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CIRCUIT BOARD BYPASS ASSEMBLIES AND COMPONENTS THEREFOR

RELATED APPLICATIONS

{0061} This application claims priority to the following: prior U.S. provisional patent
application No. 62/102,045, filed January 11, 2015 entitled “The Molex Channel”; prior US
provisional patent application No. 62/102,046, filed Fanuary 11, 2015 entitled “The Molex
Channel”; prior U S, provisional patent application No. 62/102,047, filed January 11, 2015
entitled “The Molex Chanunel”; prior U.S. provisional patent application No. 62/102,048 filed
January 11, 2015 entitled “High Speed Data Transmission Channel Between Chip And
External Interfaces Bypassing Circuit Boards”™; prior U.S. provisional patent application No.
62/156,602, filed May 4, 2015, entitled “Free-Standing Module Port And Bypass Assemblies
Using Same”, prior U.S. provisional patent application No. 62/156,708, filed May 4, 2015,
entitted “Improved Cable-Direct Connector”; prior U.S. provisional patent application No.
62/156,587, filed May 4, 2015 entitled “LED Indicator Light Assembly for Module Ports and
Ports Incorporating Same”; prior U.S. provisional patent application No. 762/167,036, filed
May 27, 2015 entitied “Wire to Board Connector with Wiping Feature and Bypass
Assemblies Incorporating Same”, and, prior US. provisional patent application No.
62/182,161, filed June 19, 2015 entitled “Wire to Board Connector with Compliant Contacts
and Bypass Assemblies Incorporating Same”, all of which are tncorporated herein by

reference in their entirety.

TECHNICAL FIELD

{0002]  This disclosure relates to field of high frequency signaling
DESCRIPTION OF RELATED ART

{0003]  The Present Disclosure relates generally to high speed data signal transmission line
systems suitable for use in transmitting high speed signals at low losses from chips, or
processors and the hike to backplanes, mother boards and other circuit boards, and more
particularly to an assembly that interconnects the chip package of a device to entry and exit
connectors without utilizing traces on a circuit board, shielded connector ports for the entry

and/or exit connectors, heat sinks for the connector ports, cable-direct connectors utilized in
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the shielded connector ports and indicator light assemblies utilized with the connectors and

connector ports..

{0004} Electronic devices such as routers, servers, switches and the like need to operate at
high data transmission speeds in order to serve the rising need for bandwidth and delivery of
streaming audio and video in many end user devices. These devices use signal transmission
lines that extend between a primary chip member mounted on a printed circuit board {mother
board) of the device, such as an ASIC, FPGA, etc. and connectors mounted to the circuit
board. These transmission lines are formed as conductive traces on or in the mother board

and extend between the chip member(s) to external connectors or circuitry of the device.

{6005}  Typical circuit boards are usually formed from an inexpensive material known as
FR4, which is inexpensive. Although inexpensive, FR4 s known to be lossy in high speed
signal transmission lines which transfer data at rates of about 6 Ghps and greater (e.g., above
3 GHz signaling frequencies). These losses increase as the frequency increases and therefore
make FR4 material undesirable for the high speed data transfer applications at signaling
frequencies of about 10 GHz and greater. In order to use FR4 as a circuit board material for
high frequency signal transmission lines, a designer may have to utilize amplifiers and

equalizers, which increase the final cost of the device.

{0006}  The overall length of the signal transmission lines in FR4 circuit boards can exceed
threshold lengths, about 10 inches, and may include bends and turns that can create signal
reflection and noise problems as well as additional losses. Losses can sometimes be
corrected by the use of amplifiers, repeaters and equalizers but these elements also increase
the cost of manufacturing the final circuit board. This complicates the layout of the circuit
board as additional board space is needed to accommodate these amplifiers and repeaters. In
addition, the routing of signal transmission lines in the FR-4 material may require multiple
tums. These turns and the transitions which occur at termination points along the signal
transmission lines may negatively atfect the integrity of the signals transmitted thereby. It
then becomes difficult to route transmission line traces in a manner to achieve a cousistent
impedance and a low signal loss therethrough. Custom materials, such as Megtron, are
available for circuit board construction which that reduce such losses, but the prices of these
materials severely increase the cost of the circuit board and, consequently, the electronic

devices in which they are used.
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{00067}  Integrated circuits (often referred to as chips) are the heart of these electronic
devices. These chips typically include a processor such as an application specific integrated
circuit {ASIC) chip and this ASIC chip has a die that can be connected to a substrate (its
package) by way of conductive solder bumps. The package may include micro-vias or plated
through holes which extend through the substrate to solder balls. These solder balls can
comprise a ball grid array by which the package is attached to the motherboard. The
motherboard includes mumerous traces which designated define transmission lines that
include differential signal pairs, ground paths associated with the differential signal pairs, and
a variety of low speed transmission lines for power, clock signais and other functions. These
traces are routed from the ASIC to the /O connectors of the device into which external
connectors are connected, as well as others that are routed from the ASIC to backplane
connectors that permit the device to be comnected to an overall system such as a network
server or the like, or still others that are routed from the ASIC to components and circuitry on

the motherboard or another circuit board of the device.

{0008]  FRA4 circuit board materials can handle data transmission speeds of 10Gbits/sec,
but this handling comes with disadvantages. Increased power is required to transmit signals
over longer trace lengths, so designers find it difficult to provide “green” designs, as low
power chips cannot effectively drive signals for such lengths. The higher power needed to
drive the high speed signals over these lengths consumes more electricity and generates more
heat that must be dissipated. Accordingly, these disadvantages turther complicate the use of
FR4 as a motherboard material used in electronic devices. Using more expensive, and exotic
motherboard materials, such as Megtron, to handle the high speed signals at more acceptable
fosses increases the overall cost of electronic devices. Notwithstanding the low losses
experienced with these expensive materials, they still require increased power to transmit
their signals and incurred, and the turns and crossovers required in the design of lengthy
board traces create areas of signal reflection and potential increased noise. Consequentially,

certain individuals would appreciate turther improvements.

SUMMARY

{000%]  In accordance with the Present Disclosure, a bypass assembly is used to provide a
high speed data transmission line extending between a device chip or chip set and backplanes

or circuit boards. The bypass cable assemblies include cables which contain signal
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transmission lines that avoid, or bypass, the disadvantages of circuit board construction, no
matter the material of construction, and which provide independent signal paths which have a
consistent geometry and structure which resists signal loss and maintains 1mpedances at

acceptable levels.

{6010}  In such applications, an integrated circuit having the form of a chip, such as an
ASIC or FPGA, is provided as part of an overall chip package. The chip 1s mounted to a
package substrate by way of conventional solder bumps or the like and may be enclosed
within and integrated to the substrate by way of an encapsulating material that overlies the
chip and a portion of the substrate. The package substrate has traces, or leads, that extend
from the solder bumps on the chip bottom to a termination area on the substrate. Cables
which are terminated to the substrate at their near ends, are used to connect the chip circuits
to external interfaces of the device in which the chip is used, such as V(O connectors,

backplane connectors and circuit board circuitry.

{0011}  The chip package may include a plurality of contacts in the form of solder balls
disposed on the underside of a chip package for providing connections to and trom logic,
clock, power and low-speed and high speed signal circuits to traces on the motherboard of a
device in which the chip package is used. The contacts associated with the high speed signal
circuits of the chip are removed from the bottom of the chip package inasmuch as the high
speed traces are no longer routed to the bottom of the chip package. Some traces of the chip
package may continue to be routed to the botiom of the package such as clock signals, logic
signals, low speed signals and power. The termination locations for these traces are easily
routed on the top of the chip package substrate where they can be easily connected to cables
in a manner that maintains the geometry of the cable signal transmission lines. The high
speed signal traces of the chip package are no longer routed through plated through holes,
micro-vias, solder balls or a multilayer circuit board. Such a bypass assembly removes the
signal transmission lines from the motherboard, not only alleviating the loss and noise
problems referred to above, but also freeing up considerable space (i.e, real estate) on the
motherboard, while permitting low cost circuit board materials, such as FR4, to be used for

its construction.

{0012]  Cables utilized for such assemblies are designed for differential signal transmission

and preferably are twin-ax style cables that utilize pairs of signal conductors encased within
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dielectric coverings to form two wires, or a signal wire pair. The wire pairs may include
associated drain wires and the three constituent wires of each such signal pair may further be
enclosed within an outer shield in the form of a conductive wrap, braided shield or the like.
In some instances, the two conductors may be encased in a single dielectric covering. The
spacing and orientation of the wires that make up each such wire pair can be easily controlled
in a manner such that the cable provides a transmission line separate and apart from the
circuit board, and which may extend between a chip, chip set, component and a connector
location on the circuit board or between two locations on the circuit board. The ordered
geometry of the cables as signal transmission lines components is very easy to maintain and
with acceptable losses and noise as compared to the difficulties encountered with circuit

board signal transmission lines, no matter what the material of construction.

{0013}  First ends of the wire pairs are typically terminated to corresponding chip packages
and second ends these wire pairs are terminated directly to terminals of entry or exit port
connectors, such as /O and backplane connectors.  In at least the terminations to ong set of
the connectors, the second ends of the wire pairs are terminated in a manner and spacing that
emulates the ordered geometry of the cable so that crosstalk and other deleterious factors are
kept to a minimum at the connector location and all of the connector terminals have the same
length. The free ends of the signal terminal pairs are arranged in desired spacings and
include associated grounds so that the ground associated with each wire pair may be
terminated to a corresponding ground of the counnector to define an associated ground that
extends the entire length of the cable and its connector. This arrangement will provide
shielding, and reduction of cross talk, by defining a ground plane to which the signal
terminals can couple in common mode, while pairs of signal terminals can couple together in
differential mode. The termination of the cable wires to the connectors 15 done in a manner
such that to the extent possible, a specific desired geometry of the signal and ground

conductors in the cable is maintained through the termination of the cable to the connector.

i0014] A single chip package may be provided that includes an integrated circuit mounted
to a substrate. The substrate has termination areas to which first ends of a plurality of twin-ax
cables are terminated. The lengths of the cables may vary and will be fong enough for some
of the cables to be easily and reliably terminated to first external wnterfaces in the torm of a
single or multiple VO stvle connectors of the present disclosure which are part of an external

connector port of either, or both of the entry and exit connectors. These connectors may be

P
¥4
]
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preferably mounted to a panel of the host device in a fashion that permits external connectors,
such as plug connectors or pluggable moduies to be mated therewith. The assemblies of the
present disclosure may have their cables extend between entry connectors of the device and
the chip package formed as an integrated assembly, or they may further include additional
cables that extend between the chip package and exit connectors of the device. The first ends
of the bypass cables may be configured so that they may be nserted into connectors on the
chip packages so as to have “plug and play” capability. In this manner, the external
connector ports can be inserted into the host device as single or ganged elements, each
containing one or more signal fransmission channels. The chip package may be supported
within the housing of the device either solely or by way of standoffs or other similar

attachments to a low cost, low speed motherboard.

