w0 2019/136199 A2 | NI 000 00000 A 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO0 OO A0

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2019/136199 A2
11 July 2019 (11.07.2019) WIRPOIPCT
(51) International Patent Classification: EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
HOIR 4/2416 (2018.01) HOIR 13/6581 (2011.01) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
HOIR 13/627 (2006.01) TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(21) International Application Number: KM, ML, MR, NE, SN, TD, TG).

PCT/US2019/012260 Published:
(22) International Filing Date: —  without international search report and to be republished
04 January 2019 (04.01.2019) upon receipt of that report (Rule 48.2(g))
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
62/614,048 05 January 2018 (05.01.2018) UsS

(71) Applicant: MOLEX, LLC [US/US]; 2222 Wellington
Court, Lisle, [llinois 60532 (US).

(72) Inventors: GILKEY, David, c/o Molex, LLC, 2222
Wellington Court, Lisle, [llinois 60532 (US). REISDORF,
Paul A.; c/o Molex, LLC, 2222 Wellington Court, Lisle,
[linois 60532 (US). GRAY, Paul; ¢/o Molex, LLC, 2222
Wellington Court, Lisle, Illinois 60532 (US). DEMORE,
Michael J.; c/o Molex, LLC, 2222 Wellington Court, Lisle,
Mlinois 60532 (US). YOO, Sungjong, c/o Molex, LLC,
2222 Wellington Court, Lisle, Illinois 60532 (US). JAVED,
Ali; c/o Molex, LLC, 2222 Wellington Court, Lisle, [llinois
60532 (US).

(74) Agent: MOON, Clarence R.; Molex, LLC, 2222 Welling-
ton Court, Lisle, Illinois 60532 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: LOW PROFILE ELECTRICAL CONNECTOR SYSTEM WITH DIFFERENTIAL PAIR CABLE INTERFACE

(57) Abstract: Anelectrical connector includes a differential signal pair. A portion of each terminal is disposed in an insulative housing
and an electrically conductive shield extends around at least a portion of the terminals and a least a portion of the housing. The housing
may have a lower surface and a projection extending downward from the lower surface between a portion of a vertical section of each
of the terminals. The terminals may have an angled section including a vertical portion having a first width, an angled portion narrower
than the vertical portion, and a horizontal portion narrower than the angled portion. The housing may have a housing mating component
spaced from a housing body component and aligned with but spaced from the terminals. The terminals may have a planar termination
section with a first portion wider than a second portion.



WO 2019/136199 PCT/US2019/012260

LOW PROFILE ELECTRICAL CONNECTOR SYSTEM WITH DIFFERENTIAL
PAIR CABLE INTERFACE

RELATED APPLICATIONS

{0061}  This patent application claims the benefit of U.S. Provisional Patent Application No.

62/614,048, filed January 5, 2018, which 1s incorporated herein by reference.
FIELD OF THE INVENTION

{0062] The present invention relates to the field of electrical connectors and, in particular,
multi-conductor shielded and unshielded electrical connectors used in cable harnesses of

vehicles.
DESCRIPTION OF RELATED ART

{6003]  Typically traditional wire harness manufacturing presents a “single wire” approach
to the manufacture of wire harnesses used in vehicles (i.e, a single lead wire is terminated to a
terminal).  With significant ncreases in the volume and complexity of in-car electronics,
networking solutions that offer low-cost, high speed transmission and bandwidth are becoming
ever more necessary. In many instances, certain applications require high data rate transfer and

use of a balanced or impedance tuned differential pair transmission links is required
BRIEF SUMMARY

{0004} A connector system is provided that 1s used with a wire harpess to interconnect these
various devices. The connector system includes a first connector and a second connector for
complete mechanical and electrical connection and utilizes a shielded twisted pair or twin-ax
cabling system. The connectors include a pair of spatially and geometrically arranged electrical
terminals configured within a shielded sub-connector or module that are retained in the first

and second connecters of the connector system.

{0065]  To better understand the above-described objectives, characteristics and advantages
of'the present invention, embodiments, with reference to the drawings, are provided for detatled

explanations.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0006]  The present invention is tllustrated by way of example and not himited in the

accompanying figures in which like reference numerals indicate similar elements and in which:

{0067}  FIG. 1 depicts a perspective view of a vehicle harness connector assembly according

to a first embodiment of the present disclosure;

{0008} FIG. 2 depicts a perspective view simtlar to FIG. 1 but with the vehicle hamess

connector assembly in an unmated condition;

100097  FIG. 3 depicts a perspective view of one of the connectors of the vehicle harness

connector asserably of FIG. 1;
{6010}  FIG. 4 depicts a partially exploded rear perspective view of the connector of FIG. 3;

{6011}  FIG. S depicts a partially exploded front perspective view of the connector of FIG.
3 .

2

{0012}  FIG. 6 depicts a rear perspective view of a terminal module for use with the

connector of FIG. 3;

{0013} FIG. 7 depicts a front perspective view of the terminal module of FIG. 6;

{0014} FIG. 8 depicts an exploded rear perspective view of the terminal module of FIG. 6;
{0015} FIG. 9 depicts an exploded front perspective view of the terminal module of FIG. &

{0016} FIG. 10 depicts an exploded rear perspective view of a terminal assembly of the

terminal module of FIG. 6;

{06171 FIG. 11 depicts an exploded front perspective view of the terminal assembly of FIG.

