector 114, from becoming inadvertently
unplugged from the board-mount connector 102. In some
embodiments, the latch stop 164 may be formed by partially
punching a geometric shape, such as a square, circle, or the
like, from the head section 158 so that only a portion (e.g.,
half] three quarters, etc.) of the geometric shape pokes out
from the head section 158. Other shapes for the latch stop 164
may of course be used, such as the rectangular-shaped latch
stop 164 shown in FIG. 11 or the hemispherical or ovoid-
shaped latch stop 164 depicted in FIG. 12, without departing
from the scope of the disclosed embodiments.

[0055] FIGS. 13A-13C illustrate a perspective view, top
view, and side view, respectively, of the various sections of the
latch 118 in more detail according to the disclosed embodi-
ments. As mentioned earlier, the latch 118 may generally be
cut, stamped, punched, or the like, from a thin sheet of resil-
ient material, such as metal, metal alloy, plastic, and the like,
that imparts a spring-like property to the latch 118. Depend-
ing on the particular application, the latch 118 may be flat,
curved, or it may be flat with one or more bends therein. An
example of the latter case can be seen in FIG. 13C, where
there is a bend of a predefined angle X between the head
section 158 and the body section 162, and another bend of'a
predefined angle Y between the body section 162 and the base
section 160. The predefined angles X and Y may be selected
as needed by those having ordinary skill in the art to suit a
particular application, but in one embodiment, the predefined
angles are chosen so that the head section 158 and the base
section 160 are generally parallel to one another while the
body section 162 forms an interconnecting diagonal therebe-
tween.

[0056] As depicted in FIGS. 13A-13C, one of several
attachment mechanisms may be provided on the latch 118 to
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help secure the latch 118 to the cable connector 114 in a
removable manner. In one embodiment, the attachment
mechanisms may include an anchor tab 166 on the body
section 162 of the latch 118 formed by partially cutting or
punching through a geometric shape, such as a rectangle, so
that the anchor tab 166 is generally parallel with the head
section 158 and the base section 160. Such an anchor tab 166
may then be used to secure the latch 118 in place and help
prevent unwanted movement of the latch 118 back and forth
and side to side. To this end, the anchor tab 166 may be
provided with an anchor opening 168 that may be lowered
over and around a stump-like latch anchor 170 protruding
from the top surface of the cable connector 114 (see FIG. 12).
Such an anchor opening 168 may have approximately the
same size and shape as the outline of the latch anchor 168
when viewed from above (i.e., plan view), resulting in a flush
or precise fit for the anchor opening 168 around the latch
anchor 170 when the anchor opening 168 is lowered over the
latch anchor 170 (keeping in mind real-world manufacturing
capabilities and tolerances) to thereby hold the latch 118 in
proper position on the cable connector 114.

[0057] Examples of the latch anchor 170 are illustrated in
FIGS. 14A-14C. As can be seen in FIG. 14A, in one embodi-
ment, the latch anchor 170 may have a wedge-like shape that
allows the anchor opening 168 of the anchor tab 166 to slide
up the inclined face of the wedge-like latch anchor 170 and
then drop down around the latch anchor 170. This is depicted
in FIG. 14B, which is a side view of the anchor tab 166
disposed over and around the latch anchor 170 and thus held
substantially immovable by the latch anchor 170. FIG. 14C
illustrates another, different implementation of the latch
anchor 170, this one having a generally circular shape. Other
latch anchor 170 implementations may be contrived by those
having ordinary skill in the art without departing from the
scope of the disclosed embodiments. For example, it is pos-
sible to have a latch anchor 170 that is the same height all the
way around, in which case the anchor opening 168 would
need to be lowered in place around the latch anchor 170
instead of sliding up and dropping down around it.

[0058] A close or precise fit between the anchor opening
168 and the latch anchor 170 is not necessary for all imple-
mentations. In some embodiments, for example, the latch
anchor 170 may have a fully extending ramp on the side
proximal to the base section 160, as shown in FIG. 15, to
allow the anchor tab 166 to more easily slide up and over the
latch anchor 170 (i.e., without the initial ledge of the wedge-
like latch anchor 170 above). In such embodiments, the latch
anchor 170 prevents the latch 118 from sliding back toward
the base section 160, but it may be necessary to provide an
additional attachment mechanism to prevent the latch 118
from sliding forward toward the head section 158.