{0015} Removing the signal transmission lines from the chip to the external connector
ports off of the motherboard in this manner frees up space on the motherboard which can
accommodate additional functional components to provide added value and function to the
device, while maintaining a cost that is lower than a comparable device that utilizes the
mothetboard for signal transmission hines.  Furthermore, incorporating the signal
transmission lines in the cables of the bypass assembly reduces the amount of power needed
to transmit high speed sigoals from the chip packages to the external connectors, thereby
increasing the “green” value of the bypass assembly and reducing the operating cost of

devices that use such bypass assemblies.

{0016} The cables extending between connectors of the present disclosure and the chip
packages are of the "twin-ax" style, with two wires each with a signal conductor running
lengthwise of the wire, enclosed in a dielectric covering. The pairs of wires are preferably
terminated to receptacle connectors at the proximal ends of the cables and at their distal ends
directly to the chip packages. The receptacle connectors are preferably contained within a
port structure, such as a cage, adapter frame or the like and cooperate with the port structure
to define a shielded module housing configured to receive an external connector, such as a
pluggable module. The second ends of the cable wires are terminated directly to the
terminals and grounds of the receptacle connectors, and the cables are preferable held in
wafer-like supports to define terminal rows on opposing sides of card-receiving slots of the
receptacle connectors. The cables exit the port structure through the rear wall thereof. By

using this direct connection between the cable wires and receptacle connectors, a designer

-6 -
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can avoid using connectors with right angle board connectors, which are known to create
noise and impedance problems. The signal and ground terminals of this cable-direct
connector all extend horizontally and are of the same length. This substantially removes the
signal tntegrity and impedance discontinuity problems associated with right-angle connectors,

which include terminals of different lengths.

{0617}  Because the receptacle connectors are contained entirely within the port structure
and not directly connected to a circuit board, the bottom wall of the housing can be
continuous in its extent completely seal off the bottom of the housing which greatly improves
the EMI performance of the connector port. The use of press-fit pins to mount the connector
ports are also eliminated. Pairs of connector elements in the form of wafers are provided
which fit into an opening in the rear of the receptacle connector. A primary ground plane is
provided between the connector elements to block signal interference, such as crosstalk,
between the signal terminals of the two connector elements.  Accordingly, the connector
ports of the present disclosure may be mounted individually to a face panel or a wall of the
host device, or even interconnected with other ports to form an integrated assembly of ports
that are suitable for vertical or horizontal stacking Furthermore, if desired, the connector
port can be positioned within the host device as an internal transition connector that can be
supported on a circuit board, on standoffs or other supports or stand alone. This structure
defines connector ports with high speed connectors that form signal transmission lines useful
for high speed data applications at 10 Gbps or above and with low loss characteristics which

bypasses circuit traces on the host device circuit board.

{0018}  The operational speeds of the devices in which the above-described assemblies are
use operate at high data transmission speeds and accordingly, generate heat during data
transmission. The shielded connector port of the present disclosure may further include a
heat sink assembly that extends into an interior portion of the housing and which is
configured to make contact with the mating module inserted into the bousing. The housing
includes walls that cooperatively define the interior which houses a receptacle connector.
Inasmuch as these housings may often be mouunted along a face panel of the host device, a
heat sink assembly is provided that includes a transfer portion which makes contact with the
mating module 1userted into the housing, and a dissipating portion connected thereto, which
is uniquely spaced apart from the transfer portion in a horizoutal direction. In this manner,

the heat-dissipating portion extends rearwardly of the shielded housing and will include

-7
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downward facing fins. This structure takes advantage of the open space behind the housing

and may provide a reduction in overall height of the host device.

{0019]  In order to provide indicator lights for use in association with the above described
connectors ports that utilize the aforementioned heat sinks, an indicator light arrangement
may be utilized that has a plurality of LEDs, either free standing or aggregated together in the
form of a light bar which is mounted to the connector port proximate to the face panel or
bezel of the host device. The LEDs are connected by flexible wires to circuits in the circuit
board, and the wires permit flexibility in connecting the LEDs to circuitry which does not
require ancillary structural supports as is the case with light pipes. The light bar may include
one or more retaining clips, or arms, which are used to hold the heat transfer member of the

heat sink, saving manufacturing cost by integrating the two members together.

{6020}  This type of connection permits unobstructed airflow through an associated heat
sink supported by the housing, furthers frees up space in the circuit board behind the housing,
and saves cost in routing the mother board as the LEDs are no longer positioned behind,
underneath or alongside the housing. This structure does away with the need for support
members that attach to the cage to support conventional light pipes and thereby opens up the
areas above and alongside the connector ports so that they can be stacked vertically or
horizontally more easily. Still further such a structure permits the connector port to be used
as a free-standing housing not supported by a circuit board as the internal receptacle
connector has directly connected to its terminals, thereby eliminating impedance
discontinuities normally associated with connector terminations to circuit board. The
placement of the LEDs without using light pipes or any sort of elongated light transmission

member also reduces the likelihood of crosstalk from occurring.

{0021}  All of the components can be combined together in a manner so that the cables,
cable-direct connector, connector housing, heat transfer member and indicator hight bar all
cooperatively form an integrated assembly that may be connected directly to a chip package
to define a high speed transmission channel assembly that does not utilize lossy traces on a
circuit board.  Such a transmission channel assembly may alsc include a preselected chip in
the chip package so that the entire assembly can be plugged into a host device after the bulk

of the device has been fabricated. The use of integrated assemblies such as those described
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herein reduces the number of assembly steps and the cost of manufacturing of the host

devices.

BRIEF BESCRIPTION OF THE DRAWINGS

{0022}  The present invention 1s illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements and in

which:

{00237 FIG. 1 is a perspective view of an electronic device, such as a switch, router or the
like with its top cover removed, and illustrating the general lavout of the device components

and a bypass cable assembly in place therein;

{0024} FIG. 2 is the same view as FIG. 1, with the bypass assembly removed from within

the device for clarity;
{0025}  FIG. 2A 1s a perspective view of only the bypass assembly of FIG. 2;

{0026} FIG. 2B is the same as FIG. ZA, but with the chip package substrate and/or

encapsulant removed for clarity;

00271  FIG. 2C is an enlarged detail view of the termination area surrounding one chip

used in the bypass assembly of FIG. 1;

[0028] FIG 2D is a perspective view of the end of a twin-ax cable used in the bypass

assemblies of the present disclosure;

{00291  FIG 3Ais a schematic cross-sectional view of a known structure traditionally used
to connect a chip package to a motherboard in an electronic device such as a router, switch or

the like, by way of traces routed through or on the motherboard;

{0030} FIG. 3B is a schematic cross-sectional view, similar to FIG. TA, but llustrating the
structure of bypass assemblies such as that lustrated in FIG. 1, which are used to connect a
chip package to connector ports or other connectors of the device of FIG. 1, utilizing cables
and consequently eliminating the use of conductive traces as signal transmission lines on the

motherboard as illustrated in the device of FIG. 1;
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{0031} FIG. 4 is a perspective view of a cable-direct connector assembly constructed in

accordance with the principles of the present disclosure;

{0032] FIG. 4A s a sectional view of the connector assembly of FIG. 4, taken along lines

A-A thereof’

00331 FIG. 5 1s an exploded view of a connector housing and the cable-direct connector

assembly of FIG. 4;

{0034] FIG 5A s the same as FIG. S, but with the receptacle connector in place within the

housing and the bottom fixed to the sidewalls of the housing;

{0035]  FIG. 6 is a perspective view taken from the bottom, of the connector housing of
FIG. 5, with the bottom wall removed and the connector asserbly removed out from inside

of the housing;

{0036] FIG. 6A is the same view as FIG. 6, but with the connector assembly in place

within the connector housing;

{0037] FIG. OB is the same view as FIG. 6A, but with the bottom wall in place to seal the

cable direct connector assembly in the connector housing;
{6038}  FIG. 7 is a partially exploded view of the connector assembly of FIG. 4;
{6039}  FIG. 8 1s a more tully exploded view of the connector assembly of FIG. 7;

{0040] FIG B8A 15 an exploded view of one terminal array of the connector assembly, its
associated ground plates and a set of corresponding cables and wires used in the connector

assembly of FIG 4;

{0041} FIG. 8B i1s the same view as FIG. 8A, but illustrating the components thereof in an

assembled state to form a basic connector element;

{0042] FIG. 8C is a perspective view of two basic connector elements assembled together

to form a receptacle connector terminal array;

{0043] FIG. 8D is an enlarged detail view of two of the cables in a connector element,

iltustrating the elevated ground plate structure utilized therewith;

=10 -
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{0044} FIG. 915 a front elevational view of the connector housing tllustrating a portion of

an edge card contacting the terminal contact portions of the connector assembly;

{0045] FIG. 10 is an enlarged detail view, of the bottom of the rear end of a connector

housing with the connector assembly in place;

{0046 FIG. 11 is a perspective view of a connector housing of the present disclosure

which 13 utilized in the bypass assemblies thereof]

{0047] FIG 11A 15 a sectional view of the connector port of FIG. 11, taken along lines A-

A thereof’
{0048] FIG. 11Bis a side elevational view of FIG. 11A;

{00491  FIG. 12 is a perspective view of the connector port of FIG. 11, but taken from the

rear of the opposite side;

{6050} FIG. 13 1s a bottom plan view of the connector port of FIG. 6A, with the bottom

removed for clarity;

{0051} FIG. 13A ts a sectional view of an empty connector housing without the internal

connector and heat transfer member in place;

{0052] FIG. 14 is a top plan view of the connector housing with the top wall removed

from the housing body and a portion of an edge card engaged with the internal connector;

{00531 FIG 14A is the same view as FIG. 14, but sectioned at a level beneath the rear
cover plate to tilustrate the internal connector and the manner in which it engages the body of

the connector housing;

{0054] FIG. 14B is a vertical sectional view taken through the housing body proximate to
the front of the internal connector, with a portion of the internal connector housing removed
for clarity to illustrate the hollow interior space of the module housing and the internal ribs
thereot which contact the connector elements and hold an EMI absorbing pad in place

thereof’

{0085}  FIG. 15 is a perspective view of a pair of connector housings with heat transfer

members and indicator lights arranged in a vertical stack on a circuit board;

211 -
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{0056] FIG. 15A is an exploded view of FIG. 15;

{00577 FIG. 16 is a perspective view of three module housings arranged vertically in a

horizontal row on face plates of a device;

{0058] FIG. 16A is an exploded view of a vertical module housing and face plate

mounting assembly:

{00597 FIG. 17 1s a perspective view of a module housing with an improved heat sink
assembly constructed in accordance with the principles of the present disclosure attached

thereto;

{0060] FIG. 18 is a partially exploded view of the module housing-heat sink assembly of
FIG. 17, with the heat sink assembly components removed from their engagement with the

top of the module housing for clarity,

{0061} FIG. 18A is a side view of the exploded view of FIG. 18, with the components

depicted therein sectioned along lines C-C thereof;

{0062] FIG. 19 is a front elevational view of the module housing-heat sink assembly of

FIG. 17, taken along lines 3-3 thereof;

{0063] FIG. 19A is a side elevational of the module housing-heat sink assembly of FIG.

