wO 2015/164201 A1 [N I N0F 00000 O O OO

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

29 October 2015 (29.10.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/164201 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
HOIR 12/71 (2011.01) HOIR 12/50 (2011.01)
HOIR 13/6471 (2011.01)

International Application Number:
PCT/US2015/026387

International Filing Date:
17 April 2015 (17.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

201410163017.9 22 April 2014 (22.04.2014) CN
14/283,735 21 May 2014 (21.05.2014) US

Applicants: TYCO ELECTRONICS CORPORATION
[US/US]; 1050 Westlakes Drive, Berwyn, Pennsylvania
19312 (US). TYCO ELECTRONICS JAPAN G.K.
[JP/IP]; 3-5-8, Hisamoto, Takatsu-ku, Kawasaki-Shi,
Kanagawa, Kanagawa (JP). TYCO ELECTRONICS
(SHANGHAI) CO. LTD. [CN/CN]; Level 1, No. 142 He
Dan Road, Waigaogiao Free Trade Zone, Shanghai (CN).

Inventors: JEON, Myoungsoo; 712 Winding Lane, Har-
risburg, Pennsylvania 17111 (US). MORGAN, Chad Wil-
liam; 31 Granite Lane, Carneys Point, New Jersey 08069
(US). RUMINSKI, Vincent K.; 337 Equus Drive, Camp

(74

(8D

(84)

Hill, Pennsylvania 17011 (US). DIXON, Dirk Ronald,;
1251 Roush Road, Hummelstown, Pennsylvania 17036
(US). HORNING, Michael James; 1017 Homeland Drive,
Lancaster, Pennsylvania 17601 (US). HUANG, Liang;
Room 903, Unit 5, Building 4, No. 9, Haljiaoshi Road,
Jinjiang District, Chengdu City, CN 610000 (CN). AIZA-
WA, Masayuki; 2687-16 Kanaimachi, Machida, Tokyo,
JP 195-0071 (JP).

Agents: KAPALKA, Robert J. ct al.; The Whitaker LLC,
4550 New Linden Hill Road, Suite 140, Wilmington,
Delaware 19808 (US).

Designated States (uniess 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, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
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.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(54) Title: MEZZANINE CONNECTOR ASSEMBLY

300

FIG. 20

(57) Abstract: A mezzanine connector assembly (100) com-
prises a mezzanine receptacle connector (104) and a
mezzanine header connector (102). The mezzanine recept-
acle connector comprises a plurality of receptacle contacts
(118) arranged in pairs for carrying differential pair signals.
A plurality of receptacle ground shields (120, 122) surround
each pair of receptacle contacts and provide electrical
shielding from each other pair of receptacle contacts. The
mezzanine header connector comprises a plurality of header
contacts (212) arranged in pairs, and each of the header con-
tacts is mated to a corresponding receptacle contact. A plur-
ality of header ground shields (400, 430) surround each pair
of header contacts and provide electrical shielding from
each other pair of header contacts. The header ground
shields are mechanically and electrically connected to the
receptacle ground shields to create shield boxes (480, 720)
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MEZZANINE CONNECTOR ASSEMBLY

[0001] The invention relates to a mezzanine connector assembly.

[0002] Known mezzanine connectors mechanically and electrically interconnect a
pair of circuit boards in a parallel arrangement. Typicaﬂy, the mezzanine connector will
engage both circuit boards to interconnect the circuit boards. For example, the mezzanine
connecior will be mounted to one of the circuit boards and will engage the other circuit board
at a separable mating interface. The mezzanine connector typically uses deflectable spring
beams at the separable mating interface. However, such interfaces require a significant
amount of real estate and space because the spring beams require long beam lengths to
achieve the required spring force and deformation range. Contact density of such mezzanine
connectors is limited because of the separable mating interface. At least some known
mezzanine connector systems utilize two mezzanine connectors, each mounted to a different
circuit board and then mated together. Such systems can be complex and difficult to
manufacture. For example, such mezzanine connectors have many contacts individually
loaded into a housing, which may be difficult and time consuming to assemble. Furthermore,
known mezzanine connectors suffer from signal performance limits due to the tight spacing

of the contacts in the mezzanine connectors.

[0003] There is a need for a mezzanine connector assembly that provides a cost

effective and reliable connection between circuit boards.

[0004] This problem is solved by a mezzanine connector assembly according to

claim 1.

[0005] According to the invention, a mezzanine connector assembly comprises a
mezzanine receptacle connector and a mezzanine header connector. The mezzanine
receptacle connector comprises a plurality of receptacle contacts arranged in pairs for
carrying differential pair signals. Each of the receptacle contacts has a mating interface. A
plurality of receptacle ground shields surround each pair of receptacle contacts and provide
electrical shielding from each other pair of receptacle contacts. The mezzanine header
connector comprises a plurality of header contacts arranged in pairs for carrying differential

pair signals, Each of the header contacts has a mating segment mated to the mating interface
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of a corresponding receptacle contact. A plurality of header ground shields surround each
pair of header contacts and provide electrical shielding from each other pair of header
contacts. The header ground shields are mechanically and electrically connected to the
receptacle ground shiclds to create shield boxes around the various mated pairs of header and

receptacle contacts.

[0006] The invention will now be described by way of example with reference to

the accompanying drawings wherein:

[0007]1 Figure 1 illustrates a mezzanine connector assembly formed in accordance

with an exemplary embodiment.

[0008] Figure 2 is an exploded view of a mezzanine receptacle connector of the

mezzanine connector assembly in accordance with an exemplary embodiment.

[0009] Figure 3 illustrates a receptacle contact of the mezzanine receptacie

connector formed in accordance with an exemplary embodiment.

[0010] Figure 4 is an exploded view of a mezzanine header connector of the

mezzanine connector assembly in accordance with an exemplary embodiment.

[0011] Figure 5 is an exploded view of a contact assembly of the mezzanine header

connector in accordance with an exemplary embodiment,

[0012] Figure 6 is an exploded view of a header module of the mezzanine header

connector formed in accordance with an exemplary embodiment.

[0013] Figure 7 is a cross-sectional view of a portion of the mezzanine header

coniectior.

[0014] Figure 8 illustrates a plurality of header ground shields of the mezzanine

header connector formed in accordance with an exemplary embodiment.

[0015] Figure 9 is a side view of a subset of header ground shields of the mezzanine

header connector in accordance with an exemplary embodiment.

[0016] Figure 10 is a front perspective view of the mezzanine header connector.
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[0017] Figure 11 illustrates a portion of the mezzanine header connector.

[0018] Figure 12 illustrates a receptacle ground shield strip of the mezzanine

receptacle connector in accordance with an exemplary embodiment.

[0019] Figure 13 illustrates a portion of a receptacte ground shield strip of the

mezzanine receptacle connector in accordance with an exemplary embodiment.
[0020] Figure 14 is a front perspective view of the mezzanine receptacle connector,
[0021] Figure 15 is a rear perspective view of the mezzanine receptacle connector.
[0022] Figure 16 is a partial sectional view of the mezzanine receptacle connector.
[0023] Figure 17 illusirates a portion of the mezzanine receptacle connector.

[0024] Figure 18 is a front view of a ground lattice of the mezzanine receptacle

connector.

[0025] Figure 19 is a cross-sectional view of the mezzanine connector assembly

showing the mezzanine header connector mated with the mezzanine receptacle connector.

[0026] Figure 20 is a partial sectional view of the mezzanine connector assembly

showing the mezzanine header connector coupled to the mezzanine receptacle connector.

[0027] Figure 1 illustrates a mezzanine connector assembly 100 formed in
accordance with an exemplary embodiment. The mezzanine connector assembly 100
includes a mezzanine header connector 102 and a mezzanine receptacle connector 104 that
are mated together to electrically connect first and circuit boards 106, 108. The mezzanine
header connector 102 and mezzanine receptacle connector 104 are arranged to interconnect
the first and circuit boards 106, 108 in a parallel arrangement. However, it is realized that the
subject matter herein may be used in other types of electrical connectors as well, such as right
angle connectors, cable connectors (being terminated to aﬁ end of one or more cables), or

other types of electrical connectors.

[0028] The circuit boards 106, 108 are interconnected by the header and receptacle

connectors 102, 104 so that the circuit boards 106, 108 are substantially parallel to one
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another. The first and circuit boards 106, 108 include conductors that communicate data
signals and/or electric power between the header and receptacle connectors 102, 104 and one
or more electric components (not shown) that are electrically connected to the circuit boards
106, 108, The conductors may be embodied in electric pads or traces deposited on one or
more layers of the circuit boards 106, 108, in plated vias, or in other conductive pathways,

contacts, and the like.

[0029] In an exemplary embodiment, the mezzanine header connector 102 is
modular in design, having any number of modules or units stacked together to vary the
number of conductors within the mezzanine header connector 102. The various modules or
units may have different characteristics. For example, the modules or units may
communicate data signals, may communicate electric power, or may communicate both data
and power, Different modules or units may have different features that change the
impedance of the signal conductors within such module or unit. For example, some or all of
the modules or units may be designed for operation at 100 ohms. Some or all of the modules
or unites may be designed for operation at 85 ohms. Some or all of the modules or units may

be designed to operate at different impedance levels, such as 92 ohms.