10;

i0018] FIG. 12 depicts a side view of the terminal assembly of FIG. 11;

2

00197  FIG. 13 is a front perspective view of a second connector of the vehicle harness

connector assernbly of FIG. 1;
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{6020}  FIG. 14 is a rear perspective view of the connector of FIG. 13;
{0021}  FIG. 15 is a partially exploded perspective view of the connector of FIG. 13;
{0022}  FIG. 16 1s a partially exploded perspective view of the connector of FIG. 14;

{0023]  FIG 17 is a front perspective view of a cable connector assembly for use with the

connector of FIG. 13;
{0024} FIG. 18 15 a rear perspective view of the cable connector assembly of FIG 17

{6025} FIG. 19 is a partially exploded front perspective view of the cable connector

assembly of FIG. 17,

{0026}  FIG. 201s a partially exploded rear perspective view of the cable counector asserably

of FIG. 18;

100271  FIG. 21 1s a top plan view of an assembled cable and terminal module of the cable

connector assernbly of FIG. 17;

{6028] FIG. 22 depicts a front perspective view of a vehicle harpess connector assembly

according to a second embodiment of the present disclosure;

{0029]  FIG. 23 depicts a perspective view similar to FIG. 22 but with the vehicle harness

connector assembly in an unmated condition;

{6030] FIG. 24 depicts a rear perspective view of one of the connectors of the vehicle

harness connector assembly of FIG. 22;
{00311  FIG. 25 depicts a partially exploded perspective view of the connector of FIG. 24;

{00321  FIG. 26 depicts a partially exploded front perspective view of the connector of FIG.
24;

100331 FIG. 27 depicts an exploded rear perspective view of a first embodiment of a

terminal module for use with the connector of FIG. 24;

{6034} FIG. 28 depicts an exploded front perspective view of the terminal module of FIG.

27
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{0035]  FIG. 29 depicts an exploded rear perspective view of a terminal assembly of the

terminal module of FIG. 27,
{0036]  FIG. 30 depicts a rear view of the terminal assembly of FIG. 29,

{00377 FIG. 31 1s a fragmented bottom perspective view of an intermediate housing

component and the terminals of the terminal assembly of Fig. 29;
{0038} Fig 32isatop plan view of the terminal assembly of Fig. 29;

{00397 FIG. 33 depicts an exploded rear perspective view of a second embodiment of a

terminal module for use with the connector of FIG. 24;

i0040] FIG. 34 depicts an exploded front perspective view of the terminal module of FIG.
33

{0041] FIG. 35 depicts an exploded rear perspective view of a terminal assembly of the

terminal module of FIG. 33;
{0042]  FIG. 36 depicts a rear view of the terminal assembly of FIG. 35;
{6043}  Fig. 37 1is a top plan view of the terminal assembly of Fig. 35;

{0044} FIG. 38 1s a front perspective view of a second connector of the vehicle hamess

assembly of FIG. 22;
{0045}  FIG. 39 1s a rear perspective view of the connector of FIG. 38;
{0046]  FIG. 40 15 a partially exploded perspective view of the connector of FIG. 39;

{0047} FIG. 41 is a front perspective view of a cable connector assembly for use with the
connector of FIG. 38;
{0048] FIG. 42 1s a partially exploded rear perspective view of the cable connector assembly

of FIG. 41; and

100497  FIG. 43 is a top plan view of an assembled cable and terminal module of the cable

connector asserbly of FIG. 42
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DETAILED DESCRIPTION

{0050]  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 to form additional variations that were not

otherwise shown for purposes of brevity.

{0051]  While the preferred embodiment of the invention have been shown and described, it
will be apparent to those skilled in the art that changes and modifications may be made therein
without departing from the spirit of the invention, the scope of which is defined by the

appended claims. Like members are designated by like reference characters.

{0052] The term “Connected Car” 15 an umbrella term used to encompass many elements
of in-car connectivity from infotainment to assisted vehicle technology and full autonomy.
Additional uses include vehicles that communicate with each other and the associated outside
infrastructure combined with the growing use of mobile devices and other new driver-
assistance technologies. The use of Ethernet technology will join together all of a car's
electronics systems, including the instrument cluster, the infotainment and the telematics

systems.

{00537  As illustrated in the accompanying figures, specifically FIGS. 1-2, a connector
systern 10 1s disclosed for an in-vehicle Ethernet networking systern. The connector systern 10
includes a first connector assembly 15 having a first insulating housing 10 that retains a
plurality of terminal modules 40 in an array and a second connector assermbly 70 having a
second insulating housing 71 that retains a corresponding plurality of cable plug connectors 90
in a similar array configured to mate with the first connector assernbly 15 along a mating axis
M. As depicted, an embodiment of the connector system 10 is shown as a right angle
arrangement but additional configurations such as a vertical arrangement or wire-to-wire

configuration are contemplated.

{0054]  As illustrated in FIGS. 3-12, the first connector assembly 15 is shown. The first
connector includes a housing 16, formed form an insulative material, that is contigured to retain
a plurality of terminal modules 25. The embodiment depicts four individual terminal modules
25 but any number of modules can be used. The housing 16 is generally rectangular in shape

and includes a mating end 17 and an opposite, module mounting end 18. The mating end 17
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includes an opening 20 for receiving a corresponding mating housing of a second connector.
The mounting end 18 has a plurality of receiving bays 21 formed therein in which the terminal
modules 25 are retained. A passage extends between the opening 20 and the receiving bays.
Each receiving bay 21 further includes a second downward facing opening 22 that
communicates with a circuit board 100 to facilitate mounting each terminal module 25 to the

appropriate contact pads and associated traces on the circuit board.

{0055]  An exemplary printed circuit board layout or footprint 101 1s illustrated in FIG. 4.
The footprint 101 includes a combination of contact pads 102 and plated through holes 103
The footprint 101 corresponds to the termination structure of the array of modules 25 held
within the housing 16 and is arranged along a longitudinal direction normal to the mating axis
M. The contact pads 102 engage tails 45, 55 formed from the terminals 37, 38 of each module
25 and are spaced apart and adjacent each other along a line parallel to the mating direction.
The plated through boles 103 are configured to receive integrally formed tabs 32 that are
formed on the shield 26 of each module 25. The plated through holes 103 are arranged adjacent
each contact pad 102 and positioned on alternating sides of each respective pad. The size and
geometry of the contact pads and traces can be adjusted to tune the signal integrity in the launch

area or the area at which each module 25 is connected to the circuit board 100,

{0056]  Asshownin FIGS. 6-12, details of the terminal modules 25 are tllustrated. Terminal
module 25 includes a conductive shield 26 disposed about a terminal assembly 35, The shield
26 includes mating end 27 and a board mount end 28 As depicted in FIG. 8, the shield 26
includes a U-shaped base portion 30 and a cover 31 that interlock together to completely
enclose the terminal assembly 35 other than at the mating end 27 and board mount end 28. The
mating end 27 of the shield 26 1s configured to engage a cooperating portion of a mating plug
connector 85, The cover 31 can include downwardly extending tails 32 configured to be
inserted into and secured within the plated through holes 103 in the circuit board 100. The

shield 26 may include structure for retaining the terminal assembly 35 within the shield.