7, taken along the right side thereof;]
{6064} FIG. 19Bis a top plan view of the module housing-heat sink assembly of FIG. 17;

{6065} FIG. 19C is a longitudinal sectional view of the module housing-heat sink

assembly of FIG 17, taken along lines C-~C thereof;

{0066] FIG. 19D is a transverse sectional view taken through the module housing-heat
sink assembly in the transfer portion of the heat sink assembly of FI. 17, taken along lines

D-D thereof

{0067] FIG. 19E is the same view as FIG. 19D, but with the heat pipe removed from the
heat sink assembly for clarity and with an alternate configuration of a pair of heat pipes

shown in phantom;
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{0068] FIG. 19F is a transverse sectional view, looking rearwardly, taken through the
module housing-heat sink assembly in the dissipating portion of the heat sink assembly of

FIG. 17, taken along lines F-F thereof,

{006%9] FIG. 19G 1s a transverse sectional view, looking forwardly, taken through the
module housing-heat sink assembly in the dissipating portion of the heat sink assembly of
FIG. 17, taken along lines G-G thereof, illustrating the clearance between the heat-dissipating

fins and the connector wires;

{0076}  FIG. 20 is a perspective view of a connector port of the present disclosure with an

indicator light assembly supported thereon;

{0071}  FIG. 20A is an exploded view of the assembly of FIG. 20;
{0072] FIG. 20B i1s a front elevational view of the assembly of FIG. 20;
{60731 FIG. 20C is a top plan view of the assembly of FIG. 20;

{0074] FIG. 20D is a side elevational view of the assembly of FIG. 20,

{0075]  FIG. 21 is a perspective view of the indicator light assembly of FIG. 20, oriented

as if it were attached to a connector port;

{0076] FIG. 22 is a perspective view of a pair of connector ports with indicator light

assemblies supported thereon, stacked together in a vertical orientation;

{00777  FIG. 23 is a perspective view of three connector ports and associated indicator

light assemblies stacked together in a horizontal orientation;

{0078]  FIG. 24 is a perspective view of an indicator light assembly in place on a connector
port with a thermal transfer member having its heat-dissipating fins located on the top of the

housing portion of the port, illustrating the path of the indicator light wires; and,

{00797  FIG. 24A is an exploded view of the assembly of FIG. 24.

DETAILED DESCRIPTION
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{0080}  The detailed description that follows describes exemplary embodiments and is not
intended to be limited to the expressly disclosed combination(s). Therefore, unless otherwise
noted, features disclosed herein may be combined together to form additional combinations

that were not otherwise shown for purposes of brevity.

{0081}  Accordingly, there is provided herein, an improved connector for use in a
connector port that is connected directly to cables or wires, rather than traces on circuit
boards to define signal transmission lines from the conuector and directly to chips and
processors of the host device, which are useful for high speed data applications at 10 Gbps
and above and with low loss characteristics. Accordingly, the Present Disclosure is therefore
directed to connectors and connector assemblies that are suitable for use in free standing
external connector ports and which are directly connected to device components by cables,
rather than use traces on circuit boards. The connectors have terminals and cables of equal
tength and the cables terminated to the connector bypass the circuit board traces and define
high speed transmission lines for transmitting data signals, at 10 Gbps and greater, which
have low loss characteristics and which are directly connected to the chips and processors of

the host device.

{0082]  As such, references to a feature or aspect are intended to describe a feature or
aspect of an example of the Present Disclosure, not to imply that every embodiment thereof
must have the described feature or aspect. Furthermore, it should be noted that the
description illustrates a number of features. While certain features have been combined
together to illustrate potential system designs, those features may also be used in other
combinations not expressly disclosed. Thus, the depicted combinations are not intended to be

limiting, unless otherwise noted.

{0083]  In the embodiments illustrated 1n the Figures, representations of directions such as
up, down, left, right, front and rear, used for explaining the structure and movement of the
various elements of the Present Disclosure, are not absolute, but relative.  These
representations are appropriate when the elements are in the position shown in the Figures. If
the description of the position of the elements changes, however, these representations are to

be changed accordingly.

{0084] FIG 1 1s a perspective view of a host electronic device 50 such as a switch, router,

server or the like, and with the cover of the host device removed. The device 50 is governed

- 14 -
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by one or more processors, or integrated circuits, in the form of chips 52 that may be part of
an overall chip package 54. The device 50 has a pair of side walls 55 and first and second
walls, 374, 57. External connector ports 80 are provided in the first wall 374 (which can be a
front wall) of the host device so that opposing mating connectors in the form of pluggable
modules and the like may be inserted in order fo connect to circuits of the device 50.
Backplane connectors 30 may be provided in a second wall 57 (which can be a back wall) for
connecting the device 50 to a larger device, such as a server or the like, including backplanes
utifized in such devices. The device 50 includes a power supply 58 and cooling assembly 59
as well as a motherboard 62 with various electronic components thereupon such as

capacitors, switches, smaller chips, etc.

{0085] FIG. 3A is a cross-sectional view of a prior art conventional chip package and
motherboard assembly that ts used in conventional devices. The chip 52 may be an ASIC or
any another type of processor or integrated circuit, such as a FPGA and may be one or more
separate infegrated circuits positioned together. Accordingly, the term chip will be used
herein as a generic term for any suitable integrated circuit.  As shown in FIG. 3A, the chip 52
has contacts on its underside in the form of solder bumps 45 that connect it to associated
contact pads of a supporting substrate 47. The substrate 47 typically includes plated through-
holes, micro-vias or traces 48 that extend through the body of the substrate 47 to its
underside. These elements 48 connect with contacts 49 disposed on the underside 47a of the
substrate 47 and these contacts 49 typically may take the form of a BGA, PGA or LGA and
the like. The chip 52, solder bumps 45, substrate 47 and contacts 49 all cooperatively define
a chip package 52-1. The chip package 52-1 is mated, by way of a socket (not shown) to a
motherboard 52-2 made of FR4 material and used in a device. The motherboard 62 has a
plurality of lengthy conductive traces 52a-¢ that extend from the chip package contacts 49
through the motherboard to other connectors, components or the hike of the device. For
example, a pair of conductive traces 52a, 52b are required to define differential signal
transmission line and a third conductive trace 52¢ provides an associated ground that follows
the path of the signal fransmission line. Each such signal transmission line is routed through

or on the motherboard and such routing has certain disadvantages.

{0086] FR4 circuit board material becomes 1ncreasing lossy and at frequencies above 10
(Ghz this starts to become problematic. Additionally, turns, bends and crossovers of these

signal transmussion line traces 52a-c¢ are usually required to route the transmission line from
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the chip package contacts 49 to connectors or other components mounted on the motherboard
52-2. These directional changes in the traces 52a-¢ can create signal reflection and noise
problems as well as additional losses. Losses can sometimes be corrected by the use of
amplifiers, repeaters and equalizers but these elements also increase the cost of
manufacturing the final circuit board 52-2. This complicates the layout of the circuit board
52-2 because additional board space will be needed to accommodate such amplifiers and
repeaters and this additional board space may not be available in the intended size of the
device. Custom materials for circuit boards are available that reduce such losses, but the
prices of these materials severely increase the cost of the circuit board and, consequently, the
electronic devices in which they are used.  Still further, lengthy circuit traces require
increased power to drive high speed signals through them and, as such, they hamper efforts

by designers to develop "green” (energy-saving} devices.

{0087] FIG 3B is a cross sectional view of the chip package 54 of the device 50 of FIG 1.
The chip 52 contains high speed, low speed, clock, logic, power and other circuits which are
connected to the chip package substrate 53. Traces 54-1 of the package 54 lead to associated
contact pads 54-2 arranged in termination areas 54-3, that are preferably disposed at or
proximate to edges 54-4 of the subsirate 53. The chip package 54 may further include an
encapsulant 54-5, such as an epoxy, that fixes the chip 52 in place within the package 54 as
an integrated assembly along with associated cable connectors and other components. The
chip package 54, as illustrated, be connecied in part, to the motherboard by way of solder
bumps 49, but such connections do not include high speed signal transmission lines in place

on the motherboard 62.

{0088]  Cables 60 are terminated to the package contact pads 54-2 by suitable wire-to-
board connectors and the like, and these cables 60 are preferably of the twin-ax construction
with two signal conductors 61 surrounded by a dielectric covering 61-1 with an associated
drain wire 61-2 and an outer conductive covering 61-3 and a finished insulative outer jacket
61-4. (FIG. 2D} As noted above, the cables 60 and their signal conductor pairs define high
speed signal transmission lines that lead from the chip package 54 to the first {entry) or
second {(exit) connectors 80, 30. The ordered geometry of the cables maintains the signal
conductors as pairs in a preselected spacing to control the impedance therethrough., Utilizing

the cables as signal transmission lines eliminates the need to lay down high speed signal
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transmission lines in the form of traces on the motherboard, thereby avoiding high costs of

exotic board materials and the losses associated with cheaper board materials such as FR4.

{00897  As tllustrated in FIGS. 2-2C, the cables 60 have opposing first and second, or near
and far ends 163, 164 that are respectively connected to the chip package 54 and the VO
connector ports 80 or backplane connectors 30 to define high speed signal transmission lines
that bypass the motherboard. These connectors can be considered as “entry” and “exit”
connectors of the host device in that they provide external interfaces for signals that first
“enter” the device through, for example, the I/O connector ports 80 at the front of the device
50 and for signals that “exit” the device through the backplane connectors 30 shown at the
rear of the device. The cables 60 maintain the ordered geometry of the signal conductors
throughout the lengths they traverse to and from the chip via the external interfaces. The
ordered geometry of the cables permits the cables to be turned, bent or crossed in their paths
without introducing problematic signal reflection or impedance discontinuities into the
transmission lines which can occur in circuit board signal transmission lines. The cables 60
are arranged in first and second sets of cables, with the first cable set extending between the
entry counnector ports and the chip package 54, and the second set of cables extending
between the chip package 54 and the exit connectors 30 in the second wall 57 of the device.
The manner in which the signal conductors of the cables 60 may be terminated to the chip
substrate can vary. As illustrated in FIG. 2C, the cables 60 may be terminated by way of
wire-to-board connectors 66, which mate with contacts on the chip package substrate 54,
either on the surface thereof or in mating connectors. Heat sinks 71 may be attached to
surfaces of the chips 52 as shown to dissipate heat, or integrated into the assembly by way of

the encapsulant.

{00907  The chips, substrate, heat sink and cable connectors 66 may integrated together by
way of an encapsulant or other means that holds them together as a single assembly as shown
in FIGS. 2-2C. This structure permits a device designer to fully utilize the space available on
the motherboard 62 for additional components and circuit which add value to the host device
without the need for complex circuit board designs. These integrated assemblies can be
inserted into devices by merely inserting the entry and exit connectors into respective
openings in the front and back walls 374, 57 of the host device SO0, Anciliary connectors may
be provided for connecting the chip package to other circuits of the device as shown in FIG,

3B. The assemblies may also be provided in other torms, such as, for example: 1) without
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the chip package, but with the chip package substrate; 2} with the chip package and either the
entry or exit connectors, shown respectively at 400 and 401 in FIG. 2A; and, 3) with both the
entry and exit connectors arranged to extend to openings in the front wall of the device, as
shown at 402 in FIG. 2. In this manner the assemblies 400, 401 and 402 may be inserted into
a basic device to provide the device with its functionality without the need to design such

functionality into the motherboard 62 of the hose device 50.

