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MEZZANINE CONNECTOR

RELATED APPLICATIONS

This application claims priority benefit, under 35 U.S.C. § 119(e), of U.S.
Provisional Patent Application Serial No. 61/438,956, entitled “Mezzanine Connector”,
filed on February 2, 2011; and

this application further claims priority benefit, under 35 U.S.C. § 119(e), of U.S.
Provisional Patent Application Serial No. 61/473,565, entitled “Mezzanine Connector”,
filed on April 8§, 2011.

Each of the above-referenced applications is hereby incorporated by reference in

its entirety.

BACKGROUND

The present disclosure relates generally to electrical interconnections for
connecting printed circuit boards (“PCBs”).

Electrical connectors are used in many electronic systems. It is generally easier
and more cost effective to manufacture a system on several PCBs that are connected to
one another by electrical connectors than to manufacture a system as a single assembly. A
traditional arrangement for interconnecting several PCBs is to have one PCB serve as a
backplane. Other PCBs, which are called daughter boards or daughter cards, are then
connected through the backplane by electrical connectors.

Connectors in different formats are used, depending on the types or orientations of
PCBs to be connected. Some connectors are right angle connectors, meaning that they are
used to join two printed circuit boards that are mounted in an electronic system at a right
angle to one another. Another type of connector is called a mezzanine connector. Such a
connector is used to connect printed circuit boards that are parallel to one another.

Examples of mezzanine connectors may be found in: U.S. Patent Application
Serial No. 12/612,510, published as U.S. Patent Application Publication No. 2011-
0104948; International Application No. PCT/US2009/005275, published as International
Publication No. W0O/2010/039188; U.S. Patent No. 6,152,747; and U.S. Patent No.
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6,641,410. All of these patents and patent applications are assigned to the assignee of the
present application and are hereby incorporated by reference in their entireties.

Electronic systems have generally become smaller, faster and functionally more
complex. These changes mean that the number of circuits in a given area of an electronic
system, along with the frequencies at which the circuits operate, have increased
significantly in recent years. Current systems pass more data between printed circuit
boards and require electrical connectors that are electrically capable of handling more data
at higher speeds than connectors of even a few years ago.

One of the difficulties in making a high density, high speed connector is that
electrical conductors in the connector can be so close that there can be electrical
interference between adjacent signal conductors. To reduce interference, and to otherwise
provide desirable electrical properties, metal members are often placed between or around
adjacent signal conductors. The metal acts as a shield to prevent signals carried on one
conductor from creating "crosstalk”" on another conductor. The metal also impacts the
impedance of each conductor, which can further contribute to desirable electrical
properties.

As signal frequencies increase, there is a greater possibility of electrical noise
being generated in the connector in forms such as reflections, crosstalk and
electromagnetic radiation. Therefore, the electrical connectors are designed to limit
crosstalk between different signal paths and to control the characteristic impedance of
each signal path. Shield members are often placed adjacent the signal conductors for this
purpose.

Crosstalk between different signal paths through a connector can be limited by
arranging the various signal paths so that they are spaced further from each other and
nearer to a shield, such as a grounded plate. Thus, the different signal paths tend to
electromagnetically couple more to the shield and less with each other. For a given level
of crosstalk, the signal paths can be placed closer together when sufficient electromagnetic
coupling to the ground conductors is maintained.

Although shields for isolating conductors from one another are typically made
from metal components, U.S. Patent No. 6,709,294, which is assigned to the same
assignee as the present application and is hereby incorporated by reference in its entirety,

describes making an extension of a shield plate in a connector from conductive plastic.
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In some connectors, shielding is provided by conductive members shaped and
positioned specifically to provide shielding. These conductive members are designed to
be connected to a reference potential, or ground, when mounted on a printed circuit board.
Such connectors are said to have a dedicated ground system.

In other connectors, all conductive members may be generally of the same shape
and positioned in a regular array. If shielding is desired within the connector, additional
conductive members may be connected to an AC-ground. All other conductive members
may be used to carry signals. Such a connector, called an “open pin field connector,”
provides flexibility in that the number and specific conductive members that are grounded,
and conversely the number and specific conductive members available to carry signals or
power, can be selected when a system using the connector is designed. However, the
shape and positioning of conductive members providing shielding is constrained by the
need to ensure that those conductive members, if connected to carry a signal rather than
providing a ground, provide a suitable path for signals.