[0030] Figure 2 is an exploded view of the mezzanine receptacle connecior 104 in
accordance with an exemplary embodiment. The mezzanine receptacle connector 104
includes a housing 112 extending between a front 114 and a rear 116 of the mezzanine
receptacle connector 104. The front 114 is configured to be mated with the mezzanine header
connector 102 (shown in Figure 1). The rear 116 is configured to be mounted to the second
circuit board 108 (shown in Figure 1). The housing 112 holds a plurality of receptacle
contacts 118 that extend between the front 114 and the rear 116. In an exemplary
embodiment, the receptacle contacts 118 are arranged in pairs that carry differential signals.
In alternative embodiments, the receptacle contacts 118 may carry single ended signals rather
than differential signals. In other alternative embodiments, the receptacle contacts 118 may
carry power rather than data signals. The receptacle contacts 118 may be loaded into the

housing 112 through a rear of the housing 112.

[0031] The mezzanine receptacle connector 104 includes a plurality of lateral
receptacle ground shields 120 and a plurality of longitudinal receptacle ground shields 122.

In an exemplary embodiment, the lateral receptacle ground shields 120 are configured to be
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loaded into the housing 112 and extend laterally across the housing 112 parallel to a lateral
axis 130 of the housing 112. The longitudinal receptacle ground shields 122 are configured
to be loaded into the housing 112 and extend longitudinally across the housing 112 parailel to
a longitudinal axis 132 of the housing 112.

[0032] The receptacle ground shields 120, 122 may be inserted into the housing 112
through the rear of the housing 112 such that the receptacle ground shields 120, 122 provide
electrical shielding for the receptacle contacts 118, such as for each pair of receptacle
contacts 118. The receptacle ground shields 120, 122 may be electrically connected to one or

more conductive, grounded surfaces of the mezzanine header connector 102 and/or the circuit
board 108.

[0033] A plurality of the lateral receptacle ground shields 120 are arranged together
as part of a common lateral receptacle ground shield strip 124. The lateral receptacle ground
shield sirip 124 may include any number of the lateral receptacle ground shields 120. A
plurality of the longitudinal receptacle ground shields 122 are arranged together as part of a
common longitudinal receptacle ground shield strip 126. The longitudinal receptacle ground
shield strip 126 may include any number of the longitudinal receptacle ground shields 122.
In an exemplary embodiment, the receptacle ground shield strips 124, 126 are interconnected
to define a ground lattice 128 to provide shielding around multiple sides of each pair of
receptacle contacts 118. For example, each of the lateral receptacle ground shield strips 124
are mechanically and electrically connected to each of the longitudinal receptacle groﬁnd
shield strip 126. The recepfacle ground shield strips 124, 126 may be clipped together or
press fit into each other. The lateral receptacle ground shields 120 may provide shiclding
between rows of receptacle contacts 118 and the longitudinal receptacle ground shields 122
may provide shielding between columns of receptacle contacts 118, as explained in further

detail below.

[0034] The housing 112 is manufactured from a dielectric material, such as a plastic
material. The housing 112 has a mating end 134 and a mounting end 136 opposite the mating
end 134. The housing 112 includes sides 138 that define a perimeter of the housing 112
between the mating and mounting ends 134, 136. Optionally, the housing 112 may be
generally box shaped, however the housing 112 may have any shape in alternative

embodiments.
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[0035] In an exemplary embodiment, the housing 112 includes receptacle contact
openings 140 extending between the mating and mounting ends 134, 136 that receive
corresponding receptacle contacts 118. The housing 112 includes lateral receptacle ground
shield openings 142 extending between the mating and mounting ends 134, 136 thai receive
corresponding lateral receptacle ground shields 120, and longitudinal receptacle ground
shield openings 144 extending between the mating and mounting ends 134, 136 that receive

corresponding longitudinal receptacle ground shields 122,

[0036] In an exemplary embodiment, the mezzanine receptacle connector 104
includes a pin organizer 145. The pin organizer 145 is configured to be coupled to the rear
116 of the mezzanine receptacle connector 104. The pin organizer 145 includes a plurality of
openings therethrough that receive corresponding pins of the receptacle contacts 118 and/or
the receptacle ground shields 120, 122, The pin organizer 145 holds the relative positions of
the receptacle contacts 118 and/or receptacle ground shields 120, 122 for mounting to the
second circuit board 108. The pin organizer 145 may protect the pins of the receptacle
contacts 118 and/or the receptacle ground shields 120, 122 from damage, such as during

shipping, assembly, and/or mounting to the second circuit board 108.

[0037] Figure 3 illustrates one of the receptacle contacts 118 formed in accordance
with an exemplary embodiment. The receptacle contact 118 includes a main contact 146 and
a sub-contact 148 extending from the main contact 146, Optionally, the sub-contact 148 may
be discrete from the main contact 146 and fixed thereto by a fixing process, such as welding,
soldering, crimping, fastening, adhering, and the like. Alternatively, the sub-contact 148 may
be integral with the main contact 146, such as both being stamped from a common blank and
then formed to position the sub-contact 148 relative to the main contact 146. The main
contact 146 and the sub-contact 148 both define points of contact with a corresponding
header contact 212 (shown in Figure 4) of the mezzanine header connector 102 (shown in

Figure 1).

[0038] The main contact 146 of the receptacle contact 118 extends between a
mating end 150 and a terminating end 152. The main contact 146 of the receptacle contact
118 includes a base 154 between the mating end 150 and the terminating end 152. The base
154 includes barbs 156 along sides thereof for securing the receptacle contact 118 in the

housing 112 (shown in Figure 2).
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[0039] The receptacle contact 118 includes a compliant pin 158 extending from the
base 154 at the terminating end 152. The compliant pin 158 is configured to be terminated to
the circuit board 108 {shown in Figure 1). Types of interfaces other than a compliant pin,
such as a solder pin, a solder tail, a spring beam, and the like, may be provided at the

terminating end 152 in alternative embodiments.

[0040] The receptacle contact 118 includes a spring beam 160 at the mating end
150. The spring beam 160 is deflectable and is configured to be mated with a corresponding
contact of the mezzanine header connector 102 (shown in Figure 1). The spring beam 160
includes a curved mating interface 162 proximate to a distal end 164 of the spring beam 160.
The mating interface 162 is configured engage the corresponding header contact 212 of the
mezzanine header connector 102. The spring beam 160 may be elastically deformed when
mated to the header contact 212 and press against the header contact 212 to maintain an
electrical connection therewith. Optionally, the distal end 164 may be hook shaped and

define a hook, which may be referred to hereinafter as a hook 164.

{0041] The sub-contact 148 of the receptacle contact 118 extends between a base
end 170 and a support end 172. The base end 170 extends from the base 154. In an
exemplary embodiment, the base end 170 is welded to the base 154. Alternatively, the base
end 170 may be secured by other methods, such as being soldered, crimped, fastened or
otherwise fixed to the base 154. In other alternative embodiments, the base end 170 may be

integral with the base 154, such as being stamped from a common blank.

[0042] The sub-contact 148 includes a support beam 174 at the support end 172.
The support beam 174 includes a mating interface 176 that is engaged by the header contact
212. For example, the support beam 174 of the sub-contact 148 is configured to be directly
electrically connected to the header contact 212 to define a second point of contact with the

header contact 212 of the mezzanine header connector 102.

[0043] In an exemplary embodiment, the distal end of the -support beam 174
engages the spring beam 160, such as proximate to the mating interface 162. As such, the
sub-contact 148 has multiple points of contact with the main contact 146, such as at the base
end 170 and the support end 172. The support beam 174 engages the spring beam 160
remote from the base 154. The support beam 174 may support the spring beam 160. The



WO 2015/164201 PCT/US2015/026387

support beam 174 may be deflected with the spring beam 160 when mated with the header
contact 212. In an exemplary embodiment, the support beam 174 is a simply supported
beam, which is supported at opposite ends by the base 154 and the spring beam 160, rather
than a cantilevered beam. The support beam 174 is relatively stiff because the support beam
174 is supported at both ends, and thus may be manufactured from a thinner stock of material
to reduce the overall cost of the receptacle contact 118. The mating interface 176 may be

approximately centered between the base end 170 and the support end 172,

[0044] In an exemplary embodiment, the main contact 146 is thicker than the sub-
contact 148. For example, the sub-contact 148 is stamped and formed from a stock or blank
that is thinner than the stock or blank used to manufacture the main contact 146. The main

contact 146 may thus be stiffer than the sub-contact 148.