{0091] Turning to FIGS. 4, 7 & &, an internal connector 70 constructed in accordance with
the principles of the present disclosure is received within the connector ports 80 and includes
an insulative body 108 that includes a card-receiving slot 109 that opens to the front of the
connector 70 and to the entrance 67 of the port 80. The card-receiving siot 109 is positioned
above a polarizing channel 110 formed by legs 110a, 110b that support the card-receiving
slot 109 off of the botiom wall 68 of the port B0 and prevent incorrectly positioned opposing
mating connectors from being inserted into the card slot 109, The connector body 108 has a
plurality of terminal-receiving cavities 111 aligned on opposite sides of the card slot 109
which receive contact portions of cantilevered terminals 115a, 115b of two connector
elements 104a, 104b. The connector elements 104a, 104b support the terminals 115a, 115b
in respective single rows of terminals as illustrated in FIGS. 4A and 8C. The two connector
elements 104a, 104b each have wafer-like configurations and are inserted into the connector
body 108 from the rear to complete the internal connector assembly. The terminal arrays of
each connector element 104a, 104b are thereby positioned on opposite sides of the card-

receiving slot 109 as shown.

{00927  FIG. 8A illustrates the basic construction of a connector element 104 that is used in
the connectors 70 of the present disclosure. A plurality of twin-ax cables 60 and regular
wires 121 are arranged in an array exiending widthwise of the connector 70. The ends of the
wires 121 and cables 60 are stripped to expose the signal conductors 61 of the cables 60 as
well as define free ends 121a, 120a of the wires and cables, respectively, for terminating to
corresponding tail portions 116 of the connector terminals 115a, 115b. (FIG. 4A) In the
embodiment illustrated, pairs of the twin-ax cables 60 are located at the outer ends of the
array, and the drain wires 01-2 of the twin-ax cables 120 are bent simply upwardly and then
bent again to lie flat on their associated ground plates 125 The termunals 115a, 115b are held
together in their own spaced apart widthwise array by a support bar 124, This largely

maintains the geometry of the cable in the connector termination.

218 -



WO 2016/112379 PCT/US2016/012848

{0093]  The receptacle connector 70 has a structure that promotes the signal integrity of
data signals passing therethrough and which provides an impedance transition from the
bypass cable wire pairs and the circuits of a circuit card of an opposing mating connector.
This transition is from 85 to 100 ohms within a preselected tolerance level and is done in
stages, or three zones so that the transition occurs in a gradual manner from an entry level
impedance to a first transition impedance and then a second transition impedance and then
finally to the final or third transition impedance. In this manner, the impedance transition
occurs in a somewhat gradual manner over the entire length of the receptacle connector rather

than occurring in the tail or the contact portions of that connector.

{0094]  This gradual transition is provided by presenting three different dielectric mediums
through which the receptacle connector terminals extend. The first zone medium is
preferably a hot melt adbesive in which the tmpedance rises by about 6 ohms from the
incoming impedance of about 85 ohms, and the second zone medium preferably includes
LCP {liqud crystal polymer} where the impedance rises by about another 6 chms, and finally
the third zone medium includes air in which the impedance rises to about 105 ohms, thereby
transition the impedance with a tolerance level of about 3%. The changes in surrounding
medium are also accompanied by changes in the width of the terminals becoming wider or
narrower in different zones. The distances between the terminals and associated ground
planes can also contribute to this selected tuning of the impedance. The transition occurs
over the length of the connector from the tails to the contact ends to present a gradual
increase over a unit length rather than sole in either the tail or the contact portions of the

terminals.

{0095]  The termination areas of the cables/wires 120, 121 to the ternuinals 115a, 115b are
disposed in a nest, or cradie 130, that extends widthwise and which is formed from an
insulative material having a desired dielectric constant. (FIGS. 8A-8D.) The termination nest
130 has a U-shaped configuration and it is located adjacent the terminal support bar 124, In
this area, the drain wires 61-2 of the cables 60 are joined to buss bars in the form of ground
plates 125 that are positioned above the cables 60 and are spaced vertically apart from and
above the terminal tail portions 116. The ground plates 125 have a plate body 125a with at
feast a partially planar surface which the drain wires 61-2 contact and to which the drain

wires may be soldered, or otherwise connected.
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{0096}  Contact legs 126 are provided as part of the ground plates 125 in order to form
contact portions 128 of the ground plates 125 that are preferably attached to the tail portions
116 of ground terminals of the connector 70. The contact legs126 are vertically offset so that
the ground plates 125 are spaced apart from and extend over at least a portion of the
termination of the signal conductors to the signal terminal tail portions in the row of terminals
agssociated with a corresponding connector element. As shown in FIGS. 8B-8D, each of the
ground plates 125 preferably include three legs 126 which contact the ground terminals of the
connector 70 in a manner such that any two signal terminal tail portions are flanked by two of
the contact legs 126. This arrangement permits the spacing of the signal terminals to
approximately match that of the signal conductors of the twin-ax cables 60 from an
impedance perspective. In this manner, a G-5-8-G pattern of the terminals 115a, 115b 1s
maintained tor the internal connector 70 within the two rows of terminals on opposite sides of

the card-receiving slot 109,

{6097} A rectangular frame 132 is provided along the rear of each connector element
104a, 104b and includes four walls 133 (FIG. 8) joined together arcund a bottom wall 134 to
at least partially define a hollow interior recess 138. The front and rear walls 133 of the
frame 132 are perforated as shown with openings 135 that are configured to accommodate the
twin-ax cables 120 and the low power and logic control wires 121 in their longitudinal extent
through the frame 132, The frame 132 is joined to the cradle 130, along its rear face, by an
overmolded portion that fills the termination area. The connector element frame 132 i
formed of a conductive material, such as metal, or may have an cuter conductive coating, so
that when in place within the connector port 80, the connector elements 104a, 104b make
electrical grounding contact therewith. The connector element frames 132 are positioned
adjacent to and rearward of the termination nest (FIG. 8C) and may be fixed to it as noted

below.

{0098] The sidewalls 133 of the frame 132 may be slotted as shown with vertical slots
136. These slots 136 will engage the sidewalls 106a. 106b of the rear opening, or exit 106, of
the connector port 80 and, because the frames are conductive, they can also alleviate EMI
feakage out of the rear opening 106 of the connector port 80. The open recess 138 of the
connector element frame 132 through which the cables and wires extend is filled with a
dielectric material, such as a liquid crystal polymer (“LCP”} that fixes the cables/wires in

place in the recess 138 with respect to the connector element frames 132 and to the
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termination nest, which also receives some of the LCP. In this manner, the wafer-like
configuration of the connector elements 104a, 104b is defined and this overall structure

provides a measure of strain relief o the twin-ax cables 60.

{00997  The bottoms 134 of the two connector elements 104a, 104b abut each other and
may engage each other through a post 140 and hole 141 manner of engagement as shown in
FiG. 6. In this manner, the two connector elements 104a, 104b may be inserted into a rear
opening of the connector body 108 so that the terminal contact portions are aligned with each
other and are received in the terminal-receiving cavities 111 of the connector body 108 to
form an integrated connector assembly. As illustrated in FIG. 6, the connector assembly is
pressed into the hollow interior space of the connector port 60 from below. An internal
ground plane 142 1s provided in the form of a flat, conductive plate that is located between
the two connecting elements 104a, 104b. It extends from the rear end of the connector
element frame 132 to the forward edge of the termination nest 130. This ground plane 142
acts as a primary ground plane that serves to block crosstalk between the signal conductor
pairs in one connector element and the signal conductor pairs in ancther connector element.
The ground plates 125, act as secondary ground plates, or busses to the signal conductors of

the cables 120 and their termination to the signal terminals 115a.

{0010€] The slots 136 on the sides of the connector elements 104a, 104b engage the sides
106a, 106b of the connector port rear opening 106, while two catches 144 disposed on
opposite exterior sides of the connector body 108 are received in corresponding openings 146
in the sidewalls 64a, 64b of the port 80. The catches 144 may be oversized so as to deform
when the connector assembly ts inserted into place in the housing body 63. The slots 136
may be rounded in configuration with tips 148 pointing inwardly or at each other, in order to

ensure reltable contact with the connector port 80, (FIG. 10}

{60101] The two EMI absorbing pads 102a, 102b may be applied to opposing surfaces of
the connector elements 104a, 104b of the connector assembly prior to the connector assembly
being pressed into the interior 61 of the port 80 from the bottom. The connector elements are
vertically slotted, as previously noted, so they can engage the sides 106a, 106b of the rear
wall opening 106 of the port and this contact provides in cooperation with the EMI-absorbing
pads, four-sided EMI leakage protection around the connector elements. The rear wall of the

port 80 and the conductive connector elements 104a, 104b combine to form, in effect, a fifth
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wall that prevents EMI leakage The pads 102a, 102b seal off the spaces between the
connector elements 104a, 104b and opposing surfaces of the housing body 63. These pads
102a, 102b occupy the open spaces above and below the connector elements 104a, 104

k2

which are normally empty tn conventional ports.

{60102] The EMI pads 102a, 102b are preferably aligned with and positioned above the
areas of the connector elements where the cable wires are terminated to the terminal tails of
the internal connector 70. The bottomn pad 102b is held between the bottom wall 68 and the
bottom connector element 104b, while the top pad 102a is held in place between the top
connector element 104a and the module housing rear cover 90. This is accomplished by ribs
103 that are formed on the bottom of the rear cover 90 which extend down into contact with
the pad 102a, as illustrated in FIG. 13B. The connector elements, EMI-absorbing pads are
thereby sandwiched between the housing body top and bottom walls 66, 68 and the pads
102a, 102b ensure that EMI leakage is reduced along the housing body rear wall opening

106.

{00103} With the twin-ax cables 60 directly terminated to the terminals of the connector 70,
the ports 80 are configured for mounting off of a circuit board and onto a panel or in a
manuer so as to be a free-standing connector within a host device. The ports 80 need not be
mounted to a circuit board 62 in a termination manner, but can be by way of fasteners
extending through openings in the circuit board and mnto the screw bosses. The sealing off of
the bottom of the port and elimination of the need for a right-angle connector not only
eliminates the need to mount the connector port on the motherboard 62, but also facilitates

stacking of the ports in both vertical and horizontal arrangements.

{00104] Accordingly, the wires of the connector may be directly connected to components
of the host device, such as a processor or a chip package and the like bypassing the traces on
the circuit board.  As the connection now may be direct, the connector does not have to be
mounted on a circuit board, but may be enclosed within a structure such as the connector
ports 80 disclosed and panel mounted. The connector ports 80 may take the form of an
adapter frame, a shielding cage of similar type of housing. Still further, the connector port
may be used an as internal connecting sleeve to provide an internal connector port that 13
positioned within the host device and which receives a plug-style connector. The connector

port cables are terminated to the connector element terminal tails at one ends of the cables so
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the cables can be terminated at their second ends to the chip packages or processors of the
host device. An integrated bypass assembly such as this can be installed and removed or
replaced as a unit, which bypasses the circuit board and the associated loss problems which
occur in FR4 materials, thereby simplifying the design and reducing the cost of the circuit

board.