Other techniques may be used to control the performance of a connector. For
example, transmitting signals differentially can also reduce crosstalk. Differential signals
are carried by a pair of conducting paths, called a "differential pair." The voltage
difference between the conductive paths represents the signal. In general, a differential
pair is designed with preferential coupling between the conducting paths of the pair. For
example, the two conducting paths of a differential pair may be arranged to run closer to
each other than to adjacent signal paths in the connector. Conventionally, no shielding is
desired between the conducting paths of the pair, but shielding may be used between
differential pairs.

Examples of differential electrical connectors are shown in U.S. Patent
No. 6,293,827, U.S. Patent No. 6,503,103, U.S. Patent No. 6,776,659, and U.S. Patent No.
7,163,421, all of which are assigned to the assignee of the present application and are
hereby incorporated by reference in their entireties.

Differential connectors are generally regarded as “edge coupled” or “broadside
coupled.” In both types of connectors the conductive members that carry signals are
generally rectangular in cross section. Two opposing sides of the rectangle are wider than
the other sides, forming the broad sides of the conductive member. When pairs of
conductive members are positioned with broad sides of the members of the pair closer to

each other than to adjacent conductive members, the connector is regarded as being
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broadside coupled. Conversely, if pairs of conductive members are positioned with the
narrower edges joining the broad sides closer to each other than to adjacent conductive
members, the connector is regarded as being edge coupled.

Electrical characteristics of a connector may be controlled through the use of
absorptive material. U.S. Patent No. 6,786,771, which is assigned to the same assignee as
the present application and which is hereby incorporated by reference in its entirety,
describes the use of absorptive material to reduce unwanted resonances and improve
connector performance, particularly at high speeds (for example, signal frequencies of 1
GHz or greater, particularly above 3 GHz). U.S. Patent No. 7,371,117, U.S. Patent No.
7,581,990, and U.S. Patent Application Serial No. 13/029,052, published as U.S. Patent
Application Publication No. 2011-0230095, which are assigned to the assignee of the
present application and are hereby incorporated by reference in their entireties, describe

the use of lossy material to improve connector performance.

SUMMARY

Aspects of the present disclosure relate to improved high speed, high density
interconnection systems. The inventors have recognized and appreciated design
techniques for connectors and circuit assemblies to provide high signal densities through a
connector for high frequency signals. These techniques may be used together, separately,
or in any suitable combination.

In some embodiments, an improved connector may include two component pieces
adapted to mate with each other. Each component piece may include a housing into which
a plurality of wafers may be removably or fixedly installed. Each wafer may be formed by
attaching together two wafer halves manufactured using identical tooling. For example,
the two wafer halves may be arranged in reverse orientations, and may be attached to each
other using a suitable attachment mechanism, such as by inserting posts formed on one
wafer half into corresponding holes formed on the other wafer half. Using the same
tooling to manufacture both wafer halves may simplify manufacturing and thereby reduce
costs.

In some further embodiments, wafer halves may have interior portions that form a
channel adapted to receive a lossy member. For example, an interior portion of each wafer
half may have alternating recesses and raised regions such that, when two wafer halves are

attached to each other in reverse orientations, each raised region in one wafer half may
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align with, and extend into, a corresponding recess in the other wafer half. A lossy
member may be selectively included in the channel formed by the corresponding recesses
and raised regions to configure the connector for improved high frequency performance.

In yet some further embodiments, the lossy member may have a serpentine shape
adapted to wind along the channel formed between two wafer halves, so that the lossy
member is routed alternately closer to conductive elements configured as ground
conductors and farther from conductive elements configured as signal conductors. Such a
corrugated structure may also impart some spring-like properties to the lossy member,
which may allow the lossy member to press against interior portions of the wafer halves
when the wafer halves are attached to each other. This structure may facilitate good
contact between a lossy member and one or more conductive elements in the wafer halves
configured as ground conductors. This structure may also facilitate more uniform
electrical properties from part to part, despite routine manufacturing variations.

In yet some further embodiments, lossy portions may be formed on the wafer
halves, so that a wafer assembled from two wafer halves may have lossy material disposed
on the outside. The lossy portions may be formed by overmolding lossy material onto the
wafer halves. For example, a wafer half may have a channel formed on one or both sides,
where the channel is configured to be filled with molten lossy material during a molding
process. In an embodiment in which lossy material is disposed on both sides of a wafer
half, the wafer half may include a feature (e.g., an opening) configured to allow molten
lossy material to flow from one side of the wafer half to the other side during the molding
process.