[0059] Referring again to FIGS. 13A-13C, in some
embodiments, the additional attachment mechanism may be
provided in the form of one or more hooks 172, which may be
semicircular, extending from the base section 160 at the end
of'thelatch 118. The one or more semicircular hooks 172 may
then be snapped onto or otherwise engaged with one or more
rounded or semi-cylindrical hook supports 174 provided in
the cable connector 114, as shown in FIG. 15, to secure the
latch 118 against movement in the direction toward the head
section 158. Naturally, the number of hook supports 174
present, which is two in the embodiment of FIG. 15, corre-
sponds to the number of semicircular hooks 172 provided.
Although not necessary, in some embodiments, each of the
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hook supports 174 may be formed within a pocket area 176 in
the cable connector 114 that may be sized and shaped (e.g.,
cuboid) to help guide the snapping thereon of the semicircular
hooks 172 during assembly.

[0060] Referring still to FIGS. 13A-13C, in some embodi-
ments, in addition to, or instead of, the semicircular hooks,
one or more latch guides 178 may be provided on the sides of
the base section 160 as an attachment mechanism. The one or
more latch guides 178 may then be fitted into and slid along
one or more slots 180 formed in the ridges 156 of the cable
connector 114, as shown in F1G. 15, to limit the movement of
the latch 118 in toward the head section 158. The one or more
longitudinal guides (and the one or more semicircular hooks
172 as well) also help to retain the latch 118 on the cable
connector 114 by keeping the latch 118 from coming up off
the cable connector 114.

[0061] A fully assembled cable connector 114 and latch
118 having the features described above may be seen in FIG.
12. To remove the latch 118 from the cable connector 114, for
example, due to breakage or wear and tear, one of ordinary
skill in the art may use a small flathead screwdriver or similar
implement to lever or otherwise lift the anchor tab 166 up off
the latch anchor 170 and thereafter slide the latch 118 off the
cable connector 114 in the direction of the base section 160.
Note that the embodiment of FIG. 12 is exemplary only, and
that one or more of the features described above may be
modified or omitted entirely, depending on the particular
applications, manufacturing techniques and tolerances used,
types of materials employed, and the like without departing
from the scope of the disclosed embodiments.

[0062] FIG. 16 illustrates the assembled cable connector
114 and latch 118 engaged within the latch opening 154 of the
receptacle housing 150. As can be seen, when engaged in this
manner, the latch stop 164 abuts against the leading edge 182
of the latch opening 154 to prevent the cable connector 114
from being inadvertently pulled out. Depressing the head
section 158 of the latch 118 releases the latch stop 164 from
the latch opening 154 and allows the cable connector 114 to
be unplugged from the board-mount connector 102.

[0063] The invention has been described in the context of
preferred and other embodiments and not every embodiment
of the invention has been described. Obvious modifications
and alterations to the described embodiments are available to
those of ordinary skill in the art. The disclosed and undis-
closed embodiments are not intended to limit or restrict the
scope or applicability of the invention conceived of by the
Applicants, but rather, in conformity with the patent laws,
Applicants intend to protect fully all such modifications and
improvements.

1. An electrical connector assembly affording a right angle
electrical connection to a low profile PCle printed circuit
board, said connector assembly comprising:

at least one board-mount connector;

at least one cable connector detachably coupled to said at

least one board-mount connector; and

a PCle bracket; and

wherein the at least one board-mount connector contains a

total of forty-eight differential signal pairs.

2. The electrical connector assembly of claim 1 wherein the
differential signal pairs are pin contacts.

3. The electrical connector assembly of claim 1 wherein the
differential signal pairs are socket contacts.
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4. The electrical connector assembly of claim 1 wherein the
at least one cable connector is a male connector having pin
contacts.

5. The electrical connector assembly of claim 1 wherein the
at least one cable connector is a female connector having
socket contacts.

6. The electrical connector assembly of claim 1 wherein the
at least one board-mount connector comprises seven over-
molded lead frame assemblies.

7. The electrical connector assembly of claim 6 wherein
each one of the seven overmolded lead frame assemblies
comprises a lead frame and a pin wafer.

8. The electrical connector assembly of claim 6 wherein
each one of the seven overmolded lead frame assemblies
comprises a lead frame and a socket wafer.

9. The electrical connector assembly of claim 1 wherein the
at least one board-mount connector comprises an LED.

May 16, 2013

10. The electrical connector assembly of claim 1 wherein
the at least one cable connector comprises a latch.

11. The electrical connector assembly of claim 1 wherein
the at least one cable connector comprises a ground strap
having three ground tabs and secures two cable members
together.

12. The electrical connector assembly of claim 6 wherein
said seven overmolded lead frames assemblies further com-
prise a depression.

13. The electrical connector assembly of claim 1 compris-
ing two board-mount connectors.

14. The electrical connector assembly of claim 1 compris-
ing three board-mount connectors.

15. The electrical connector assembly of claim 1 compris-
ing six board-mount connectors.

#* #* #* #* #*
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