{00105} Turning now to FIGS. 4-9, a connector port/housing is iHustrated in FIGS. 5 and
SA at 80 which is used as an external interface that accommodates entry connectors of the
host device. The port 80 is disposed in the first wall 374 of the device 50 and receives
opposing mating connectors in the form of plug connectors, such as pluggable electronic
modules and the like. The connector port 80 includes a conductive housing body 63 that
includes two sidewalls 64a, 64b, a rear wall 65 and top and bottom walls 66 and 63, All of
the walls cooperatively define a hollow interior 61 that receives a cotresponding opposing
external mating connector that mates with an internal connector 70. The walls of the port 80
may be formed together as one piece as in an adapter frame, or they may be utilize separate
elements that are joined together to form an integrated assembly. The connector port 80 may
be referred interchangeably herein as a “module housing” or a “housing,” but it will be
understood that the port 80 is not limited in its operation to accommodating only pluggable

modules, but will accommodate any suitable connector.

{60106] The housing walls 64-66 & 68 are all conductive and provide shielding for
connections made within the port 80. In this regard, the port 80 is provided with a conductive
bottom wall 68 that completely seals off the bottom of the housing body 63 in contrast to
known cages and frames that are open at their bottoms to the circuit board upon which they
are mounted. The housing 80 contains an internal, cable-direct connector 70 (FIG. 4) that has
direct wire connections made to its terminals 1153, 115b and therefore does not require
termination to traces on the motherboard 62 of the host device 50. Prior art connectors
enclosed by cages or frames are of the right angle type, meaning the connector extends at a
right angle from its mating face to the circuit board and the traces to which the connector is
terminated.  Rught angle connector terminations to circuit boards create signal integrity
problems in high speed operation, due to the varving lengths of the terminals and the bending
thereof, such as increased capacitance in the corners of the bends and jumps or dips in the
characteristic impedance of the system at the connector and its interface with the circuit

board. Similarly, the exiting of the cables out of the rear of the housing eliminates the need

-23 .



WO 2016/112379 PCT/US2016/012848

to use press-fit pins as a means to mount the connector port to the circuit board, as ordinary
mounting holes can be used for threaded fasteners, thereby simplifying the overall design of a
host device motherboard. The internal connectors 70 are terminated to wires of cables 60 and

exit out of the rear wall 65 of the housing 80, thereby avoiding the aforementioned problems.

{00107} The bottom wall 68 of the housing, as shown in FIGS. 5-6B, seals off the bottom
of the housing 80. The bottom wall 68 is shown as formed from a piece of sheet metal with a
bottom plate 72, and side attachment flaps 73 that extend along the outer surfaces of the
housing sidewalls 64a, 64b. Openings 74 in the attachment flaps 73 engage catches, or tabs
76 which are located on the sidewalls 64a, 64b and retain the bottom plate 72 in place.
Additional means of attachment may include inner tlaps 75 that are also bent up from the
bottom plate 68 but are positioned along the edges of the bottom plate 68 to extend into the
interior hollow space 01 along the tnner surfaces of the sidewalls 64a, 64b. Two such inner
flaps 75 are llustrated in FIGS. 11 & 13A and include contact tabs 75a that extend inwardly
for contacting opposite sides of an opposing connector inserted into the interior channel 61.
Two rims, or flanges 77a, 77b, may also be provided at opposite ends of the bottom plate 68
which extend at an angle thereto in order to engage the front and back wall 65 of the housing
80 to make conductive contact and provide EMI shielding at those locations. The use of a
bottom wall 68 that covers the entire bottom sigruficantly reduces EMI in this area. Standotts
69 may be formed in the bottom wall 68 if desired. The many points of contact between the
bottom wall 68 and the housing body 63 provide a reliable EMI shielding gasket along the

entire bottom of the port 80 for the internal connector 70.

{00108} Turning now to FIG. 5, the top wall 66 preferably includes an access opening 81
which communicates with the hollow interior 61 and which is aligned with the internal
connector 70 and primarily the area in front of the internal connector 70. A heat transfer
member 82 shown as a finned heat sink may be provided which has a base 84 that extends at
least partially into the access opening 81. The base 84 has a flat bottom contact surface 85
that contacts an opposing surface of a module inserted into the housing interior 61. Two
retainers 86 are shown as joined to the top wall 66 and each retainer 86 has a pair of
preloaded contact arms 88 that exert a downward retention force on a top plate 87 of the heat
sink. An EMI gasket 89 is provided that extends around the peniphery of the opening 81 and

is interposed between the top wall 66 and the heat transfer member 82,
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{00109} The housing 80 further includes a rear cover portion 90 that extends over a rear
portion of the interior 61 to cover part of the internal connector 70, A recess 91 may be
formed in the rear cover 90 to accommodate a chevron-shaped EMI gasket 92 interposed
between opposing surfaces of the rear cover 90 and the top wall 66. The rear cover 90 can be
seen to include an opening in the form of a slot 94. The top wall 66 (FIG. 13A) may include
an engagement hook 95 as shown that is received within the slot 94 to engage the top wall 66
to the housing body 63 in a manner such that the top wall 66 can be slid forward so that its
leading edge abuts the tront flange of the housing 80, which may include a projecting tab 96
formed therewith which engages a corresponding slot 97 of the top wall 66, (FIGS. 5A &
13A) Screws 99, or other fasteners may be used to secure the top wall 66 onto the housing
body 63 by engaging threaded holes formed in screw bosses 100 supported by the housing
body 63. In this manner, the housing body 63 15 sealed in a manner to significant reduce EMI

leakage.

{60110] Because the internal connectors 70 are connected directly to the cables 60, the
housings 80 of the present disclosure need not be mounted to the motherboard 62 by direct
termination, but can attached by way of fasteners 120 that extend through openings 122 in the
circuit board and into the screw bosses 100, Sealing oft of the bottom of the housing 80 and
elimination of a right-angle connector not only eliminates the need to mount the housing 80
on the motherboard 62 but also facilitates stacking of the housings/ports 80 in vertical and
horizontal arrangements. FIGS. 15 & 16 illustrate just two different styles of stacking.
FIGS, 15 & 15A tllustrate a pair of bousings 80 with their entrances 67 oriented horizontally
in a vertical stack. The two housings 80 are shown supported on a circuit board 62 by way of
botiom screws 120 that engage the screw bosses 100 in an upward manner through openings
in the circuit board. A set of middle screws 124 are provided to engage the screw bosses 100
of the lower housing and these screws 124 have threaded male ends and threaded female ends
126. The female ends 126 engage top screws 99, 128 extending into the screw bosses 100 of
the top housing. Thus, multiple housings 80 of the present disclosure may be stacked in such
a fashion without requiring complex high speed connecting traces formed in the circuit board
62 and terminated to the internal connectors 70, Conventional stacking requires a dual
connector that is terminated to the circuit board at right angles which will possess the signal

integrity problems described above.
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{00111} FIGS. 16-16A tllustrate another manner in which the housings 80 of the present
disclosure may be arranged. This arrangement includes a horizontal row of three housings
that are aligned vertically along a front of the host device, but raised off of the circuit board
62. FIG. 15B illustrates a mounting nest 130 that has a base 132 and two extending sidewalls
133 that form a recess which accommodates a housing 80. The mounting nest 130 has two
attachment flanges 134 that can be attached to a faceplate 136 with fasteners as shown
extending through openings 135 in the base 132, Fasteners may be used to attach the
housings to the nest, and they extend through the base openings 135 into the screw bosses
100. The top wall 66 of the housing 80 may be attached to the housing body 63 with male-
female ended fasteners 126 as noted above so that adjacent housings 80 may be assembled
into an integrated arrangement with male fasteners extending through the bases 132 of the
nests 130 into the female ends 126 of opposing fasteners or into the screw bosses 100 of the
housing body. The housings 80 may also be spaced closely together in instances as shown in
FIGS. 14-15B as the heat transfer member 82 has its heat dissipating fins extending

rearwardly of the housing body as set forth to follow.

{00112] Accordingly, a free-standing connector port/housing i1s provided that can be
attached to an external wall of a host device, such as a faceplate or bezel or to a circuit board
without requiring any termination traces positioned underneath the roodule housing. Such a
free-standing port does not have to be mounted on a circuit board, but may be panel mounted.
The connector port may take the form of an adapter frame, a shielding cage or similar type of
housing.  Still further, the connector port may be used an as internal connecting sleeve to
provide an internal connector port that is positioned within the host device and which
recetves a plug-style connector. The connector port cables are terminated to the connector
element terminal tails at the proximal ends of the cables, and the cables can be terminated at
their distal ends to the chip packages or processors of the host device. An integrated bypass
assembly such as this can be installed and removed or replaced as a unit, which bypasses the
circutt board and the associated loss problems which occur in FR4 matenials, thereby

simplifying the design and reducing the cost of the circuit board.

{00113} The mating connectors used to connect to the /O connectors generate heat during
operation, and this heat must be removed in order to maintain efficient transmitting and
reception of signals during operation.  High temperatures can negatively affect the

performance of not only the modules, but also the devices in which they are used, so it is
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important to remove this operational heat. Such removal is typically accomplished by the use
of heat sinks which include solid bases that make contact with selected surfaces of the
modules, typically the top surfaces. These heat sinks further have plurality of heat-
dissipating fins that project upwardly from the bases into the interior space of the device.
The fins are spaced apart from each other so that air can flow over and around the fins in a
manner that heat is dissipated from the fins 1nto the surrounding interior atmosphere. The
fins are mounted above the heat sinks and modules and extend upwardly for a specific height
in order to achieve a desired degree of thermal exchange. However, the use of such heat
sinks does not permit a designer to reduce the height of the devices in which modules are

used, eliminating the possibility of reducing the overall heights of such devices.

{00114} We have developed a thermal transfer structure that is suitable for use with
electronic and other modules that are inserted into housings and guide or adapter frames.
Such a structure may also be utilized for thermal transfer intentions on processors and

integrated circuits, as well.

[00115] In this regard, as shown in FIGS. 17-19G, a heat sink assembly 240 s provided
that includes a heat transfer portion 241 which has a solid base 242 that depends downwardly
into the interior space 226 of the module housing/connector port 222, The heat transfer
portion base 242 is complimentary in shape to the opening 232 in the housing 222 so that the
base portion 242 may extend through the opening 232 and into the interior space 226 so as to
make thermal contact with the top or upper surface of a module inserted into the front
opening 230 of the interior bay 229 of the housing 222 The base 242 may further include a
skirt or lip portion 244 that extends around at least a substantial portion of the periphery of
the base 242, and preferably around the entire periphery of the base 242. This skirt 244 is
recetved in a corresponding recess 240 formed in the top surface 233 of the housing 222 and
which preferably surrounds the opening 232, A conductive EMI ring gasket 247 is provided
that fits in the recess 246 and which encircles the opening 232, The gasket 247 has a
plurality of spring fingers 248 that provides a conductive seal between the heat transfer
portion skirt 244 and the housing top recess 246 50 as to prevent EMI leakage through the
opening 232. The EMI gasket 247 sits within the recess 246 and surrounds the opening 232
with the spring fingers 248 extending radially outwardly, as shown and into contact with the
bottom surface of the skirt 244. The opening 232 in the top of the housing 222 s considered

as a contact opening as it permits the heat transfer portion 241 to extend into the interior
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space 226 of the housing 222 and into thermal transfer contact with any module inserted

therein by way of a thermal contact surface 250, (FIG. 19C.)