[0045] The receptacle contact 118 extends generally along a contact axis 178,
Optionally, the receptacle contact 118 may be oriented such that the contact axis 178 is
oriented vertically. The mating interfaces 162, 176 are offset along the contact axis 178. For
example, the mating interface 162 of the main contact 146 is positioned vertically above the
mating interface 176 of the sub-contact 148. The header contact 212 may be mated with the
receptacle contact 118 along the contact axis 178 such that the header contact 212 engages-
the main contact 146 before engaging the sub-contact 148. Optionally, the main contact 146
and the sub-contact 148 may be sclectively plated, such as at the mating interfaces 162, 176,
respectively. In an exemplary embodiment, the spring beam 160 is bowed or bent outward in
a first direction from the base 154, while the support beam 174 is bowed or bent outward in a

second direction, generally opposite the first direction, from the base 154.

[0046] Figure 4 is an exploded view of the mezzanine header connector 102 in
accordance with an exemplary embodiment. The mezzanine header connector 102 includes a
plurality of header modules 200, 202, 204. The header modules 200 define middle header
modules, which are flanked on opposite sides by the end header modules 202, 204. Any
number of middle header modules 200 may be provided depending on the particular
application. The end header modules 202, 204 may be identical to one another, or
alternatively may be different from one another. The header modules 200, 202, 204 abut

against one another to create continuous perimeter walls of the mezzanine header connector
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102. No electrical discontinuities exist between the edges of the header modules 200, 202,

204, which provides shielding entirely around the mezzanine header connector 102.

[0047) The header modules 200, 202, 204 hold contact assemblies 210 each having
a plurality of header contacts 212. The header modules 200, 202, 204 are stacked adjacent
each other in abutting contact with each other to provide electrical shielding for the header
contacts 212. In an exemplary embodiment, the header contacts 212 are arranged in pairs
that carry differential signals. The header modules 200, 202, 204 surround the individual
pairs of header contacts 212 and provide electrical shielding around each of the pairs of
header contacts 212. In alternative embodiments, the header contacts 212 may carry single
ended signals rather than differential signals. In other alternative embodiments, the header

confacts 212 may cairy power rather than data signals.

[0048] The header contacts 212 extend between a front 214 of the mezzanine header
connector 102 and a rear 216 of the mezzanine header connector 102. The front 214 is
configured to be mated with the mezzanine receptacle connector 104 (shown in Figure 1).
The rear 216 is configured to be mounted to the circuit board 106 (shown in Figure 1). In an
exemplary embodiment, the header modules 200, 202, 204 provide electrical shielding for the
header contacts 212 along substantially the entire length of the header contacts 212 between
the front 214 and the rear 216.

[0049] The mezzanine header connector 102 includes a plurality of front header
ground shields 220 at the front 214 and a plurality of rear header ground shields 222 at the
rear 216. The header ground shiclds 220, 222 may be inserted into the header modules 200,
202, 204 such that the header ground shields 220, 222 provide electrical shielding for the
header contacts 212. The header ground shields 220, 222 may be elecirically connected to
one or more conductive surfaces of the header modules 200, 202, 204, The header ground
shields 220, 222 are configured to be electrically connected to the mezzanine receptacle

connector 104 and the circuit board 106, respectively.

[0050] In an exemplary embodiment, the front header ground shields 220 define a
front ground lattice 224 to provide shielding around multiple sides of each pair of header
contacts 212. For example, the front header ground shields 220 may include both

longitudinal components and lateral components that provide shielding between rows and



WO 2015/164201 PCT/US2015/026387

columns of the header contacts 212, as explained in further detail below. The rear header
ground shields 222 define a rear ground lattice 226 to provide shielding around multiple sides
of each pair of header contacts 212, For example, the rear header ground shields 222 may
include both longitudinal components and lateral components that provide shielding between

rows and columns of the header contacts 212, as explained in further detail below.

[0051] In an exemplary embodiment, the mezzanine header connector 102 includes
a pin organizer 230. The pin organizer 230 is configured to be coupled to the rear 216 of the
mezzanine header connector 102. The pin organizer 230 includes a plurality of openings
therethrough that receive corresponding pins of the header contacts 212 and/or the rear
header ground shields 222. The pin organizer 230 holds the relative positions of the header
contacts 212 and/or rear header ground shields 222 for mounting to the circuit board 106.
The pin organizer 230 may protect the pins of the header contacts 212 and/or the rear header
ground shields 222 from damage, such as during shipping, assembly, and/or mounting to the

circuit board 106.

[0052] Figure 5 is an exploded view of the contact assembly 210. The contact
assembly 210 includes a pair of contact modules 240 arranged back-to-back. The contact
modules 240 are shown separated from one another; however the contact modules 240 may
be coupled together by pressing the contact modules 240 against each other. In an exemplary
embodiment, the contact modules 240 are identical to one another and are inverted 180°
relative to one another. Having the contact modules 240 identical minimizes tooling cost. In
alternative embodiments, the contact modules 240 may deﬂhe complementary mating halves
of the contact assembly 210 that are similar to oﬁe another but include at least some different

features, such as for coupling the contact modules 240 together.

[0053] Each contact module 240 includes a dielectric holder 242 that holds a
plurality of the header contacts 212. In an exemplary embodiment, the dielectric holder 242
is overmolded over and/or around a leadframe that includes the header contacts 212. The
header contacts 212 may be coupled to the dielectric holder 242 by methods other than

overmolding in alternative embodiments.

[0054] Each dielectric holder 242 extends between a mating end 244 and a
mounting end 246 opposite the mating end 244, The mating end 244 is configured to be

-10-
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mated with the mezzanine receptacle connector 104 (shown in Figure 1), while the mounting

end 246 is configured to be coupled to the circuit board 106 (shown in Figure 1).

[0055] Each dielectric holder 242 has an inner side 248 and an outer side 250. The
inner sides 248 of the pair of dielectric holders 242 abut against cach other when the contact
modules 240 are coupled together. The inner sides 248 may be generally flat allowing the

inner sides 248 of the pair of dielectric holders 242 to sit flush with one another.

[0056] Each dielectric holder 242 includes posts 252 extending from the inner side
248 and openings 254 formed in the inner side 248. When the contact modules 240 are
coupled together, the posts 252 are aligned with corresponding openings 254 in the other
dielectric holder 242 and pressed into the openings 254 to securely couple the contact
modules 240 together. For example, the posts 252 may be held in corresponding openings
254 by an interference fit. Other securing features may be used in alternative embodiments,
such as fasteners, clips, latches, adhesives, and the like. In alternative embodiments, rather
than both dieleciric holders 242 including posts 252 and openings 254, one of the dielectric
holders 242 may include the posts 252 while the other dielectric holder 242 may include the
openings 254.

[0057] Each dielectric holder 242 may include pockets 256 open along the inner
side 248. The pockets 256 may be filled with air. The pockets 256 may be aligned with the
header contacts 212 to affect electrical characteristics, such as the impedance, of the signal or
transmission lines defined by the header contacts 212. The length and proximity of the
pockets 256 o the header contacts 212 may be selected to affect the impedance or other

electrical characteristics.

[0058] Each dielectric holder 242 includes a plurality of rails 260 separated by gaps
262. Each rail 260 holds a corresponding header contact 212. The rails 260 are connected by
connecting segments 264 that hold the positions of the rails 260 relative to one another. In an
exemplary embodiment, the diclectric holder 242 is molded and the connecting segments 264
are formed by portions of the mold that allow the dielectric material to flow between the -
various rails 260. Any number of rails 260 may be provided depending on the particular
application and the number header contacts 212 associated with the contact module 240. In

the illustrated embodiment, four rails 260 are provided to support the four header contacts

-11-



WO 2015/164201 PCT/US2015/026387

212. The rails 260 extend along generally linear paths between the mating end 244 and the
mounting end 246. At the mating end 244, the rails 260 define front support beams 266 that
are cantilevered forward of the connecting segments 264. The front support beams 266
support portions of the header contacts 212. The front support beams 266 have ramped lead-
ins 268 that lcad to the header contacts 212. The lead-ins 268 prevent stubbing when the

contact assembly 210 is mated with the mezzanine receptacle connector 104 (shown in Figure

1),

[0059] In an exemplary embodiment, the header contacts 212 are exposed along the
outer side 250 of the dielectric holder 242. For example, the dielectric holder 242 is
overmolded around the header contacts 212 such that side surfaces 270 of the header contacts

212 are flush with and exposed at the outer side 250.

{0060] In an alternative embodiment, rather than having two dielectric holders 242
arranged back-to-back, the contact assembly 210 may include a single dielectric holder 242.
The single dielectric holder 242 may have header contacts 212 arranged along both sides, or

alternatively along only one side.

[0061] In an exemplary -embodiment, the header contacts 212 include mating
segments 272, terminating segments 274, and intermediate segments 276 extending between
the mating segments 272 and terminating segments 274. The header contacts 212 extend
along generally linear paths from the mating segments 272, along the intermediate segments
276, to the terminating segments 274. In an exemplary embodiment, at least a portion of
each intermediate segment 276 is exposed along the outer side 250. Optionally, a majority of

the length of each intermediate segment 276 is exposed to air along the outer side 250.