{0087}  Referring to FIGS. 10-12, the terminal assemblies 35 include a pair 36 of electrically
conductive terminals arranged in a vertical fashion and aligned in an edge-to-edge manner.
The pair 36 of ternunals include an upper terminal 37 and a lower terminal 38 that define an
edge couplied differential signal pair. Gther terminal configurations are conterplated such as
a horizontal arrangement with the pair 36 of terminals being electrically coupled in a broadside

or body-to-body manner, or any combination of each.
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{0058]  Each terminal assembly 35 further includes an insulative housing 40 disposed
around each pair 36 of electrically conductive terminals. In an embodiment, the insulative
housing 40 may be insert molded around the terminals. To do so, a lead frame (not shown)
may be formed on which the terminals are stamped and formed and held together by a carrier
{not shown). A housing 40 may then be molded over or around portions of the terminals to
form the terminal assermbly 35 In another embodiment, the housing may be separately formed

and the terminals positioned therein.

{0059]  As depicted in FIGS. 10-12, the terminals 37, 38 of each pair 36 include specific
spacing and geometry, including but not limited to varying cross-sections, cut-outs, radii and
spacing gaps. Fach geometrical configuration and position may be specifically arranged to
optimize the signal integrity ("SI"} performance of each differential signal pair. Examples of
optimized SI tuning includes adjusting the spacing between the contacting portions of the
terminals to increase impedance. Notches may be formed along the terminals to match
impedance and create a balance signal transmission. Further, the housing 40 may also be
specifically formed to tune the SI performance of each terminal module 25. For example, the
housing 40 may include cross holes and apertures that interact with the specific geometry of
each terminal or terminal pair to effect the optimized SI performance. Accordingly, portions
of each terminal may he exposed to air or totally enclosed by insulative material of the housing
40 with additional adjustments to material thickness by either increasing or decreasing the
material in specific areas or regions. The dielectric constants of the insulative housing 40 and

air are strategically employed to further enhance the SI performance.

{0060]  In the depicted embodiment, the connector system 100 has been configured to have
an impedance of 100 chms along its entire length. Although the impedance at any particular
location along the electrical path may not be 100 ohms, the system is configured to optimize
performance about the 100 ohm goal. Accordingly, as discussed above the shield 26, terminals
37, 38 and housing 40 are formed to optimize S performance together with the mechanical

performance and manufacturability.

{0061} Referring to FIGS, 10-12, each of the terminals 37, 38 includes sequentially a tail
section, a vertical section, an angled transition section, a horizontal section, and a mating
interface section. Fach of the terminals 37, 38 includes a surface mount tail 45, 55,
respectively, configured to be mechanically and electrically connected to one of the contact

pads 102 on the circuit board 100 such as by soldering. The surface mount tails 45, 55 are
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identically configured but extend in opposite directions from their respective horizontal

sections.

{0062}  The amount of conductive material from the surface mount tails 45, 55, the contact
pads, and the solder decreases the impedance, while the spacing of the contact pads 102 in the
depicted embodiment of the circuit board 100 increase the impedance in that area. Further, the
shield 26 may not extend all of the way down to the circuit board 100 to facilitate the soldering
of the tails 45, 55 to the contact pads 102, The lack of shielding combined with the geometry
of the contact pads 102 increases the impedance at the circuit board termination area. The
spacing of the contact pads 102 and the lack of shielding compensate to some extent for the
clustering of conductive materials such as the contact pads, the surface mount tails 45, S5, and
the solder material. In addition, the housing 40 may be further optimized to 100 ohms by
providing a downward projection 41 extending between the lower portions 46, 56 of the
horizontal sections of the terminals 37, 38, respectively. Further, the projection 41 also ensures

that the terminals 37, 38 do not contact each other in the area adjacent the tails 45, 46.

{0063} The projection 41 operates to decrease the impedance between the lower portions
46, 56 of the vertical sections 47, 57 of the terminals 37, 38 to compensate for the increased
impedance at the interconnection between the surface mount tails 45, 55 and the contact pads
102. In some embodiments, a minimum spacing may exist between the lower surface 42 of the
housing 40 and the contact pads 102 in order to facilitate the soldering process. By only
including a projection 41 extending from the lower surface 42 between the terminals 37, 38,
the impact of the housing 40 on the soldering process may be minimized while improving the

electrical performance adjacent the circuit board termination area.

{0064}  The remaining vertical portion 47 of the upper terminal 37 has a constant width that
is the same width as that of the lower portion 46. However, the remaining vertical portion 57
of the lower terminal 38 has a stepped width that is narrower than the lower vertical portion
56. Both of the vertical portions 47, 57 are enclosed within the housing 40. An aperture 43 is
disposed in the housing 40 between the vertical portions 47, 57 to assist with securing the
terminals 37, 38 within a mold {(not shown} during the molding process. The aperture 43 along
the vertical portions 47, 57 increases the impedance along the vertical portions. Accordingly,
by providing a portion of the insulative housing 40 above and below the aperture 43 but
between the vertical portions 47, 57, a decrease in impedance is provided on both sides of the

aperture along the electrical path to electrically compeunsate for the aperture 43 1n the housing.
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{0065]  The angled transition sections 48, 58 of the terminals 37, 38 function to interconnect
the vertical portions 47, 57 with the horizontal sections 49, 59, As a result of the configuration
of the angled section transition sections 48, 58, the electrical path of the angled section 48 of
the upper terminal 37 is longer than the electrical path of the angled section 58 of the lower
terminal 37. In order to reduce signal skew and compensate for the difference in path lengths
between the angled section 48 and the angled section 58, a curved portion 44 of the housing 40
extends around the angled section 58 of the lower terminal while the angled section 48 of the
upper terminal 38 is surrounded by air. Due to the lower dielectric constant of air as compared
to that of the insulative material of the portion 44, signals traveling along the angled section 48
of the upper terminal 38 will travel faster than those traveling along the angled section 58 of

the fower terminal 37, thus compensating for the difference in path length.