{00116} The heat transfer portion 241 has a solid base portion 242 that preferably includes
a planar thermal contact surface 250 (on its bottom) that is configured to enter the frame
contact opening and contact the top surface of a module 1nserted into the bay 229 in effective
and reliable thermal contact. The base 242 may include an angled lead-in portion on its
contact surface 250 to facilitate the insertion of a module. The heat sink assembly 240
further includes a distinct heat dissipating portion 252 that dissipates heat generated by the
module and transferred to the heat transfer portion 241 by way of contact between the
thermal contact surface 250 and an opposing top surface(s) of the module. As shown in FIG.
18, this heat dissipating portion 252 is distinct from the heat transfer portion 241 and 1s

spaced apart therefrom in a longitudinal or horizontal direction.

{00117] The heat dissipating portion 252 includes a base 254 that extends out in a
cantilevered fashion from the heat transfer portion 241 along a sinmilar longitudinal axis. A
plurality of vertical heat-dissipating fins 256 are disposed on the base 254 and extend
vertically downwardly from the heat dissipating portion base 254, As illustrated, the fins 256
are spaced apart from each other in the longitudinal (horizoutal) direction to define a plurality
of cooling passages 258 therebetween that are spaced away lengthwise from the heat transfer
portion 241 and which further extend lengthwise with respect to the modules. In order to
retain the heat transfer portion 241 in contact with a corresponding module, and also resist
any moment that may occur due to the weight and/or length of the heat dissipating portion
252, retainers 260 are illustrated. These retainers 260 are attached to the frame top surface
233 by means of fasteners, such as rivets 262, which may be formed as part of the housing
222 i the nature of vertical posts 263 that are received within cosresponding openings 264
disposed in the retainer base portion 265. The free ends of these posts 263 may be “dead-
headed” or “mushroomed” to form the connection between the retainers 260 and the skirt
244 The retainers 260 are seen to have pairs of cantilevered spring arms 267 associated with
thern and which extend longitudinally from the base portions 265 as illustrated. The spring
arms 267 are flexible and are formed as elastic spring arms 267 with a preformed downward
bias. The spring arms 267 terminate o free ends 268 and they extend at a dowonward angle
into contact with the heat transfer member skirt 244, Four such contact points are provided

for the heat sink 240 assembly illustrated in the Figures, and the contact points will define a
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four-sided figure when connected by imaginary lines. However, the contact points of the
spring arms 267 may vary from the locations shown according to the extent to which space is

available on the skirt portion 244 of the heat sink member 240,

{00118} The elasticity of the spring arms 267 permits a designer to obtain a desired contact
pressure by configuring the length of the spring arm 267, the depth to which the spring arm
267 depends down into the recess 246 and the height of the stub 269 that joins the spring arm
267 to the retainer 260, The fastener connection of the retainer 260 to the skirt plate 244
eliminates forming and utilizing attachments on the sides of the housing 222 which wouid
take up space and affect spacing between housing 222, The rivets 262 also have a low profile
so that the frame 226 is not unduly enlarged in any direction, including the vertical direction.
The spring arms 267 are relatively short in length and therefore contact the heat transfer
portion 241 at approximately four corners thereof to exert a reliable contact pressure on it in

order to maintain it in good thermal transfer contact with any modules,

{00119] Uniquely, the heat-dissipating fins 256 are removed from immediate contact with
the heat transter portion 241 of the heat sink assembly 240. Rather, they are positioned on
the heat dissipating portion 252 and they extend downwardly therefrom. The fins 256 are
fongitudinally spaced away from the heat transfer portiond! and its base 242, The fins 256
are further arranged in a series of planes, shown as vertical planes F, that intersect both the
horizontal plane, H1, in which the heat transter portion skirt extends and the horizontal plane
H2 in which the thermal contact surface(s) 250 extend. As shown in FIG. 19C, not only do
the vertical planes F intersect the two planes H1 and H2, but the fins themselves extend for
hetghts that intersect those two planes. Furthermore, adjacent fins 256 are separated by
intervening cooling passages or air channels through which air may circulate. The fins 256
and cooling passages 258 extend transversely to a longitudinal axis of the heat sink assembly
240. In this manner, the fins 256 may occupy the space R rearwardly of the housing 222 and
above the wires 272 which are terminated to the receptacle connector 271 supported in the
housing 222. Locating the fins 256 in this manner permits the overall height of the device in
which the housing structures are used to be reduced by approximately the height of the fins
that ordinarily would project upwardly from the housing. It is desired to have the fins 256
not touch the wires 272 in this orientation. In this regard, the height of the fins 256 1s

preferably less that the height of the housing 222 as illustrated in the Figures.

]
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{00120] The heat transfer and heat dissipating portions 241, 252 are shown as being
integrally formed as one piece to promote heat transfer from the transfer portion 241 to the
dissipating portion 252, However, it is contemplated that the two portions 241, 252 could be
formed separately and subsequently joined together where desirable. In order to further
enhance the transfer of heat from the heat transter portion 241, a thermal transfer member
274 15 provided that extends lengthwise along and in contact with the heat transfer and heat
dissipating portions 241, 252, Such a transfer member 274 is shown in the Figures as a heat
pipe 275, having an oblong, or elliptical, cross-sectional configuration which include major
and minor axes that define such a shape. (FIG. 19D.) The oblong configuration of the heat
pipe 275 increases the amount of contact area between the heat pipe 275 and the two portions
241, 252 of the heat sink assembly 240,  Other non-ctreular configurations such as a
rectangular inner cavity may be utilized or even cylindrical ones. The heat pipe 275 is
recetved within a common channel 278 that also extends longitudinally along the heat sink
assembly 240 and it follows the contour of the two portion 241, 252, Accordingly, the heat
pipe 275 has an offset configuration with two distinct portions 279, 280 that extend at the

different heights, or elevations, of the heat sink assembly 240.

{00121} The heat pipe 275 is a hollow member with an inner cavity 282 defined by
stdewalls 283 that is sealed at its ends and which contains a two-phase (e.g., vaporizable)
fluid within its inner cavity 282, Examples of a two-phase fluid that can reside within
embodiments of inner cavity 282 include purified water, freon, etc. The heat pipe 275 and its
walls 283 can be composed of aluminum, copper or other thermally conductive materials.
The inner cavity 282 preferably includes an evaporator region 279 located adjacent the heat
transfer portion 241 and a condenser region 280 located adjacent the heat-dissipating portion
252. Heat is transmitted from the heat transfer portion 241 through bottom and side walls
283 of the heat pipe 275 into the inner cavity 282 where 15 can cause the two-phase fluid
present in the evaporator region 279 to evaporate. This vapor can then be condensed to liguid
in the condenser region 280, In the ilustrated embodiment, the vapor gives up heat as 1t
condenses, and that heat is transmitted out of the inner cavity 282 through the walls 283 of
the heat pipe 275 iunto the base of the heat dissipating portion 252 and its associated fins 256.
The inner cavity 282 may include a wick 284 to facilitate travel of the condensed liquid along

the wick back to the evaporator region 280, (FIG. 19D.) The wick 284 may take the form of
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grooved channels on the interior surface of the inner cavity 282, or an extent of wire mesh or

the like.

{00122] As illustrated, the heat transfer and heat dissipating portions 241, 252 of the heat
sink assembly 240 extend longitudinally but extend at different elevations, with the heat
dissipating portion 252 being raised with respect to the heat transfer portion 241, This
difference in elevation facilitates, to some extent, the movement of the liquid vapor from the
heat transfer portion 241 up into the heat dissipating portion 252, but its primary purpose is to
accommeodate the heat dissipating portion 252 in its horizontal extent without having to
modify the frame 222 to accommodate it. If one desired to extend the heat dissipating
portion 252 at the same elevation as the heat transfer portion 241, the rear wall 224 and a
portion of the top surface 233, proximate thereto would need to be modified. A channel, or
recess, may be formed in those two walls 224, 233 to accommodate the area of the heat sink
assembly 40 between the heat transfer and dissipating portions 241, 252, Also, although
mostly one heat pipe 275 has been discussed, it 15 understood that multiple heat pipes, such as
a pair of heat pipes 290, as illustrated in phantom in FIG. 19E may be routed in the heat sink
assembly channel. In this instance, the pair of pipes may be encapsulated in a medium that
facilitates heat transter to make up for the amount of direct contact lost between a pair of heat
pipes and a single, oblong configured heat pipe as illustrated. Thermally conductive greases

or other compounds may be applied to the heat pipes to enhance the thermal transfer.

{60123] This heat sink assembly thermally engages the module housing and uniquely
transfers heat therefrom to an area rearwardly of the module housing. With this structure and
its downwardly depending heat dissipating fins, the devices in which such heat sink
assemblies are used can have a reduced height, permitting additional devices in closets and
stacks. The location of heat dissipating fins is such that all of the spaces between the fins are
used for cooling as none of them have light pipes or any other members extending
therethrough. The heat sink heat-dissipating portion extend horizontally but spaced above the
motherboard of the device s0 a designer can utilize this open space for additional functional
components without increasing the lateral size and depth of the host device. Examples of the
manner in which the connector ports with the heat sinks integrated therewith can be arranged

and mounted for use in a host device are illustrated in FIGS. 15-16A.
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{00124] FIGS 20-20C ilustrate a connector port 320 having a housing 322 and an
indicator light assembly 342 of the present disclosure. The housing 322 has a hollow interior
space 326 that 1s formed from a plurality of interconnected walls, such as sidewalls 323a,
323b, rear wall 324, top wall 327 and bottom wall 328. The housing 322 has a front end 325
that includes an entrance 328 that communicates with the holiow interior 326. The bottom
wall 328 is preferably formed of sheet metal and may have engagement flaps 329 that are
formed to contact engagement hugs 329a formed on sidewalls 323a, 323b of the housing 322.

The bottom wall 328 seals the bottom of the housing.

{00125] The housing 322 independently houses an internal receptacle connector 330 that
has a connector housing 331 that includes a card-receiving slot 330a in which a plurality of
conductive terminals 331a are disposed. (FIG. 20B) The slot 330a receives a mating blade,
or edge card of a corresponding plug connector. The connector port 320 is intended for
mounting in an electronic device, such as a switch, server, router or the like in a manner such
that the entrance 326 thereof is supporied along a face panel, or bezel 374. The terminals
331a of the internal connector 330 are connected to varicus circuits and components of the
host device by way of conductors enclosed in wires 332 that extend through the rear wall 324
of the housing 322. The front end 325 of the housing 322 may include an EMI gasket
interposed between the housing and the panel 374, Other EMI gaskets can be supported

within the entrance 326.