[0062] The mating segments 272 are exposed along the outer side 250 at the mating
end 244 for termination to corresponding receptacle contacts (not shown) of the mezzanine
receptacle connector 104 (shown in Figure 1). For example, the mating segments 272 are
exposed along the front support beams 266. In the illustrated embodiment, the mating
segments 272 include convex interference bumps 282. The interference bumps 282 may be
formed by pressing or coining the header contacts 212 to give the header contacts 212 a
rounded shape to define a mating interface for mating with corresponding receptacle contacts

of the mezzanine receptacle connector 104 (shown in Figure 1). The convex interference

-12-
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bumps 282 may lower the resistance at the mating interface with the mating contacts of the
mezzanine receptacle connector 104 by providing a smaller surface area and -thus higher
mating pressure between the header contacts 212 and the receptacie contacts of the
mezzanine receptacle connector 104. Optionally, the interference bumps 282 may be plated,

such as with gold plating.

[0063] The terminating segments 274 extend from the mounting end 246 beyond a
rear edge 278 of the dielectric holder 242 for termination to the circuit board 106 (shown in
Figure 1). The terminating segments 274 are exposed exterior of the dielectric holder 242.
Optionally, the terminating segments 274 may be plated with a plating material, such as tin
plating. In the illustrated embodiment, the terminating segments 274 inclﬁde compliant pins,
such as eye-of-the-needle pins, that are configured to be terminated to the circuit board 106
by pressing the compliant pins into plated vias of the circuit board 106. Other types of
terminating scgments may be provided in alternative embodiments, such as solder tails,

solder balls, deflectable spring beams, and the like,

[0064] With additional reference back to Figure 4, when the contact modules 240 of
the pair are coupled together, the rails 260 are aligned back-to-back. The mating segments
272 are aligned with one another on opposite sides of the contact module 240. The header
contacts 212 on opposite sides of the contact assembly 210 define differential pairs of header
contacts 212. The gaps 262 are provided between differential pairs of the header contacts
212 to allow portions of the header modules 200, 202, 204 to pass between adjacent
differential pairs of the header contacts 212. The header modules 200, 202, 204 provide
electrical shiclding between pairs of the header contacts 212, such that each pair of header

contacts 212 is electrically shielded from each other pair.

[0065] In an exemplary embodiment, the dielectric material of the dielectric holder
242 may be selectable to change an impedance of the contact assembly 210. For example, for
a given spacing between the header contacts 212, changing the dielectric material of the
dielectric holder 242 may change the impedance of the transmission lines of the header
contacts 212, Different target impedance values may be achieved without any tooling change

o the headers contacts 212 or the mold used to form the dielectric holder 242.
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[0066] Figure 6 is an exploded view of the middle header module 200 formed in
accordance with an exemplary embodiment. The end header modules 202, 204 (shown in
Figure 4) may be manufactured in a similar manner and may include similar components and
features. The end header modules 202, 204 are not discussed in detail, but rather like
components of the end header modules 202, 204 may be identified with like reference

numerals,

[0067] Figure 6 shows the contact assembly 210 in an assembled state with the pair
of contact modules 240 coupled together. As noted above, the header confacis 212 are
arranged in pairs on opposites sides of the contact assembly 210. In an exemplary
embodiment, the header contacts 212 extend parallel to one another along resp'éctive contact
axes 290. The header contacts 212 within each pair are separated from each other by the
dielectric material of the pair of dielectric holders 242. Adjacent pairs of header contacts 212

are separated from each other by the gaps 262 between the corresponding rails 260.

[0068] The header module 200 includes a housing frame 300 that receives and
supports the contact assembly 210. The housing frame 300 may be similar on both sides.
Optionally, such as with the housing frames 300 of the end header modules 202, 204, the
sides may be different, such as with one side configured to receive one of the contact
assemblies 210, but with the other side defining an exterior or perimeter wall of the

mezzanine header connector 104.

[0069] In an exemplary embodiment, the housing frame 300 is conductive and
provides electrical shielding for the header contacts 212 of the contact assembly 210. For
example, the housing frame 300 may be manufactured from a metalized plastic material, a
plated plastic material, a die cast metal material, and the like. The housing frame 300
extends between a front or mating end 302 and a rear or mounting end 304 opposite the front
end 302. The housing frame 300 includes opposite first and second sides 306, 308 and
opposite first and second edges 310, 312 that extend between the first and second sides 306,
308. The edges 310, 312 define an exterior of the mezzanine header connector 102 (shown in
Figure 4). In an exemplary embodiment, the edges 310, 312 may abut against edges 310, 312
of an adjacent housing frame 300 to create continuous perimeter walls of the mezzanine
header connector 102 (see, for example, Figure 2). The first and second sides 306, 308 face
other header modules 200, 202, 204 when assembled.
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[0070] In an exemplary embodiment, the housing frame 300 includes a first
| chamber 314 in the first side 306. The first chamber 314 receives the contact assembly 210.
Optionally, a second chamber 316 may be provided in the second side 308 that receives a
portion of a contact assembly 210 of an adjacent header module 200 or 202. Optionally,
when the contact assembly 210 is received in the first chamber 314, a .portion of the contact
assembly 210 may extend beyond the first side 306. For example, one of the contact modules
240 may be received within the first chamber 314 while the other contact module 240 of the
contact assembly 210 may be positioned exterior of the first chamber 314 for reception into a

second chamber 316 of an adjacent header module 200.

[0071] In an exemplary embodifnent, the first chamber 314 is divided into discrete
pockeis 318 by tabs 320 that extend into the first chamber 314. The tabs 320 are configured
to be received in corresponding gaps 262 between the rails 260 of at least one of the contact
modules 240. The tabs 320 provide electrical shielding between the header contacts 212
associated with the rails 260 received in the pockets 318 on opposite sides of the tabs 320.
The tabs 320 define walls that are positioned between header contacts 212 of different pairs
of the header contacts 212. The housing frame 300 includes interior walls 322 positioned at
the interior of the first chamber 314. The interior walls 322 and associated tabs 320 surround
the differential pairs of header contacts 212 to provide electrical shielding for the differential
pairs of header contacts 212. The second chamber 316 may include similar tabs 320 and

pockets 318.

[0072] The front header ground shields 220 are configured to be coupled to the front
end 302 of the housing frame 300. For example, the housing frame 300 may include a slot or
channel that receives the front header ground shields 220. Alternatively, at least some of the
front header ground shields 220 may be embedded in the housing frame 300, such as by
being overmolded by the housing frame 300. The rear header ground shields 222 are
provided at the rear end 304 of the housing frame 300. Optionally, the rear header ground
shield 222 may be molded into the rear end 304 such that portions of the housing frames 300
surround the rear header ground shield 222. Alternatively, the rear header ground shields 222
may be separate from the housing frame 300 and inserted into the housing frame 300.
Mounting pins of the rear header ground shield 222 may extend beyond the rear end 304 for

termination to the circuit board 106 (shown in Figure 1). Other header ground shields 220,
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222 may be coupled to the header ground shields 220, 222, such as to create the ground
lattices 224, 226 at both the front end 302 and the rear end 304, respectively, of the housing
frame 300 to provide circumferential shielding around the pairs of header contacts 212 at the

mating and terminating segments 272, 274 of the header contacts 212.

[0073] Figure 7 is a cross-sectional view of a portion of the mezzanine header
connector 102 showing the end header module 204 coupled to one of the middle header
modules 200. The middle header module 200 holds one of the contact assemblies 210 along
the first side 306 thereof. The second side 308 of the end header module 204 is coupled to
the first side 306 of the middle header module 200 to receive a portion of the contact
assembly 210. When assembled, the contact assembly 210 is held in corresponding pockets
318 of the first chamber 314 of the middle header module 200 and in the pockets 318 of the
second chamber 316 of the end header module 204.

[0074] The housing frames 300 of the middle header module 200 and end header
module 204 provide electrical shielding around each of the differential pairs of header
contacts 212. Each of the pairs of the header contacts 212 are entirely circumferentially
surrounded by conductive material of the housing frames 300 to provide 360° shielding along
substantially the entire length of the header contacts 212. The contact assembly 210 is
arranged in the housing frames 300 such that the side surfaces 270 of the header contacts 212
face the interior walls 322 of the housing frames 300 of the middle header module 200 and
the end header module 204. The header contacts 212 are separated from the interior walls

322 by air gaps in the pockets 318.