{6066}  In addition, since the portion 48a of the transition section 48 adjacent the vertical
portion 47 of the upper terminal 38 ts surrounded by air, the impedance of the terminal pair 36
increases as it exits the housing 40. Accordingly, the portion 48a of the transition section 48
adjacent the vertical portion 47 has a reduced width to achieve a desired distance between the
transition section 48 of the upper terminal 37 and the transition section 58 of the lower terminal

38 to control the impedance of the pair 36 of terminals.

{0067] In an embodiment, the portion 50 of the transition section 48 adjacent the horizonial
portion 49 of the upper terminal 37 may be wider than the other portions of the transition
section as well as the horizontal section. This change in width may be provided to compensate
for the change in impedance as the signal travels from the transition section 48 in air to the

horizontal section 49 within the insulative housing 40,

{0068]  The distance between the horizontal portion 49 of the upper terminal 37 and the
horizontal portion 59 of the lower terminal 38 is set based upon the dielectric properties of the
insulative housing 40 to provide the desired 100 ohm 1mpedance. The distance between the
mating interface sections 51, 61 of the terminals 37, 38 is set to provide a desired distance or
pitch between terminals to optimize mating and electrical performance. In the depicted
embodiment, the mating ends 52, 62 of the terminals 37, 38 are configured as male pins of a
low force helix "LFH" mating systern. Terminals 37, 38 having other configurations are

contemplated.
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{0069]  As shown in FIGS. 13-14, the second connector assembly 70 is illustrated. The
second connector assembly 70 includes an insulative housing 71 that 1s configured to retain a
plurality of individual cable plug connector assemblies 80, The housing 71 ts configured to
engage the opening 20 at the mating end 17 of the first housing 16 of the first connector
assembly 15 As best shown in FIGS. 15-16, the housing 17 includes a plurality of openings
72 in a mating face 73 corresponding to the number of terminal modules 25 in the first
connector assembly 15 and an insertion opening 74 opposite the openings of the mating face.
individual mounting areas are formed within the insertion opening 74 by ridges 75 and are
configured to receive each of the plug connector assemblies 80 therein along the mating axis

M.

{00701  Asillustrated in FIGS. 17-21, a plug connector assembly 80 of the second connector
agsembly 70 13 shown. Fach plug connector assembly 80 includes a cable 81 and a cable
connector assembly 85, The cable 81 has a pair of signal conductors 82 and an integral

shielding layer 83 such as a shielded twisted pair cable or twin-ax cable.

{0071}  The cable connector assembly 85 includes a conductive shield 86 disposed about a
terminal module 95. The shield 86 is generally elongated and includes a first erimp portion 87
configured to be crimped around a portion of the cable 81 and a second crimp portion 88
configured to be crimped around to mechanically and electrically connect the shield to the
shielding layer 83 of the cable. A connector portion 89 of the shield 86 has a generally
rectangular configuration with a mating end 90 opposite the crimp portions 87, 88, The
connector portion 89 may include a U-shaped first portion 91 configured to engage a
cooperating U-shaped second section 92 to fully enclose the terminal module 95 (FIG. 21)

within the shield 86.

i0072] The terminal module 95 includes a pair of electrically conductive terminals 96
configured 1n an edge-to-edge relationship and arranged in a vertical manner to mate with the
terminals 37, 38 of the first connector assembly 15, The terminals 96 (other than their mating
interface sections 105) are identically configured except that they are a mirror image about a
centerline between the two terminals. In other embodiments having a different mating
interface, the tirst and second terminals may be symmetrically configured along their entire

jength. The terminals 96 are configured to define an edge coupled differential signal pair in

the same manner as the terminals 37, 38 of the first connector assembly 15
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{6073}  The terminal module 95 further includes an insulative body housing component 106
disposed about each pair 97 of terminals 96. In an embodiment, the body housing component
106 may be insert molded around the terminals 96 in a manner sumilar to that described above
with respect to the terminals 37, 38. In addition, a separate mating housing component 107 is
disposed within and supported by the shield 86 in a3 manner spaced from the body housing
component and adjacent the mating end 90 of the terminals. Further, the terminals 37, 38 and
the mating housing component 107 are configured so that the mating ends of the terminals 96
are disposed in and spaced from the mating housing component. More specificaily, the mating
housing component 107 has openings in the end to permit deflection of the mating ends 105

without contacting the mating housing component.

{0074]  As with the terminals 37, 38 of the first connector assembly 15, the terminals 96 of
the second connector assembly 70 include specific spacing and geometry and interact with the
housing components 106, 107 and the shield 86 to optimize SI performance of each differential
signal pair. The terminals 96 are also configured to maintain the 100 ohm impedance of the
entire connector system 10, In embodiments, it may be desirable to minimize the size of the
housing components 106, 107 in the mating direction to reduce the impact of housing
components and the mating tnterface on reaching the 100 ohm target. More specifically, by
providing the gap or space 109 (Fig 21) between the body housing component 106 and the
mating housing component 107, the impedance along the gap 109 is increased to compensate

for the decreases in capacitance due to the housing components and the mating interface.