{00126] An elongated heat transfer member 336 is shown that extends lengthwise of the
housing 322, As noted above, it has a base 338 and a cantilevered rear end 339 that extends
past the rear wall 324 of the housing 322 and which contains a plurality of heat-dissipating
fins 340 that extend downwardly and widthwise of the module housing 322, The base 338
has a flat bottom surface which i3 intended to make contact with an opposing surface of an
inserted module in order to affect the transter of heat from the module to the base portion and

into the atmosphere by way of the heat-dissipating fins 340.

{006127] The housings 322 and their corresponding internal connectors 330 are mated for
use in high speed data transmission applications. FHach housing, typically when attached to a
panel, defines a connector port for a pluggable module that serves one or more data
transmission lines, or channels. In order to indicate the operational status of these channels,

indicator lights are utilized that are visible from the tront panel. The lights can indicate by
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color or lumination if a port (and its associated channels) 1s connected, active, down or the
like. These indicator lights facilitate the installation of data transmission devices and permit

an installer to confirm proper operation of the ports and channels.

{00128} Prior art indicator systems, such as U.S. Patent No. 5,876,239 mentioned in the
Background Section above, have utilized plastic pipes as hight transmission conduits. This
involves usually mounting a lighting element such as a light-emitting diode (LED) on the
circuit board of the device and contacting the LED with one end of the plastic pipe. The
other end of the pipe extends to the face panel and into a hole in the panel. The problem with
such a structure is that the light pipes must often take a non-linear path. Turns, bends and
offsets reduce the amount of light transmitted and when pipes for different channels are
located close to each other the colored light in one pipe may affect the color of the light in the
adjacent pipe, thereby creating visual crosstalk and possibly effecting the indication of the

correct operational status of the device ports.

{00129] FIG. 21 illustrates an indicator light assembly 342 constructed in accordance with
the principles of the present disclosure. In this assembly 342, the LEDs 344 are brought as
close as they can to the indicator openings 343 associated with each connector port without
the use of any plastic transmission material. This is done by mounting an array of LEDs 344
onto a substrate 346. The substrate 346 may be a circuit board shaped in the form of a
horizontal bar that extends widthwise over the housing 322 as shown 1n FIGS. 20 & 20C.
The LEDs 344 may include bases 345 that are mounted to the substrate. When a circuit
board is used as the substrate 346, the LEDs 344 may be terminated to circuits with end
points at a termination area of the substrate. In FIGS. 20A and 20C, this is Hlustrated as a
connector 347, preferably of the wire-to-board style. In order to connect the LEDs 344 1o
their associated operational circuits, typically on the device circuit board, a plurality of
conductive wires 348 are provided and the distal ends 351 of the wires 348 are terminated to
a second connector 353, which is mateable with a corresponding opposing connector

mounied to the circuit board of the device.

{0013¢] The LEDs 344 and their supporting substrate 346 define a light bar that may be
mounted on the module housing top wall 327 proximate to the entrance 326 and the face
panel so that the LEDs 344 are received within the indicator openings 343 of a tace panel

374. (FIG. 23.) The wires 348 are by their very nature flexible and hence, a designer has
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many possibilities for reduced space mounting of the assemblies 320, The need for plastic
pipes extending from the circuit board either behind or alongside the module housing to the
front end 325 is eliminated. Also, there are no transmission losses to incur through bends and
tumns of the wires 348 as they transmit only low power signal to the LEDs 344, In effect, the
indicating lights 344 are generated at the face plate and the likelihood of dimmed lights or
muted (through light crosstatk)y lights is virtually eliminated, leading to correct operational
status indications. Locating the indicator lights near the faceplate or bezel frees up space on
the circuit board 321 behind and alongside the housing 322, and facilitates lower design costs

of the device.

{00131} A support bracket 49 is illustrated for supporting the LEDs 344 and their substrate
346 and the bracket 349 has an overall L-shape with a flat base 350 and one or more flanges
352 that extend at an angle to the base 350, shown upwardly in FIGS. 20A and 20D, The
base 350 may have holes 356 that engage posts 357 formed as part of the housing top wall
327 which may be dead-headed to attach the bracket 349 1o the housing 322, The flanges 352
may include rivets for attaching the substrate 346 to the bracket 349. Due to its proximity to
the heat transfer member 336, the bracket 349 may include retainers in the form of spring
arms 360 that are elastically formed with a preload for exerting a retention pressure on the
heat transfer member 336 to maintain it in place on the module housing 322 and in contact

with the inserted module.

{00132} The bracket base 350 may include upright tabs 362 (FIG. 20A) to which are joined
cantilevered contact arms 364 that extend downwardly therefrom at an acute angle thereto.
The contact arms 364 terminate in free ends 366 that are formed with a preformed downward
bias to preferably at least partially extend into the access opening 334 that communicates
with the hollow interior of the housing 322 tn which the internal connector 330 is located.
When the heat transfer member 336 15 engaged with the housing 322, the base 338 of the heat
transfer member 336 projects partially through the access opening and into contact with an
inserted module. In this instance, the top surface of the base 338 is contacted by the contact

arm free ends 366 which exert a downward retention force thereon.

{00133] The use of the hight bar and flexible connecting wires as shown and described
facilitates the design on electronic devices. For example, as shown in FIG. 22, two or more

housings 322 may be oriented horizontally while stacked vertically on top of each other.
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Because there is no light pipe support structure associated with the bottom housing, it is
gasier to stack the two housings 322 together. This can be done by way of fasteners, such as
screws 370, 371 that are received within corresponding bosses 368 that are formed as part of
the housing 322, OUne set of screws 370 may engage the other set 371, FIG. 23 illustrates
another manner of stacking the housings 322 together that is facilitated by the use of the
indicator light assemblies 342 of the present disclosure. In these Figures, the module
housings 322 are oriented vertically and stacked together horizontally. In this regard,
mounting nests 376 are provided which have a general U-shape with a base portion 378 that
is flanked by two sidewalls 380. Openings 381 in the mounting nests 376 which are aligned
with the fastener bosses 368 permit screws 382 to be used to hold the three module housings
322 shown tn FIG. 23, The distal connectors 353 of the LEDs 44 may engage other

connectors that are easily located on the circuit board.

{00134] FIGS. 24-24A illustrate the use of the indicator light assembly 342 with a housing
having a thermal transfer member 384 that has longitudinal heat-dissipating fins 385
separated by intervening airflow spaces 380, In this embodiment, as with the previously
discussed embodiments, the LEDs 344 and the substrate 346 may be attached to or formed
with the support bracket 349 to form an integrated, one-piece assembly. The flexible
connecting wires 348 can be routed alongside of the fins 385 and held in place by supports
such as wire combs 388. In this manner all of the spaces 386 between the fins 385 are used

for cooling as none of them accommodate light pipes or light pipe supports.

{00135} The disclosure provided herein describes features in terms of preferred and
exemplary embodiments thereof.  Numerous other embodiuments, modifications and
variations within the scope and spirit of the appended claims will occur to persons of ordinary

skill in the art from a review of this disclosure.
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We claim:

I A bipass assembly, comprising:

a device with a first panel and a second panel;

a chip package supported by the support structure, the chip package including a chip
supported on a substrate, the chip package including leads extending from the chip to
respective first contacts and leads from the chip to second contacts, the first and second
contacts positioned at termination areas of the substrate;

a first cable and a second cable, the first cable including a first pair of signal
conductors and the second cable including a second pair of signal conductors, the first and
second pairs of signal conductors each having a drain wire and a first end and a second end
associated therewith, wherein the first cable is terminated to the first contacts and the second
cable is terminated to the second contacts;

an entry connector positioned in the first panel, the entry connector electrically
connected to the chip package vie the first cable; and

an exit connector positioned in the second panel, the exit connector electrically
connected to the chip package via the second cable, wherein the second cable is terminated to
the second contacts and wherein the entry and exit connectors, the entry and exit connectors
configured to mate with respective opposing connectors so as to define, in operation, high

data-rate capable transmission lines extending from the chip to the entry and exit connectors.

2. The bypass assembly of Claim 1, wherein the contacts of the chip package
coliectively define a BGA, a PGA or a LGA.
3. The bypass assembly of Claim 1, wherein the entry connector is an VO connector and

the exit connector is a backplane connector.

4. The bypass assembly of Claim 1, wherein the first and second panels are on opposite

sides of device.

5. The bypass assembly of Claim 1, wherein the first pair signal conductors and the
second pair of signal conductors are spaced apart and both the first and second pairs of signal

conductors have substantially the same spacing.

- 36 -
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6. The bypass assembly of Claim 1, wherein the entry connector includes:

a conductive, four-sided connector housing having opposing tirst and second ends, the
housing including a pharality of walls contacting each other and defining a connector passage
that is holiow and extends completely therethrough between the first and second ends;

a receptacle connector disposed in the connector, the receptacle connector including a
body portion supporting a plurality of conductive signal and ground terminals in distinct rows

defining a card-receiving slot therebetween.

7. The bypass assembly of Claim 6, wherein the connector passage includes an interior
taper that provides an interference contact with two opposing sides of the receptacle
connector to thereby provide an EMI seal between the sides of the receptacle connector and
the conductive housing, the receptacle connector further being restrained from linear
movement within the passage and further including two EMI seal members extending
widthwise along top and bottom sides of the receptacle connector and within the connector
passage, the EMI seal members including EMI absorbing material that engages inner surfaces

of the connector passage in a interference fit.

3. The bypass assembly of Claim 6, wherein the connector passage includes shoulders
that exert a compressive interference engagement force on the receptacle connector body in

two different directions.

9. The bypass assembly of Claim 1, further including a visual indicator bar supported
thereon proximate a front end of the entrv connector, the visual indicator bar inclhuding a
plurality of LEDs for indicating operational conditions of a connector port defined by the
connector housing, the counector housing having no light transmitting materials extending

between its front end and a circuit board to which the connector housing is mounted.

10.  The bypass assembly of Claim 1, further including a heat sink associated with the
connector housing, the counector housing having an opening disposed in one surface thereof
and which receives the base of an elongated heat sink, the base extending downwardly into
the hollow passage for contacting a surface of an opposing mating connector inserted therein,

and the heat sink base includes a contact member that extends into the connector housing

~J
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hollow passage, the heat sink further including a cantilevered, heat transfer portion that
extends rearwardly of the connector housing, the heat transfer portion including a plurality of

spaced apart fins extending downwardly rearwardly of the connector housing,

11 The bypass assembly of Claim 1, wherein the heat sink further include a lengthwise
channel with a heat pipe extending between the heat sink contact portion and the heat transfer

portion.

12, The bypass assembly of Claim 6, wheretn the receptacle connector includes an
insulative connector housing supporting at least two arrays of conductive terminals, the two
terminal arrays being spaced apart from each other vertically to define a card-receiving slot
therebetween and the terminals in each array being spaced horizontally from each other, the
connector including a structure that promotes the signal integrity of data signals passing
therethrough by way of an impedance transition from bypass cable wires to the circuits of a

circuit card of an opposing mating connector.