[0075] In an exemplary embodiment, the pockets 318 have shoulders 330 at the
comners between the tabs 320 and the interior walls 322, The dielectric holders 242 may abut
against the shoulders 330 to locate the contact assembly 210 in the pockets 318. In an
exemplary embodiment, the only diclectric material between the header contacts 212 and the
housing frames 300 is air. Electrical characteristics of the transmission lines defined by the
header contacts 212 may be adjusted by changing the spacing between the header contacts
212 and the interior walls 322. As noted above, electrical characteristics of the fransmission
lines of the header contacts 212 may be modified by selecting an appropriate dielectric
material for the dielectric holders 242 between the header contacts 212. Changing the

dielectric material allows the impedance of the header connector 102 to be tuned, such as for
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matching the impedance o a particular target value, such as 100 ohms, 85 ohms, 92 ohms, or

another value,

[0076] With reference back to Figure 4, the mezzanine header connector 102
includes conductive pieces that provide electrical shielding for the header contacts 212. For
example, the housing frames 300 are conductive and provide shielding along substantially the
entive lengths of the header contacts 212. Additionally, the front ground lattice 224 of front
header ground shields 220 and the rear ground lattice 226 of rear header ground shields 222
provide electrical shielding for the header contacts 212 at the interfaces with the mezzanine
receptacle connector 104 (shown in Figure 2) and circuit board 106 (shown in Figure 1),

respectively.

[0077] The sizes, shapes, and positions of the header ground shields 220, 222 may
take many different forms in different embodiments. Examples of the header ground shields
220, 222 are described below, In exemplary embodiments, the header ground shields 220,
222 provide good electrical connection to the housing frames 300. The header ground shields
220, 222 provide robust interfaces for the receptacle ground shields 120, 122 (shown in

Figure 2) of the mezzanine receptacle connector 104 and the circuit board 106, respectively.

[0078] In an exemplary embodiment, the mezzanine header connector 102 includes
both longitudinal header ground shields and lateral header ground shields that extend along
columns and rows of the ground lattices 224, 226 between the pairs of header contacts 212 to

provide electrical shielding for the header contacts 212,

[0079] Figure 8 illustrates a plurality of front header ground shields 220 formed in
accordance with an exemplary embodiment. In an exemplary embodiment, the front header
ground shields 220 are configured to be loaded into the mezzanine header connector 102
(shown in Figure 4) and extend laterally across the mezzanine header connector 102, As
such, the front header ground shields 220 define lateral header ground shields, which may be

referred to hercinafter as lateral header ground shields 400.

[0080] A plurality of the lateral header ground shields 400 are arranged together as
part of a common lateral header ground shield strip 402. The lateral header ground shield
strip 402 may include any number of the lateral header ground shields 400. The lateral
header ground shield strip 402 includes bridges 404 extending between adjacent lateral
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header ground shields 400. The bridges 404 may be part(s) of one or more lateral header
ground shields 400. The widths of the bridges 404 control the lateral spacing of the lateral
header ground shields 400. The lateral header ground shields 400 each include a mating end
406 and a frame end 408 opposite the mating end 406. The mating end 406 is configured to
be mechanically and electrically coupled to a corresponding receptacle ground shield 120
(shown in Figure 2) of the mezzanine receptacle connector 104 (shown in Figure 2). The
frame end 408 is configured to be mechanically and electrically connected to the housing

frame 300 (shown in Figure 6).

[0081] In the iliustrated embodiment, the mating end 406 includes a blade 410 that
is genereﬂly planar, The blade 410 is configured to be plugged into the mezzanine receptacle
connector 104 during mating for electrical connection to the corresponding receptacle ground
shield 120. In an exemplary embodiment, the lateral header ground shields 400 include
fingers 412 extending from corresponding blades 410. The fingers 412 may be bent and
angled out of the plane of the blade 410. The fingers 412 may be used to guide mating with
the receptacle ground shields 120. Optionaily, each blade 410 may include multiple fingers
412. Optionally, the fingers 412 may be angled in opposite directions, which may balance
mating forces during mating. In an exemplary embodiment, the fingers 412 have different
lengths such that the tips of the fingers 412 are at different distances from the blade 410.
Having different length fingers 412 staggers the mating interfaces of the fingers 412 with the
receptacle ground shields 120, which reduces the mating force for mating the mezzanine
header connector 102 with the mezzanine receptacie connector 104. The different length
fingers 412 allow spring beams 612 (shown in Figure 12) of the receptacle ground shield 120
(shown in Figure 12) to engage the header ground shields 400 in a staged mating process
where less than all of the spring bcams 612 initially engage the longer fingers 412 of the
header ground shields 400. Further mating of the mezzanine header connector 102 with the
mezzanine receptacle connector 104 allows all of the spring beams 612 to engage the header

grounded shields 400.

[0082] The frame end 408 includes a tab 420 that is configured to be received in the
corresponding housing frame 300. The tab 420 includes projections 422 extending from the
sides of the tab 420. The projections 422 may dig into the housing frame 300 to hold the
lateral header ground shield 400 in the housing frame 300 by an interference fit. The tab 420
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includes an interference bump 424. The interference bump 424 is configured to engage the
housing frame 300 to hold the lateral header ground shield 400 in the housing frame 300 by

an interference fit.

[0083] Figure 9 is a side Viewr of a subset of the front header ground shields 220. In
an exemplary embodiment, the front header ground shields 220 are configured to be loaded
into the mezzanine header connector 102 (shown in Figure 4) and extend longitudinally
across the mezzanine header connector 102, As such, the front header ground shields 220
define longitudinal header ground shields, which may be referred to hereinafier as

longitudinal header ground shields 430.

[0084] A plurality of the longitudinal header ground shields 430 are arranged
together as part of a common longitudinal header ground shield strip 432. The longitudinal
header ground shield strip 432 may include any number of the longitudinal header ground
shields 430. The longitudinal header ground shield strip 432 includes bridges 434 extending
between adjacent longitudinal header ground shields 430. The bridges 434 may be part(s) of
one or more longitudinal header ground shields 430. The widths of the bridges 434 control
the longitudinal spacing of the longitudinal header ground shields 430. The longitudinal
header ground shields 430 each include a mating end 436 and a frame end 438 opposite the
mating end 436. The mating end 436 is configured to be mechanically and electrically
coupled to a corresponding receptacle ground shield 122 (shown in Figure 2) of the
mezzanine receptacle connector 104 (shown in Figure 2). The frame end 438 is configured to

be mechanically and electrically connected to the housing frame 300 (shown in Figure 6).

[0085] In the illustrated embodiment, the mating end 436 includes a blade 440 that
is generally planar. The blade 440 is configured to be plugged into the mezzanine receptacle
connector 104 during mating for electrical connection to the corresponding receptacle ground
shield 122. In an exemplary embodiment, the longitudinal header ground shields 430 include
fingers 442 extending from corresponding blades 440. The fingers 442 may be bent and
angled out of the plane of the blade 440. The fingers 442 may be used to guide mating with
the receptacle ground shields 122, Optionally, each blade 440 may include multiple fingers
442, Optionally, the fingers 442 may be angled in opposite directions, which may balance
mating forces during mating. In an exemplary embodiment, the fingers 442 have different

lengths such that the tips of the fingers 442 are at different distances from the blade 440.
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Having different length fingers 442 staggers the mating interfaces of the fingers 442 with the
receptacle ground shields 122, which reduces the mating force for mating the mezzanine
header connector 102 with the mezzanine receptacle connector 104. The different length
fingers 442 allow spring beams 642 (shown in Figure 13) of the receptacle ground shields
122 (shown in Figure 13) to engage the header ground shields 430 in a staged mating process
where less than all of the spring beams 642 initially engage the longer fingers 442 of the
header ground shields 430. Further mating of the mezzanine header connector 102 with the
mezzanine receptacle connector 104 allows all of the spring beams 642 to engage the header

grounded shields 430.

[0086] The frame end 438 includes at least one tab 450 (two are shown for each
longitudinal header ground shield 430 in the illustrated embodiment) that is configured to be
received in the corresponding housing frame 300. The tabs 450 include projections 452
extending from the sides of the tabs 450. The projections 452 may dig into the housing frame
300 to hold the longitudinal header ground shield 430 in the housing frame 300 by an
interference fit. The tabs 450 and/or the blade 440 may include interference bumps 454, The
interference bumps 454 are configure to engage the housing frame 300 to hold the

longitudinal header ground shield 430 in the housing frame 300 by an interference {it.

[0087] The longitudinal header ground shields 430 include channels 460 defined
between adjacent longitudinal header ground shields 430. The longitudinal header ground
shields 430 have beams 462 extending into the channels 460. The channels 460 may be
formed in or by one or more longitudinal header ground shields 430. The channels 460 are
configured to receive corresponding lateral header ground shields 400 (shown in Figure 8).
For example, the bridges 404 (shown in Figure 8) between the lateral header ground shields
400 are received in the channels 460, and the beams 462 engage the bridges 404 to create an
electrical connection between the longitudinal header ground shields 430 and the lateral
header ground shields 400. The beams 462 may be positioned to ensure a tight or
interference fit with the lateral header ground shields 400 to ensure electrical connection
between the longitudinal header ground shields 430 and the lateral header ground shields 400.
Optionally the beams 462 may be deflectable to resiliently engage the lateral header ground
shields 400. Alternatively, the beams 462 may be fixed or stationary to engage the lateral
header ground shields 400,

-20-



WO 2015/164201 PCT/US2015/026387

[0088] Figure 10 is a front perspective view of the mezzanine header connector 102
showing one of the longitudinal header ground shield strips 432 poised for loading into the
mezzanine header connector 102, Figure 10 illustrates all of the lateral header ground shields
400 loaded into the mezzanine header connector 102 and extending laterally between the first
ang second edges 310, 312 of corresponding header frames 300 parallel to a lateral axis 470
of the mezzanine header connector 102. The lateral header ground shields 400 are generally
centered between two rows of contact assemblies 210. Figure 10 also illustrates a plurality of
the longitudinal header ground shield strips 432 loaded into the mezzanine header connector
102. The longitudinal header ground shield strips 432 extend longitudinally between the end
* header modules 202, 204 parallel to a longitudinal axis 472 of the mezzanine header
connector 102. The longitudinal header ground shields 430 are positioned between columns

of contact assemblies 210.