{0075]  Referring to FIG. 21, the terminals 96 include sequentially a termination section 97,
a body section 100, and a mating interface section 105 The ternunation section 97 is
configured to be soldered or otherwise mechanically and electrically connected to the signal
conductors 82 of the cable 81. The ternunation section 97 includes a first enlarged portion or
projection 98 at the first end of the terminal 96 oppostie the mating interface section and a
second enlarged portion or projection 99 spaced from the first projection 98 In an

embodiment, the first projection 98 may be larger than the second projection 99,

{0076}  The first projection 98 is configured to reduce the impedance at the first end of the
terminal 96. This is desirable because the length of the signal conductor 82 immediately
adjacent the first end of the terminal 96 is unshielded as it exits the cable &1 and therefore has

relatively high impedance. Accordingly, by providing the relatively large first projection 98
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with a relatively low impedance, the first projection will compensate or offset the relatively

high impedance along the unshielded portion of the signal conductors 82,

{00777  The second projection 99 may be provided to improve the strength of the solder

connection between the signal conductor 82 and the termination section 97 of the terminal 96.

{0078} The body section 100 is depicted as having two spaced apart planar sections 101,
102 with a bend section 103 therebetween. The bend section 103 may be narrower than the
planar sections 101, 102 to control the impedance as a result of the body housing component

106 molded over the body section 100.

{00791  The mating interface section 105 of the terminals 96 is configured as a receptacle of
a low force helix mating syster in order to mate with the terminals 37, 38 of the first connector

assembly 15

{0080] During assembly of the plug portion of the plug connector, the terminals 96 are
soldered to the signal conductors 82 of the cable 81, A dispensed or molded insulator 108 is
subsequently formed arcund the terminated portions of the signal conductors 82 and the
termination section 97 of the terminals 96. The terminated cable 81 and terminal module 95
may be inserted into the shield 86 and the crimped portions 87, 88 crimped to the cable 81.
The second section 92 may be secured to the first portion 91 of the shield 86 to fully enclose

the terminal module 95.

{0081] In an embodiment, the mating housing component 107 may be inserted into the
mating end of the shield 86 prior to positioning the terminated terminal module 95 therein. In
another ernbodiment, the mating housing compounent 107 may be inserted after asserobling the

shield &6 and terminal module 95.

{0082]  In operation, the fully assembled first connector 15 is secured to a printed circuit
board 100 with the appropriate connections between the terminals of each module and shield
maintaining proper electrical connection to the corresponding traces on the printed circuit

~r
I
i

board. The second connector 70 is mated to the first connector 15 by inserting the mating
portion of the second housing into the opening formed in the first housing. Upon further
insertion, the shields of the terminal modules and shields of the plug portions engage each other
and, upon complete insertion, the terminals of the terminal modules and terminals of the plug

portions respectively engage.
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{0083] Referring to FIGS. 22-23, a second embodiment of a connector system 110 is
depicted. The connector system 110 ncludes a first connector assembly 115 and a second
connector assembly 170, The connector system 110 is similar to the connector system 10
described above in terms of the number of conductors and the operation of a plurality of 100

o

numbers and the description of some components may not be repeated herein.

{0084}  The first connector assembly 115 includes a housing 116, formed of an insulative
material, 1o which a plurality of terminal modules 125, 225 are disposed. The embodiment
depicts four individual terminal modules 125, 225 although any number of modules can be
used. The housing 116 1s similar to the housing 16 described above except that the housing
11615 configured in a manner to receive the terminal modules 125, 225, As a result, the housing

116 is taller and narrower than the housing 16,

{00683}  The circuit board 200 mcludes a layout or footprint 201 having a combination of
contact pads 202 and plated through holes 203 that corresponds to the footprint of the array of
modules 125, 225 retained within the housing 216, As depicted, the footprint 201 includes
pairs of contact pads 202 and plated through holes 203 that are spaced apart and aligned along

fongitudinal lines parallel to the mating axis M.

{0086}  The first connector assembly 115 includes two relatively short right angle terminal
modules 125 and two relatively tall right angle terminal modules 225 disposed within housing
116. Asbest seenin FIGS. 25-26, one short module 125 and one tall module 225 form a nested

pair of modules that are aligued paralle] to the mating axis M.

{0087]  Referring to FIGS. 27-32, details of the terminal module 125 are ilhustrated. The
terminal module 125 includes a two-piece conductive shield 126 disposed about a terminal
assembly 135, The conductive shield 126 has a first componeunt 127 and a second component
128 and is similar to the conductive shield 26 described above except that the tails 132 of the

conductive shield 126 are aligned in a direction transverse to the mating axis M.

{0088]  The terminal assembly 135 includes a pair of electrically conductive terminals 137,
138 that are bent at right angles and aligned in an edge-to-edge manner. The pair of terminals
includes a first terminal 137 and a second terminal 138 that define an edge coupled differential

signal pair. The first and second terminals 137, 138 (other than their mating interface sections
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158} are identically configured except that they are symmetrical about a centerline extending
between each pair of terminals. In other embodiments having a different mating interface, the

first and second terminals may be symmetrically configured along their entire length.

{0089]  FEach terminal assembly 135 further includes an insulative housing 140 configured
to support the pair of electrically conductive terminals. In an embodiment, the insulative
housing 140 includes a first or lower housing member 141 insert molded around a length of the
vertical section 146 of the terminals 37, 138 and a second or horizontal ~ housing  member
142 insert molded around a length of the horizontal section 155 of the terminals. An
intermediate housing member or cover 143 is mounted on the angled section 150 of the
terroinals. In other words, the intermediate housing member 143 is formed separately from the
fower housing member 141 and the horizontal housing member 142 and then mounted on the

terminals.

{0090}  Theintermediate housing member 143 1ncludes a right angle bend to follow the bend
in the terminals 137, 138 together with a pair of spaced apart inner chanunels 143a (FI1G. 31)
along the inner surface of the housing member. A central projection 143b extends downward
from an upper inner surface of the intermediate housing member 143 between the terminals
137, 138 to assist in positioning the housing member relative to the terminals. Other
configurations of the housing 140 are contemplated. For example, if desired, each of the
housing components can be insert molded around the termunals or each can be formed as a

separate component and secured to the terminals,

{0091]  As described above, the terminals 137, 138 and the housing 140 are configured to

optimize S1 performance with a target of 100 chms.