13, The bypass assembly of Claim 12, wherein the impedance transition is from between
about 85 to between about 100 ohms within a preselected tolerance level and is accomplished
in three adjacent zones, wherein one of the three zones has a hot melt adhesive surrounding
portions of the terminals and wherein a second of the three zones has a liquid crystal polymer
surrounding portions of the terminals, and wherein a third of the zones has air surrounding

portions of the terminals,

t4.  The bypass assembly of Claim 13, further including a ground shield disposed in the
connector housing above one of the two terminal arrays and drain wires of the cables are

connected to the ground shield.

1S, The bypass assembly of Claim 14, wherein the terminals have configurations that

vary in width along the lfength of the terminals that tune the impedance thereof

16.  The bypass assembly of Claim 6, wherein the connector housing is shielded on four

contiguous sides.
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17.  The bypass assembly of Claim 6, wherein the receptacle connector includes a pair of
connector elements, each connector element tncluding a plurality of terminals arranged in a
row and axially aligned with the cable signal conductors and grounds, two of the connector
elements being stacked together to define two spaced-apart rows of terminals and a card-

recetving slot flanked by the two rows of terminals.

18. The bypass assembly of Claim 17, wherein the connector housing includes a rear wall
and the connector elements engage the connector housing rear wall to at least position the
internal receptacle connector in the connector housing interior space and close off the

housing interior.

19, The bypass assembly of Claim 18, wherein exterior portions of the connector

elements are conductive and engage the connector housing,

20, The bypass assembly of Claim 7, wherein the receptacle connector is positioned
within the connector housing interior space so that a clearance is present above and below

two connector elements, and that clearance is filled with the EMI seal members.

21, The bypass assembly of Claim 6, wherein one of the connector housing four sides
includes a bottom wall with at least one pair of engagement flaps, one of the pair engaging an
outer surface of a sidewall of the connector housing, and the other of the pair engaging an

inner surface of the connector housing sidewall.

22, The bypass assembly of Claim 20, wherein the EMI seal members at least partially

overlie the terminal tail portions.

23, The bypass assembly of Claim 16, wherein the cables are terminated to the receptacle
connector at proximal ends thereof and the opposing, distal ends of the cables are terminated

to a processor or a chip package.

24, The bypass assembly of Claim 17, wherein the receptacle connector includes a ground
plane interposed between the connector elements, and a plurality of cable ground busses

which are spaced apart from the ground plane, each of the cable ground busses having a base
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portion that at least partially extends over proximal ends of signal conductors of the first wire
patrs, the cable ground busses fusther including contact portions extending toward the
receptacle connector ground terminals and being terminated to tail portions of ground

terminals.

25, The bypass assembly of Claim 24, wherein the cable ground buss contact portions are
vertically oftset with respect to the cable ground busses so that the cable ground busses are
spaced apart from the ground plane and each other, and further extend over part of the

terminal tail portions.

26.  The bypass assembly of Claim 25, wherein the drain wires of the first wire pairs
include free ends extending out of plane of the first wire pair signal conductors, the drain
wire free ends further being configured to lie tlat upon the cable ground busses in contact

therewith.

27.  The bypass assembly of Claim 26, wherein each of the drain wires is terminated to a

cable ground buss between two contact portions thereof.

28 The bypass assembly of Claim 24, wherein the cable ground busses include three
contact portions spaced widthwise of the connector element and terminated to ground
terminal tail portions such that each contact portion extends lengthwise adjacent a pair of

twin-ax cable signal conductors.

29, A chip package bypass assembly for connecting an integrated circuit to an external
connector interface without the use of traces on a circuit board, comprising;

a chip package, the chip package including an integrated circuit supported ou a
substrate, the substrate including a plurality of contacts disposed on opposing first and second
surfaces of the substrate, the chip package further including high speed leads extending from
high speed data transmission circuits of the integrated circuit to associated first and second
contacts disposed at termination areas of the substrate;

at teast one cable containing a first wire pair, the first wire pair including a
pair of ditferential signal conductors extending lengthwise between first and second free ends

of the cable, and a drain wire associated with the first wire pair;

- 40 -
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an external connector interface including a conductive housing body having a
plurality of walls that cooperatively define a hollow 1unterior space, one of the walls including
a bottom wall that extends completely across a bottom of the housing body and which closes
off a bottom of the housing body interior space, the housing body further including a front
end with an entrance communicating with the interior space;

a conuector disposed within the housing body interior space, the connector
including an insulative housing and including at feast two connector elements therein, each
connector element including conductive signal and ground terminals with contact portions for
contacting opposing contacts of a mating connector, and tail portions for terminating to the
cable, the contact and tail portions extending lengthwise through the connector;

first free ends of the signal conductors of the first wire pair being directly
terminated to corresponding tail portions of the signal terminals of the connector and the
drain wire of the first wire pair being terminated to at least one corresponding ground buss of
the connector, the first wire pair and drain wire extending through a rear wall of the housing
body; and,

second free ends of the signal conductors and drain wire of the first wire pair
being terminated to the chip package substrate to thereby define a first high speed
transmission line extending from the integrated circuit high speed data transmission circuit to

the external connector port.

30. The chip package bypass assembly of Claim 29, wherein the drain wire of the first
wire pair is terminated to an additional ground terminal of the internal connector, the one and

additional ground terminals flanking a pair of signal terminals.

31, The chip package bypass assembly of Claim 29, further including a second cable
containing a second wire pair, the second wire pair including a pair of differential signal
conductors extending lengthwise between first and second free ends of the second cable, each
signal conductor being enclosed within an dielectric cover, and a drain wire associated with
the second wire pair;

first free ends of the signal conductors of the second wire pair being
terminated to corresponding tatl portions of the signal terminals of the connector and the
drain wire of the second wire pair being terminated to at least one other corresponding

ground buss of the internal connector; and,
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second free ends of the signal conductors and drain wire of the second wire
patr being terminated to the chip package substrate to thereby define a second high speed
transmission line extending from the integrated circuit high speed data transmission circuit to

the external connector port.

32, A chip package bypass assembly for connecting a processor to an /O connector
without the use of traces on a circuit board, comprising;

a chip package, the chip package including an integrated circuit supported ou a
substrate, the substrate including a plurality of contacts disposed on opposing first and second
surfaces of the substrate, the chip package further including high speed leads extending from
high speed data transmisston circuits of the integrated circuit to associated first and second
contact pads disposed at termination areas supported by the substrate on a surface other than
the substrate second surface, and leads other than high speed leads extending from circuits
other than the integrated circuit high speed data transmission circuits to contacts supported by
the substrate second surface;

at least one cable containing a first wire pair, the first wire pair including a
pair of differential signal conductors extending lengthwise between first and second free ends
of the cable, and a drain wire associated with the wire pair;

an VO connector including an insulative housing and including at least two
connector elements therein, each connector element including conductive signal and ground
terminals with contact portions for contacting an opposing connector and tail portions for
terminating to the cable, the contact and tail portions extending lengthwise and terminals
having equal lengths;

first free ends of the signal conductors of the first wire pair being directly
terminated to corresponding tail portions of the signal terminals of the VO connector and the
drain wire of the first wire pair being terminated to at least one corresponding ground buss of
the connector, the first wire pair and drain wire extending through a rear wall of the
connector element; and,

second free ends of the signal conductors and drain wire of the first wire pair
being terminated to the chip package substrate to thereby define a first high speed
transmission line extending from the integrated circuit high speed data transmission circuit to

the external connector port.
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33.  The chip package bypass assembly of Claim 32, wherein the drain wire of the first
wire pair is terminated to an additional ground terminal of the tnternal connector, the one and

additional ground terminals flanking a pair of signal terminals.

34, The chip package bypass assembly of Claim 32, further including a second cable
containing a second wire pair, the second wire pair including a pair of differential signal
conductors extending lengthwise between first and second free ends of the second cable, each
signal conductor being enclosed within an dielectric cover, and a drain wire associated with
the second wire pair,

first free ends of the signal conductors of the second wire pair being
terminated to corresponding tatl portions of the signal terminals of the connector and the
drain wire of the second wire pair being terminated to at least one other corresponding
ground buss of the internal connector; and,

second free ends of the signal conductors and drain wire of the second wire
pair being terminated to the chip package substrate to thereby define a second high speed
transmission line extending from the integrated circuit high speed data transmission circuit to

the external connector port.

35.  The chip package bypass assembly of Claim 32, wherein the internal connector
includes a receptacle connector with a card-receiving slot and the connector elements are
arranged within the housing body interior space to define two rows of terminals on opposite

sides of the card-receiving slot.

36.  The chip package bypass assembly of Claim 32, further including a termination nest
in which the tail portions of the connector terminals extend, and the first and second wire

pairs are adjacent each other in a single row of terminals within the termination nest.

37. A module housing with a heat sink assembly for removing heat from a module
inserted into the module housing, comprising:

a housing body having a plurality of walls cooperatively defining an interior
bay thereof for receiving at least one module therein, the housing body having a front
entrance configured to permit insertion of a2 module therein and a contact opening in a top

thereof communicating with the intertor bay;
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a heat transfer member engaging the housing body and having a base that at
least partially projects into the housing body contact opening, the heat transfer member
including a thermal contact surface contronting the interior bay; and,

a heat dissipating member joined to the heat transfer member and extending
away from the heat transfer member lengthwise of the housing body in cantilevered fashion
rearwardly of the housing body, the heat dissipating member including a plurality of heat-
dissipating fins extending downwardly from the heat dissipating member in an area rearward

of the housing body.

38.  The module housing of Claim 37, further including a heat pipe extending lengthwise

along the heat transfer and heat dissipating members in thermal contact therewith.

39. The module housing of Claim 38, wherein the heat pipe has a non-circular
configuration.
40, The module housing of Claim 38, wherein the heat transfer and heat dissipating

members are vertically offset from each other and the heat pipe includes distinct evaporator

and condenser regions, the condenser region being disposed above the evaporator portion.

41 The module housing of Claim 37, wherein the heat-dissipating fins extend to a level

beneath a plane in which the thermal contact surface extends.

42.  The module housing of Claim 37 wherein the module housing further includes;

an internal receptacle connector supporting a plurality of signal and ground
terminals; and,

a plurality of cables terminated to the signal and ground connectors, the cables
extending out of a rear wall of the module housing and the cables being terminated at distal

ends thereof, to a chip package.

43, An external connector port for receiving a pluggable module of a host device, the

connector port having with an tndicator light assembly, comprising:

.44 .



WO 2016/112379 PCT/US2016/012848

a housing body having a hollow interior tor receiving at least one module
therein, the housing having a front entrance, two side walls, a rear endwall, and top and
bottom walls, the bottom wall completely sealing off a bottom of the housing body; and,

a plarality of indicator lights supported on the housing body proximate to the
housing body front entrance, the indicator lights including LEDs, the indicator lights being
connected to individual flexible wires, distal ends of the wires being aggregated together as a
unit, the LEDs being arrayed on a substrate and the substrate being joined to a bracket for

engaging the housing body.

44.  The connector port of Claim 43, further including a second housing bedy, the two
housing bodies being supported in two respective mounting nests, and the two housing bodies
and mounting nests being attached together with fasteners extending through the mounting
nests into engagement with the two housing bodies to form an integrated module port

assembly.
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