[0089] The longitudinal header ground shield strips 432 are mechanically and
clectrically connected to each of the lateral header ground shield sirips 402. Similarly, the
lateral header ground shield strips 402 are mechanically and electrically connected to each of
the longitudinal header ground shieid strips 432. During assembly, when the longitudinal
header ground shield strips 432 are loaded into the mezzanine header connector 102, the
channels 460 receive portions of the lateral header ground shield strips 402. The longitudinal
header ground shield strips 432 are loaded into the mezzanine header connector 102 until the
longitudinal header ground shields 430 bottom out against the lateral header ground shields
400 and/or the housing frames 300.

[0090] In an exemplary embodiment, the longitudinal header ground shield strips
432 are used to absorb any mechanical tolerances of the stacked housing frames 300. For
example, because the spacing between the channels 460 can be tightly controlled by stamping
the longitudinal hecader ground shield strips 432, the reception of the lateral header ground
shield strips 402 in the channels 460 properly spaces each of the lateral header ground shield
strips 402 relative to the longitudinal header ground shield sirips 432. As such, the housing
frames 300, and thus the contact assemblies 210 held by the housing frames 300, are properly
positioned.  Optionally, the beams 462 may be deflectable to absorb tolerances and

accommodate slight variations in the positions of the lateral header ground shield strips 402.
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[0091] Figure 11 illustrates a portion of the mezzanine header connector 102
showing the front ground lattice 224. The lateral header ground shields 400 and longitudinal
header ground shiclds 430 making up the front ground lattice 224 are mechanically and
clectrically connected to each other and to the housing frames 300 (shown in Figure 10). In
an exemplary embodiment, each pair of header contacts 212 is entirely peripherally
surrounded by corresponding lateral header ground shields 400 and longitudinal header
ground shields 430, Each pair of header contacts 212 is electrically shielded from each other
pair of header contacts 212 by the lateral header ground shields 400 and/or the longitudinal
header ground shields 430. In the illustrated embodiment, the lateral header ground shields
400 and longitudinal header ground shields 430 form a shield box 480 around each pair of
header contacts 212. Each shield box 480 is defined by two longitudinal header ground
shields 430 on opposite sides of the shield box 480 and two lateral header ground shields 400
on opposite sides of the shield box 480 that are generally perpendicular to the longitudinal
header ground shields 430. The front ground lattice 224 is provided at the front 214 of the
mezzanine header connector 102 such that the front header ground shiclds 220 provide
peripheral electrical shielding for the mating segments 272 of corresponding header contacts
212.

[0092] Figure 12 illustrates one of the lateral receptacle ground shield strips 124
including a plurality of the lateral receptacle ground shields 120 in accordance with an
exemplary embodiment, The lateral receptacle ground shield strip 124 may include any
number of the lateral receptacle ground shields 120, which may correspond to the number of
pairs of receptacle contacts 118 (shown in Figure 2) in each row in the housing 112 (shown in
Figure 2). The lateral receptacle ground shield strip 124 includes bridges 604 extending
between adjacent lateral receptacle ground shields 120. The bridges 604 may be part(s) of
one or more lateral receptacle ground shields 120. The widths of the bridges 604 control the
lateral spacing of the lateral receptacle ground shields 120, The lateral receptacle ground
shields 120 each include a mating end 606 and a mounting end 608 opposite the mating end
606. The mating end 606 is configured to be mechanically and electrically coupled to a
corresponding header ground shield 220 (shown in Figure 4) of the mezzanine header
connector 102 (shown in Figure 4). The mounting end 608 is configured to be inechanically

and electrically connected to the circuit board 108 (shown in Figure 1).
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[0093] In the illustrated embodiment, the lateral receptacle ground shields 120 each
include a base 610 that is generally planar. The base 610 is configured to be plugged into the
housing 112 (shown in Figure 2) during assembly of the mezzanine receptacle connector 104.
In an exemplary embodiment, the lateral receptacle ground shields 120 include spring beams
612 extending from corresponding bases 610. The spring beams 612 are defiectable and are
configured to interface with corresponding header ground shields 220. In an exemplary
embodiment, the spring beams 612 are bent and angled out of the plane of the base 610. The
spring beams 612 have curved tips that may be used to guide mating with the header ground
shields 220. Optionally, each base 610 may include a pair of spring beams 612. Optionally,
the pair of spring beams 612 may be angled in respective opposite directions, which may
balance mating forces during mating. The pair of spring beams 612 may engage respective
different sides of the header ground shields 220, which may balance mating forces during
mating. Optionally, the spring beams 612 may have respective different lengths such that the
tips of the spring beams 612 are at different distances from the base 610. Having different
length spring beams 612 staggers the mating interfaces of the spring beams 612 with the
receptacle ground shields, which reduces the mating force for mating the mezzanine

receptacle connector 104 with the mezzanine header connector 102.

[0094] The mounting end 608 includes compliant pins 620 extending from
corresponding bases 610. The compliant pins 620 may be eye-of-the-needle pins. The
compliant pins 620 may be received in plated vias in the circuit board 108 to mechanically
and electrically couple the lateral receptacle ground shield strip 124 to the circuit board 108.
Optionally, each base 610 may include multiple compliant pins 620,

[0095] The base 610 includes projections 622 extending from the sides of the base
610, The projections 622 may dig into the housing 112 (shown in Figure 2) to hold the
la;[e1'a1 receptacle ground shield 120 in the housing 112 by an interference fit. The base 610
may include interference bumps (not shown) configured to engage the housing 112 to hold

the lateral receptacle ground shield 120 in the housing 112 by an interference fit.

[0096] The lateral receptacle ground shield strip 124 includes channels 624 defined
between adjacent lateral receptacle ground shields 120. The lateral receptacle ground shields
120 have tabs 626 extending into the channels 624, The channels 624 may be formed in or

by one or more lateral receptacle ground shields 120. The channels 624 are configured to
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receive corresponding longitudinal receptacle ground shield strips 126 (shown in Figure 2)
and the tabs 626 mechanically and electrically engage the corresponding longitudinal

receptacle ground shield strips 126.

[0097] Figure 13 illustrates a portion of one of the longitudinal receptacle ground
shield strips 126 including a plurality of the longitudinal receptacie ground shields 122 in
accordance with an exemplary embodiment. The longitudinal receptacle ground shield strip
126 may include any.number of the longitudinal receptacle ground shields 122, which may
correspond to the number of pairs of receptacle contacts 118 (shown in Figure 2) in each
column in the housing 112 (shown in Figure 2). The longitudinal receptacle ground shield
sirip 126 includes bridges 634 éxtending between adjacent longitudinal receptacler ground
shields 122, The bridges 634 may be part(s) of one or more longitudinal receptacle ground
shields 122. The widths of the bridges 634 control the longitudinal spacing of the
longitudinal receptacle ground shields 122. The longitudinal recéptacle ground shields 122
each include a mating end 636 and a mounting end 638 opposite the mating end 636. The
mating end 636 is configured to be mechanically and electrically coupled to a corresponding
header ground shield 220 (shown in Figure 4) of the mezzanine header connector 102 (shown
in Figure 4). The mounting end 638 is configured to be mechanically and electrically

connected to the circuit board 108 (shown in Figure 1).

[0098] In the illustrated embodiment, the longitudinal receptacle ground shields 122
each include a base 640 that is generally planar. The base 640 is configured to be plugged
into the housing 112 during assembly of the mezzanine receptacle connector 104. In an
exemplary embodiment, the longitudinal receptacle ground shields 122 include spring beams
642 extending from corresponding bases 640. The spring beams 642 are deflectable and are
configured to interface with corresponding header ground shields 220. In an exemplary
embodiment, the spri-ng beams 642 are bent and angled out of the plane of the base 640 in a
similar manner as the spring beams 612 (shown in Figure 12). The spring beams 642 have
curved tips that may be used to guide mating with the header ground shields 220. Optionally,
each base 640 may include a pair of spring beams 642. Optionaily, the pair of spring beams
642 may be angled in respective opposite directions, which may balance mating forces during
mating., The pair of spring beams 642 may engage respective different sides of the header

ground shields 220, which may balance mating forces during mating. Optionally, the spring
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beams 642 may have respective different lengths such that the tips of the spring beams 642
are at different distances from the base 640. Having different length spring beams 642
staggers the mating interfaces of the spring beams 642 with the receptacle ground shields,
which reduces the mating force for mating the mezzanine receptacle connector 104 with the

mezzanine header connector 102,

[0099] The mounting end 638 includes compliant pins 650 extending from
corresponding bases 640, The compliant pins 650 may be eye-of-the-needle pins. The
compliant pins 650 may be received in plated vias in the circuit board 108 to mechanically
and electrically couple the longitudinal receptacle ground shield strip 126 to the circuit board
108. Optionallf, each base 640 may include muliiple compliant pins 650.