{0092]  Referring to FIG. 29, the pair of terminals 137, 138 include sequentially a tail section
145, a vertical section 146, an angled section 150, a honizontal section 155, and a mating
interface section 158, Unlike the terminals 37, 38 described above, the terminals 137, 138 are
disposed side-by-side horizontally and thus are edge coupled and have equal path lengths. Each
of the terminals 137, 138 includes a surface mount tail 145 configured to be mechanically and
electrically connected to one of the contact pads 202 on the circuit board 200 such as by
soldering. The vertical section 146 includes sequentially a first relatively narrow lower portion

147 and a second relatively wide upper portion 148.
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160931 A relatively large horizontal gap exists between the contact pads 202 which results
in a relatively high imopedance at the termination between the surface mount tals 145 and the
contact pads. While it may be desirable for the lower housing component 141 to extend
downward near the contact pads 202 to facilitate soldering of the surface mount tails 145 to the
contact pads, the lower surface 141a of the lower housing component must be at least a
specified distance from the contact pads. As a result of the lack of surrcunding insulative
material and to offset or compensate for the high impedance at the surface mount tails 145, the
lower portions 147 of the vertical section 146 of the terminals 137, 138 are relatively wide to

provide a desired gap between the adjacent edges of the terminals.

{0094]  The upper portions 148 of the vertical section 146 of the terminals 137, 138 are
relatively wide to decrease the distance between the adjacent edges of the terminals as the
terminals from the vertical section to the angled section. The relatively narrow gap between

the upper portions 148 functions to reduce the impedance along those portions.

{0095] The angled section 150 includes sequentially a vertical portion 151, an angled
portion 152, a first horizontal portion 153, and a second horizontal portion 154, The vertical
portion 151 extends continuously from the upper portion 148 and has the same width. The
angled portion 152 is slightly narrower than the vertical portion 151 which results in a lower
impedance. The first horizontal portion 153 has an even narrower width than the angled portion
152, The narrower width of the portion 153 has been found to be desirable to avoid an increase
in impedance that 13 believed to result from the change in direction occurring at the angled
portion 152, In other words, it is believed that a significant decrease in impedance would
otherwise occur absent the reduction in width of the horizontal portion 153 and the
corresponding increase in the distance between the two terminals 137, 138 at the first horizontal

portions 153,

{6096]  The second horizontal portion 154 1s wider than the first horizontal portion 153 to
fower the impedance of the terminals 137, 138 as they transition from being partially enclosed
in insulative material along the intermediate housing member 143 to being fully enclosed in

insulative material within the horizontal housing component 142,

{00971  The horizontal section 155 (FIG. 32) has a first portion 1506 that is the same width
as the second horizontal portion 154 of the angled section and is fully enclosed within the

insulative material of the horizontal housing member 142 and a second portion 157 that i3
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narrower and operates as a transition to the mating interface section 158 of the terminals. The
mating interface sections 158 of the termunals 137, 138 are set to provide a desired distance or
pitch between the terminals to optimize both the mating and electrical performance of the
connector system 110, In an embodiment, the mating interface sections 158 of the terminals
137, 138 are configured with a low force helix configuration. Terminals 137, 138 having other

configurations are contemplated.

{0098}  Referring to FIGS. 33-37, details of the terminal module 225 are illustrated. The
terminal module 225 includes a conductive shield 226 disposed about a terminal assembly 235,
The conductive shield 226 has a first component 227 and a second component 228 and is
stmilar to the conductive shield 126 described above except that the vertical and horizoutal legs
of the conductive shield 226 are longer to accommeodate the longer path length of the terminal

module 225

{0099}  The terroinal assembly 235 includes a pair of electrically conductive terminals 237,
238 that are similar to the terminals 137, 138 and are bent at right angles and aligned in an
edge-to-edge manner. The pair of ternunals 237, 238 define an edge coupled differential signal
pair. The first and second terminals (other than their mating interface sections 265} are
identically configured except that they are symmetrical about a centerline extending between
each pair of terminals. In other embodiments having a different mating interface, the first and

second terminals may be symmetrically configured along their entire length.

10100} Each terminal assembly 235 further includes an insulative housing 240 configured
to support the pair of electrically conductive terminals 237, 238, The insulative housing 240
is simtlar to the housing 140 and includes a first or lower housing member 241 insert molded
around a length of the vertical section 246 of the terminals 237, 238 and a second or horizontal
housing member 242 insert molded around a length of the horizontal section 257 of the
terroinals. Ao intermediate housing member or cover 243 is mounted on the angled section
251 of the terminals. The lower housing member 241 is similar to the lower housing member
141 and the horizontal housing member 242 is similar to the horizontal housing member except
that the housing members of the terminal assembly 235 are longer along the path of the
terminals 237, 238, In other words, the lower housing member 241 is taller than the lower
housing member 141 and the horizontal housing member 242 1s longer horizontally than the

horizontal housing member 142, The intermediate housing member 243 and the intermediate
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housing member 143 can be identically configured. As described above, other configurations

of the housing 240 are conternplated.

{0101} The pair of terminals 237, 238 include sequentially a tail section 245, a vertical
section 246, an angled section 251, a horizontal section 257, and a mating interface section
258. As stated above, the ternunals 237, 238 (other than their mating interface sections 265)
are disposed side-by-side and have equal path lengths and thus are identically configured
except that they are symmetrical about a centerline extending between each pair of terminals.
The surface mount tails 245 are identical to the surface mount tails 145 described above. The
vertical section 246 includes sequentially a first relatively wide lower portion 247, a relatively
narrow lower intermediate portion 248, an upper intermediate portion 249, and a fourth

relatively wide upper portion 250,

{0102} As described above, a relatively large horizontal gap exists between the contact pads
202 which results in a relatively high impedance at the termination between the surface mount
tails 145 and the contact pads. The limitations on the configuration of the lower housing
component 141 results in the lower portions 247 of the vertical section 246 of the terminals
237, 238 being relatively wide to provide a desired distance between the adjacent edges of the

terminals to offset or compensate for the high impedance at the surface mount tails.