[00100] The base 640 includes projections 652 extending from the sides of the base
640. The projections 652 may dig into the housing 112 to hold the longitudinal receptacle
ground shield 122 in the housing 112 by an interference fit. The base 640 may include
interference bumps (not shown) configured to engage the housing 112 to hold the

longitudinal receptacle ground shield 122 in the housing 112 by an interference fit.

[00101] The longitudinal receptacle ground shield strip 126 includes channels 654
defined between adjacent longitudinal receptacle ground shields 122. The longitudinal
receptacle ground shields 122 have tabs 656 flanking the channels 654. The channels 654
may be formed in or by one or more longitudinal receptacle ground shields 122. The
channels 654 are configured to receive corresponding bridges 604 (Figure 12} of the lateral
receptacle ground shield strips 124 (shown in Figure 12} and the tabs 656 mechanically and

electrically engage the corresponding lateral receptacle ground shield strips 124.

[00102] Figure 14 is a front perspective view of the mezzanine receptacle connector
104 showing the lateral and longitudinal receptacle ground shield strips 124, 126 loaded into
the housing 112. Figure 15 is a rear perspective view of the mezzanine receptacle connector
104 showing the lateral and longitudinal receptacle ground shield strips 124, 126 loaded into
the housing 112. Figure 16 is a partial sectional view of the mezzanine receptacle connector
104 showing the receptacle contacts 118 arranged in pairs in the housing 112 and surrounded

by the ground lattice 128.
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[00103] The receptacle contacts 118 are shown loaded in the receptacle contact
openings 140 in the housing 112 and are arranged as pairs, At the mounting end 136 (Figure
15), the receptacle contact openings 140 are discrete openings or pockets with separating
walls 700 defining the receptacle contact openings 140. The receptaclé contacts 118 may be
held in the receptacle contact openings 140 by an interference fit with the separating walls
700. At the mating end 134 (Figure 14), the receptacle contact openings 140 holding pairs of
the receptacle contacts 118 are open to each other in a single pocket, which may be referred
to hereinafter as a contact cavity 702. Both receptacle contacts 118 of each pair are exposed
within the contact cavity 702 for mating with the corresponding pair of header contacts 212
(shown in Figure 4). The contact cavity 702 receives a portion of the corresponding contact

assembly 210 (shown in Figure 4) therein, such as between the receptacle contacts 118.

[00104] The lateral receptacle ground shields 120 and longitudinal receptacle
ground shields 122 are shown loaded in the lateral receptacle ground shield openings 142 and
longitudinal receptacle ground shield openings 144, respectively. The lateral receptacle
ground shield openings 142 and longitudinal receptacle ground shield openings 144 include
lateral slots 704 and longitudinal slots 706, respectively. The elongated slots 704, 706 allow
the receptacle ground shield strips 124, 126 to be loaded into the housing 112. The slots 704,
706 may receive portions of the header ground shields 220 (shown in Figure 4) during mating
of the mezzanine header connector 102 (shown in Figure 2) and the mezzanine receptacle

connector 104,

[00105] In an exemplary embodiment, the lateral receptacle ground shield openings
142 include pockets 708 at the mating end 134 that receive corresponding spring beams 612
of the lateral receptacle ground shields 120. The pockets 708 may be sized to allow the
spring beams 612 to deflect, such as during mating with the corresponding header ground
shield 220. The pockets 708 may receive portions of the header ground shields 220 during

mating of the mezzanine header connector 102 and the mezzanine receptacle connector 104,

[00106] In an exemplary embodiment, the longitudinal receptacle ground shield
openings 144 include pockets 710 at the mating end 134 that receive corresponding spring
beams 642 of the longitudinal receptacle ground shields 122. The pockets 710 may be sized
to allow the spring beams 642 to deflect, such as during mating with the corresponding

header ground shield 220. The pockets 710 may receive portions of the header ground
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shields 220 during mating of the mezzanine header connector 102 and the mezzanine

receptacle connector 104.

[00107] The lateral receptacle ground shield strips 124 extend laterally in the
housing 112 parallel to the lateral axis 130 of the mezzanine receptacle connector 104. The
lateral receptacle ground shiclds 120 arc generally centered between rows of pairs of
receptacle contacts 118.  The longitudinal receptacle ground shield strips 126 extend
longitudinally in the housing 112 parallel to the longitudinal axis 132 of the mezzanine
receptacle connector 104. The longitudinal receptacle ground shields 122 are positioned

between columns of the receptacle contacts 118.

[00108] The longitudinal receptacle ground shield strips 126 are mechanically and
electrically connected to each of the lateral receptacle ground shield strips 124. Similarly, the
lateral receptacle ground shield strips 124 are mechanically and electrically connected to each
of the longitudinal receptacle ground shield strips 126. The mechanical and electrical
interconnection of the lateral receptacle ground shield strips 124 and the longitudinal

receptacle ground shield strips 126 forms the ground lattice 128.

[00109] Figure 17 illustrates a portion of the mezzanine receptacle connector 104
with the housing 112 (shown in Figures 14-16) removed to illustrate the receptacie contacts
118 and the receptacle ground shields 120, 122 held by the organizer 145. During assembly,
when the longitudinal receptacle ground shield strips 126 are loaded into the housing 112, the
channels 654 receive portions of the lateral receptacle ground shield strips 124. For example,
the bridges 604 may be received in corresponding channels 654. The tabs 656 engage the
bridges 604 to create a mechanical and electrical connection between the longitudinal
receptacle ground shield strips 126 and the lateral receptacle ground shield strips 124,
Similarly, the channels 624 receive portions of the longitudinal receptacle ground shield
strips 126. For example, the bridges 634 may be received in corresponding channels 624.
The tabs 626 engage the bridges 634 to create a mechanical and electrical connection
between the longitudinal receptacle ground shield strips 126 and the lateral receptacle ground
shield strips 124.

[00110] The bases 610, 640 and spring beams 612, 642 of the receptacle ground
shields 120, 122, respectively, form shield boxes 720 around corresponding pairs of
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receptacle contacts 118. The shield boxes 720 provide 360° electrical shielding around the
perimeter of each pair of receptacle contacts 118. The receptacle ground shields 120, 122
may cooperatc with the header ground shields 220 to ensure that the receptacle contact 118
and header contacts 212 (shown in Figure 4) are electrically shielded ai the mating interfaces

therebetween.

[00111] Figure 18 is a front view of the ground lattice 128 showing the shield boxes
720 formed by the receptacle ground shields 120, 122 surrounding each of the pairs of
receptacle contacts 118. Each pair of receptacle contacts 118 is electrically shielded from
each other pair of receptacle contacts 118. The shield boxes 720 each have a pair of
longitudinal receptacle ground shields 122 on resﬁective opposite sides of the receptacle
contacts 118 and a pair of lateral receptacle ground shields 120 on respective opposite sides
of the receptacle contacts 118 to form a generally rectangular box around the receptacle
contacts 118. The shield boxes 720 may have other shapes and may have other ground

shields forming part of the shield boxes 720 in alternative embodiments.

7 [00112] In the illustrated embodiment, each longitudinal receptacle ground shield
122 has a pair of the deflectable spring beams 642. The pair of deflectable spring beams 642
are generally longitudinally aligned with the spring beams of the associated receptacle
contacts 118, which is illustrated by lines 730 showing the spring beams 642 longitudinally
aligned with associated spring beams 160 of the receptacle contacts 118. The spring beams
642 provide electrical shielding along the receptacle contacts 118. In the illustrated
embodiment, each lateral receptacle ground shield 120 has a pair of the deflectable spring
beams 612. Each deflectable spring beam 612 is spaced generally equidistant from the
deflectable spring beams 160 of the associated receptacle contacts 118 within the shield
boxes 720, which is illustrated by lines 732, 734, 736, 738 showing the distance between the

spring beams 642 and the associated receptacle contacts 118.

[00113] Figure 19 is a cross-sectional view of the mezzanine connector assembly
100 showing the mezzanine header connector 102 mated with the mezzanine receptacle
connector 104. The receptacle contacis 118 are shown in a pair mated with the corresponding
pair of header contacts 212 of the contact assembly 210. When the mezzanine header
connector 102 is mated with the mezzanine receptacle connector 104, the contact assembly

210 is received in the contact cavity 702. The dielectric holder(s) 242, which hold
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corresponding header contacts 212, are received in the contact cavities 702. The header
contacts 212 are exposed along opposite sides of the dielectric holder(s) 242 for mating with

the receptacle contacts 118.

[00114] When the contact assembly 210 is loaded in the contact cavity 702, the
spring beams 160 are deflected outward away from each other. Each header contact 212 has
at least two points of contact with the corresponding receptacle contact 118. For example,
the mating interfaces 162, 176 of the receptacle contacts 118 engage the corresponding
header contacts 212. The mating interface 162 of the main contact 146 engages one portion
of the header contact 212 at an engagement point A while the mating interface 176 of the
sub-contact 148 engéges another portion of the header contact 212 at an engagement point B.
When the header contact 212 engages the support beam 174, the sub-contact 148 is pressed
outward toward the main contact 146. The support end 172 is pressed against the spring
beam 160 to ensure electrical contact between the support beam 174 and the spring beam
160.

[00115] The sub-contact 148 reduces or eliminates an electrical stub as there is little
ot no portion of the header contact 212 that extends beyond the engagement point of contact
for the transmission line. Additionally, the long spring beam 160 provides the recepiacle

contact 118 with a substantial amount of wipe along the header contact 212 during mating.

[00116] Figure 20 is a partial sectional view of the mezzanine connector assembly
100 showing the mezzanine header connector 102 coupled to the mezzanine receptacle
connector 104. The receptacle contacts 118 are arranged in corresponding contact cavities
702 and held in the housing 112, The lateral and longitudinal receptacle ground shields 120,
122 surround the receptacle contacts 118 and the header contacts 212 on four sides of each
pair to provide shielding for the mating segments 272 of the header contacts 212 and the
mating interfaces 162 (shown in Figure 3), 176 of the receptacle contacts 118. The lateral
and longitudinal receptacle ground shields 120, 122 mate with corresponding lateral and
longitudinal header ground shields 400, 430 to from the shield boxes 720, 430.

[00117] The header modules 200, 202, 204 (not shown) are stacked together with
the conductive housing frames 300 holding the contact assemblies 210. Each contact

assembly 210 includes a plurality of the header contacts 212 arranged in pairs. The header
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contacts 212 are supported by the dielectric holders 242 and are arranged in pairs on opposite
sides of the dielectric holders 242. In an exemplary embodiment, the pockets 256 behind the
mating segments 272 fill the space between the mating segments 272 with air. The pockets
256 may be filled with other diclectric material, and some of the space between the mating
segments 272 may be filled with the material of the dielectric holders 242. The mating
segments 272 of the header contacts 212 are loaded into corresponding contact cavities 702

for mating with corresponding receptacle contacts 118.

[00118] The conductive housing frames 300 provide electrical shielding for the
header contacts 212 and the receptacle contacts 118. The lateral and longitudinal header
grdund shields 400, 430 surround the header contacts 212 and the receptacle contacts 118 on
four sides of each pair to provide shielding for the mating segments 272 of the header

contacts 212 and the mating interfaces 162, 176 of the receptacle contacts 118.

[00119] The lateral and longitudinal header ground shields 400, 430 mate with
corresponding lateral and longitudinal receptacle ground shields 120, 122 to from the shield
boxes 720, 480. In an exemplary embodiment, the shield boxes 480 each include a pair of
opposed longitudinal header ground shields 430 and a pair of opposed lateral header ground
shields 400, and the shield boxes 720 each include a pair of opposed longitudinal receptacle
ground shields 122 and a pair of opposed lateral receptacle ground shields 120.

[00120] The longitudinal header ground shields 430 are mechanically and
electrically connected to corresponding longitudinal receptacle ground shields 122 and the
lateral header ground shields 400 are mechanically and electrically connected to
corresponding lateral receptacle ground shields 120 to form the shield boxes 720, 480
surrounding the mating interfaces of the receptacle and header contacts 118, 212. The lateral
and longitudinal header ground shields 400, 430 are mechanically and electrically connected
to the conductive housing frames 300 to electrically common the header ground lattice 224
and the receptacle ground lattice 128 with the housing frames 300 to provide shielding along
the header contacts 212 from the mating interfaces with the receptacle contacts 118 to the
circuit board 106 (shown in Figure 1). The transmission lines defined by the receptacle
contacts 118 and the header contacts 212 are thus shielded along the entire lengths thereof
between the circuit boards 106, 108 by the header ground lattice 224 and receptacle ground
lattice 128.
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[00121] When mated, the planar blades 410, 440 of the lateral and longitudinal
header ground shiclds 400, 430 are received in corresponding lateral slots 704 and
longitudinal slots 706 of the lateral receptacle ground shield openings 142 and longitudinal
receptacle ground shield openings 144, respectively. The planar blades 410, 440 are aligned
coplanar with the bases 610, 640 (shown in Figure 17) of the receptacle ground shields 120,
122, respectively. The spring beams 612, 642 of the receptacle ground shields 120, 122,
respectively, engage corresponding header ground shields 220, 222 to electrically connect the
receptacle ground lattice 128 to the header ground lattice 224. In an exemplary embodiment,
the spring beams 612, 642 arc arranged in pairs with the spring beams 612, 642 of each pair
engaging opposite sides of the corresponding blade 410, 440. Such an arrangement of the
spring beams 612, 642 may balance the mating forces between the mezzanine header
connector 102 and the mezzanine receptacle connector 104. The bases 610, 640 and blades
410, 440 deﬁﬁe the shield boxes 720, 480 and provide shielding along the entire length of the

mating segments 272 of the associated pair of header contacts 212.
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WHAT IS CLAIMED IS:

1. A mezzanine connector assembly (100) comprising a mezzanine receptacle
connector (104) and a mezzanine header connector (102), the mezzanine receptacle connector
comprising a plurality of receptacle contacts (118) arranged in pairs for carrying differential
pair signals, each of the receptacle contacts having a mating interface (162), the mezzanine
header connector comprising a plurality of header contacts (212) arranged in pairs for
cairying differential pair signals, each of the header contacts having a mating segment (272)
mated to the mating interface of the corresponding receptacle contact, characterized in that
the mezzanine receptacle connector comprises a plurality of receptacle ground shields (120,
122) surrounding each pair of the receptacle cohtacts and providing elecirical shielding from
each other pair of the receptacle contacts, the mezzanine header connector comprises a
plurality of header ground shields (220) surrounding each pair of the header contacts and
providing electrical shielding from each other pair of the header contacts, the header ground
shields are mechanically and electricaily connected to the receptacle ground shields to create

shield boxes (480, 720} around the various mated pairs of the header and receptacle contacts.

2. The mezzanine connector assembly of claim 1, wherein the receptacle ground
shields (120, 122) are arranged in a receptacle ground lattice (128) having longitudinal
receptacle ground shield - strips (126) and lateral receptacle ground shield strips (124)

interconnected to form the receptacle ground lattice.

3. The mezzanine connector assembly of claim 1, wherein the header ground
shields (220) are arranged in a header ground lattice (224) having longitudinal header ground
shield strips (432) and lateral header ground shield strips (402) interconnected to form the

header ground lattice.

4. The mezzanine connector assembly of claim I, wherein the header ground
shields (220) include blades (410, 440) providing shielding along an entire- length of the
mating éegments (272) of the associated pair of header contacts, the receptacle ground shiclds
(120, 122)_include spring beams (610) engaging corresponding blades of the header ground
shields,

5. The mezzanine connector assembly of claim 1, wherein the shield boxes (480,

720) comprise a pair of opposed longitudinal header ground shields (430), a pair of opposed
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lateral header ground shields (400), a pair of opposed longitudinal receptacle ground shields
(122), and a pair of opposed lateral receptacle ground shields {120).

6. The mezzanine connector assembly of claim 1, wherein the header ground
shields (400, 430) include blades (410, 440), the receptacle ground shields (120, 122) include
bases (610, 640), the mezzanine header connector (102) being coupled to the mezzanine
receptacle connector (104) such that the blades are aligned coplanar with corresponding

bases,

7. The mezzanine connector assembly of claim 6, wherein the mezzanine
receptacle connector (104) includes spring beams (612, 642) extending from corresponding
bases (610, 640), the spring beams mechanically and electrically connecting the receptacle
ground shields (120, 122) to the corresponding header ground shields (400, 430).

8. The mezzanine connector assembly of claim 7, wherein the spring beams
(612, 642) are arranged in pairs, each pair of spring beams engaging respective opposite sides
of a corresponding blade (410, 440). '

9. The mezzanine connector assembly of claim 1, wherein the receptacle ground
shields (120, 122) include spring beams (612, 642) engaging corresponding header ground
shields (400, 430), the spring beams being configured to engage the header ground shields in
a staged mating process where less than all of the spring beams initially engage the header
ground shields and wherein further mating of the mezzanine header connector (102) with the
mezzanine receptacle connector (104) allows all of the spring beams to engage the header

ground shields.
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