{0103} The lower intermediate portions 248 of the terminals 237, 238 are relatively narrow
to increase the distance between the adjacent edges of the terminals since those portions are
completely enclosed in the plastic of the lower housing member 241. The upper intermediate
portions 249 of the terminals 237, 238 are somewhat narrower than the lower intermediate
portions 248 since a length of the intermediate portions is surrounded by plastic of the lower

housing member 241 and another length is surrounded by air.

{0104} The upper portions 250 are relatively wide to reduce the distance between the
terminals and thus increase the impedance of the terminal pair in that area. This has been found
to be desirable since the angled sections of the terminals 237, 238 are configured in an identical
manner as the angled sections 251 of the terminals 137, 138, Accordingly, the upper portions
250 of the vertical section 246 are configured to compensate for the configuration of the angled

section.
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{0105} As stated above, the angled sections 251 of the terminals 237, 238 are configured
in an identical manner as the angled sections 150 of the terminals 137, 138, Accordingly, the
angled sections 251 includes sequentially a vertical portion 252, an angled postion 253, a first
horizontal portion 254, and a second horizontal portion 255, The functionality of each of the
portions together with their interaction with the intermediate housing member 243 are tdentical
to the angled sections 150 of the terminals 137, 138 and the intermediate housing member 143

and therefore the description thereof is not repeated herein.

{0106} The horizontal section 257 (FIG. 37) is fully enclosed within the insulative material
of the horizontal housing member 242 and has five sequential portions of different widths. The
first portion 258 has the same width as the horizontal portion 255 of the angled section 251. A
second portion 260 1s narrower and operates as a transition to a narrower third portion 261, A
fourth portion 262 is wider and functions to decrease the impedance before the terminals
narrow at the fifth portion 263. The width of the fifth portion 263 is nasrower than the width
of the mating interface section 265 of the terminals 237, 238, The mating interface sections
265 of the terminals 237, 238 provide a desired distance or pitch between the terminals to
optimize both the mating and electrical performance of the connector system 110, The mating
interface sections 265 of the terminals 237, 238 are configured to mate with the mating interface

sections 158 of the terminals 137, 138.

10107} Referring to FIGS. 38-40, details of the second connector assembly 170 are
depicted. Each second connector assernbly 170 has a connector housing 171 configured to
mate with the receptacle or opening of the first connector housing 116. The connector housing

171 retains four plug connector assemblies 185 therein.

{0108} Referring to FIGS. 41-43, each cable connector assembly 185 includes a conductive
shield 186 disposed about a terminal module 195, The shield 186 is generally elongated and
includes a first component 187 and a second component 191, The first component 187 includes
a first crimp portion 188 configured to be crimped around a portion of the cable 81, a second
crimp portion 189 contigured to be crimped around to mechanically and electrically connect
the shield 186 to the shielding layer &3 of the cable, and a housing retention section 190
configured to mechanically engage the housing component 210, The second shield component
191 has a generally rectangular configuration with a first rectangular portion 192 configured to
be secured to the housing retention section 190 and a second rectangular portion 193 having a

mating end 194,
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16109} The terminal module 195 includes a pair of elecirically conductive terminals 196
configured in an edge-to-edge relationship and arranged in a horizontal manner to mate with
the terminals 137, 138 of the first connector assembly 115, The terminals 196 (other than the
mating interface sections 205} are identically configured except that they are a mirror image
about a centerline between the two terminals. The terminals 196 are configured to define an
edge coupled differential signal pair in the same manner as the terminals 137, 138 of the first

connector assembly 15,

{0116} The terminal module 195 further includes an insulative body housing component
210 disposed about each pair of terminals 196, In an embodiment, the insulative body housing
component 210 may be 1osert rnolded around the terminals 196 in a manner similar to that
described above with respect to the terminals 137, 138, In addition, a separate insulative mating
housing component 211 1s disposed within and supported by the shield 186 in a manner spaced
from the body component 210 and adjacent the mating end 194 of the second rectangular
portion 193, Further, the terminals 196 and the mating housing component 211 are configured
so that the mating ends 205 of the terminals are disposed in and spaced from the mating housing
component. More specifically, the mating housing component 211 has openings in the end to

permit deflection of the mating ends 205 without contacting the mating housing component,

{0111} As with the terminals 137, 138 of the first connector assembly 1135, the terminals
196 of the second connector assembly 170 include specific spacing and geometry and interact
with the insulative housing components 210, 211 and the shield 186 to optimize Sl performance
of each differential signal pair. The terminals 196 are also configured to maintain the 100 ohm
impedance of the entire connector system 10. In embodiments, it roay be desirable to minimize
the size of the housing components 210, 211 in the mating direction to reduce the impact of
housing components and the mating interface ov reaching the 100 ohm target. More
specifically, by providing the gap or space 213 (Fig. 43) between the body housing component
210 and the mating housing component 211, the impedance along the gap 213 1s increased to
compensate for the decreases in capacitance due to the housing components and the mating

interface.

10112} Referring to FIG. 43, the terminals 196 include sequentially a termination section
197, a body section 201, and a mating tnterface section 205, The termination section 197 is
configured to be soldered or otherwise mechanically and electrically connected to the signal

conductors 82 of the cable 81, The termination section 197 includes a first portion 198 at the
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first end 199 of the terminal 196 and a second reduced width portion 200 spaced from the first

end of the terminal.

{0113} The body section 201 is depicted as having two spaced apart planar sections 202,
203 with a bend section 204 therebetween. The bend section 204 and portions of the planar
sections 202, 203 include a narrowed length to control the impedance as a result of the

insulative housing 210 molded over the body section 201,

{0114} The mating interface section 205 of the terminals 196 is configured as a receptacle
of a low force helix mating system in order to mate with the terminals 137, 138 of the first

connector assembly 115,

{0115} During assembly of the cable connector assembly 185 of the second connector
assembly 170, the terminals 196 are soldered to the signal conductors 82 of the cable 81. A
dispensed or molded insulator 212 1s subsequently formed around the terminated portions of
the signal conductors 82 and the termination section 197 of the terminals 196. The terminated
cable 81 and ternminal module 195 may be inserted into the first component 187 of the shield
186 and the crimp portions 188, 189 crimped to the cable 81, The second shield component

191 may be secured to the first shield component 187 to fully enclose the terminal module 195,

{0116} In an embodiment, the mating housing 211 may be disposed in the mating end of
the second shield component 191 prior to interconnecting the first shield component 187 and
the second shield component. In another embodiment, the mating housing 211 may be inserted

after assembling the first shield component 187 and the second shield component 191 together.

0117} The disclosure provided herein describes features in terms of preferred and
exemplary embodiments thereof. Numercus other embodiments, 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:

1. An electrical connector for mounting to a circuit board, the circuit board
including a pair of conductive contact pads, the electrical connector comprising:

first and second electrically conductive terminals, each terminal having a surface
mount tail, a vertical section adjacent the surface mount tail and a contact section, the
terminals defining a differential signal pair,

an insulative housing, a portion of each terminal disposed in the housing, the housing
having a lower surface and a projection extending downward from the lower surface between
a portion of the vertical section of each of the first and second terminals; and

an electrically conductive shield extending around at least a portion of the first and

second terminals and a least a portion of the housing.

2. The electrical connector of claim 1, wherein the first and second electrically

conductive terminals are right angle terminals.

3. The electrnical connector of claim 2, wherein each terminal further includes a
horizontal section and an angled section connecting the vertical section and the horizontal
section, the housing extending continuously over a second portion of the vertical section, the

angled section, and a portion of the horizontal section of the first terminal.

4. The electrical connector of claim 3, wherein the housing extends over a second

portion of the vertical section and a portion of the horizontal section of the second terminal.

5. The electrical connector of claim 4, wherein the housing is tnsert molded around

the first and second terminals.

6. The electrical connector of claim 4, wherein at least a portion of the angled section

of the second terminal is not fully enclosed by the housing.

7. The electrical connector of claim 1, wherein the second terminal is longer than the

first terminal.
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8. The electrical connector of claim 7, wherein the first and second terminals are edge

coupled.

9. The electrical connector of claim 1, wherein the first and second terminals each
have a iength and the shield extends around substantially the entire length of the first and

second terminals.

10. An electrical connector for mounting to a circuit board, the circuit board
including a pair of conductive contact pads, the electrical connector comprising:

tirst and second electrically conductive right angle terminals, each terminal having a
surface mount tail, a vertical section, a horizontal section, an angled section, and a contact
section, the angled section connecting the vertical section and the horizontal section, the
angled section having sequentially a vertical portion, an angled portion and a horizontal
portion, the vertical portion having a first width, the angled portion being narrower than the
vertical portion, and the horizontal portion being narrower than the angled portion, the
terminals defining a differential signal pair,

an insulative housing, a portion of each terminal disposed in the housing; and

an electrically conductive shield extending around at least a portion of the first and

second terminals and a least a portion of the housing.

11. The electrical connector of claim 10, wherein the first and second terminals are a

mirror image of each other about a centerline between the terminals.

12. The electrical counector of claim 10, wherein the housing extends over a portion

of the vertical section and a portion of the horizontal section of the first and second terminals.

13. The electrical connector of claim 10, wherein the housing is insert molded around

the first and second terminals.

14. The electrical connector of claim 13, wherein the angled sections of the first and

second terminals are only partially enclosed by the housing.
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15. The electrical connector of claim 14, wherein an underside of the angled section

of the first and second terminals is not enclosed by the housing,

16. The electrical connector of claim 10, wherein the first and second terminals have

equal lengths.

17. The electrical connector of claim 16, wherein the first and second terminals are

edge coupled.

18. The electrical connector of claim 10, wherein the first and second terminals each
have a length and the shield extends around substantially the entire length of the first and

second terminals.

19. An electrical connector for termination to a cable, the cable including a pair of
signal wires and a ground conductor, the electrical connector comprising:

first and second electrically conductive terminals, each terminal having a termination
end and a mating end, each terminal further including a termination section adjacent the
termination end, a contact section adjacent the mating end, and a body section between the
termination section and the contact section, the termination section being configured for
termination to one of the signal wires, the terminals definung a differential signal pair;

an insulative housing having a body component and a mating component, a portion of
each terroinal being supported by the body component, the mating component being spaced
from the body component and aligned with but spaced from the contact section of the
terminals; and

an electrically conductive shield extending around at least a portion of the first and
second terminals and a least a portion of the housing, the shield supporting the mating

component of the housing,

20. The electrical connector of claim 19, wherein the first and second terminals are a

mirror image of each other about a centerline between the terminals.

21. The electrical connector of claim 19, wherein the bady component of the housing

ts insert molded around the {irst and second terminals.
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22, The electrical connector of claim 19, wherein the first and second terminals are

edge coupled.

23. An electrical connector assembly, comprising:

an electrical cable, the cable including a pair of signal wires and a ground conductor;

tirst and second electrically conductive terminals, each terminal having a termination
end and a mating end, each terminal further including a termination section adjacent the
termination end, a contact section adjacent the mating end, and a body section between the
termination section and the contact section, each signal wire being mechanically and
electrically connected to the termination section of one of the terminals, the termination
section being planar and having a first portion adjacent the termination end and a second
portion spaced from the termination end, the first portion having a greater width than the
second portion, the terminals defining a differential signal pair;

an insulative housing, a portion of each terminal disposed in the housing; and

an electrically conductive shield extending around at least a portion of the first and

second terminals and a least a portion of the housing.

24. The electrical connector assembly of claim 23, wherein the termination section is

planar.

25. The electrical connector assembly of claim 23, wherein the first and second

terroinals are a mirror irnage of each other about a centerline between the termunals.

26. The electrical connector assembly of claim 23, wherein the housing 1s insert

molded around the first and second terminals.

27. The electrical conunector assembly of claim 23, wherein the housing includes a

mating housing component surrounding the mating end of the terminals.

28. The electrical connector assembly of claim 27, wherein the mating housing

component is secured to the shield and spaced from the terminals.
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29. The electrical connector assembly of claim 23, wherein the first and second

terminals are edge coupled.
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