In yet some further embodiments, each wafer half may have a protruding portion at
either end. A cross section of each protruding portion may have a generally trapezoidal
shape, so that protruding portions of two wafer halves, when held together, form a dove-
tailed piece at an end of the wafer. This dove-tailed piece may be shaped to fit within a
corresponding groove in a connector housing, so that the wafers, when inserted into
corresponding grooves, form structural members of the connector.

A two-piece mezzanine connector for high speed, high density signals. One piece
of the connector may have conductive elements with beam-shaped mating contacts. The
beams may include openings to control mechanical properties of the beam while allowing
edge to edge spacing between adjacent beams to be selected to provide desired electrical

properties. The openings may be teardrop shaped, with a larger width at a distal end of the
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beams. Beams associated with signal conductors may have openings that are shaped
differently from openings of beams associated with ground conductors. Furthermore, for a
first connector piece, mating contact regions of signal conductors may be wider than
mating contact regions of ground conductors, whereas, for a second connector piece
adapted to mate with the first connector piece, mating contact regions of signal conductors
may be narrower than mating contact regions of ground conductors. These contact shapes
may provide float while maintaining a high contact density.

In some embodiments, an improved connector may include two component pieces
adapted to mate with each other. One of the connector pieces may have conductive
elements with beam-shaped mating contact portions, while the other connector piece may
have conductive elements with pad-shaped mating contact portions adapted to mate with
corresponding beam-shaped mating contact portions. The beams may be compliant and
the pads may be relatively non-yielding, so that, when the two connector pieces are mated
with each other, the beams press against the pads to facilitate good electrical connection
between each beam and the corresponding pad.

In some further embodiments, each beam may have an opening to control
mechanical properties of the beam while allowing edge to edge spacing between adjacent
beams to be selected to provide desired electrical properties. For example, an opening
may be teardrop shaped, with a larger width towards a distal end of the beam and a smaller
width towards a proximal end of the beam. This results in less beam material towards the
distal end, so that a distribution of spring forces along the length of the beam approximates
a distribution of forces achieved with a tapered beam. In this manner, beams can be made
wider, but without being made stiffer, to achieve a desired edge-to-edge spacing between
adjacent beams.

In yet some further embodiments, beams shaped for different functions may have
differently shaped cutouts. For example, a beam associated with a conductive element
configured as a ground conductor may have a narrower cutout than a beam associated with
a conductive elements configured as signal conductor. This may equalize the stiffness of
all of the beams in a wafer, even if the beams have different dimensions.

In yet some further embodiments, mating contact portions of conductive elements
configured as ground conductors may be narrower than those of conductive elements
configured as signal conductors in one connector piece of a two-piece connector. In the

same two-piece connector, mating contact portions of the other connector piece may have
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opposite relative dimensions, with mating contact portions of conductive elements
configured as ground conductors being wider than mating contact portions of conductive
element configured as signal conductor. This design may reduce overall dimensions of a
wafer, while allowing “float” (i.e., some degree of misalignment) between corresponding
mating contact portions that are adapted to mate with each other.

In yet some further embodiments, a beam-shaped mating contact portion may have
a tab portion at a distal end and a neck portion closer to a proximal end. A contact region
may be formed between the tab portion and the neck portion, where the contact region is
wider than both the tab portion and the neck portion. A distance between the tab portion
and the neck portion may be at most 1.5 mm. The widened contact region may provide
float, as discussed above and in greater detail below, while the neck portion may be
provided to offset a change in impedance that may result from the widened contact region.

A footprint of an electronic assembly formed from conductive pads on a surface of
a printed circuit board. One or more vias may connect each pad to a conductive structure
within the printed circuit board. The footprint may be such that the vias for the pads are
aligned along columns, leaving wide routing channels between the columns. The pads
may have different shapes. For example, some of the pads may each have two solder
attachment regions that are electrically connected to a ground plane, while other pads may
each have one solder attachment region that is electrically connected to a signal trace. The
solder attachment regions may be arranged in such a pattern that they align with respective
contact tails of a connector assembly. A signal path may be formed between a solder
attachment region and a corresponding contact tail through a solder ball attached to the
contact tail.

In some embodiments, a footprint for attaching a connector to a printed circuit
board may include conductive pads formed on a surface of a printed circuit board in a
pattern that will align pads with solder balls attached to contact tails of a connector. One
or more vias may connect each pad to a conductive structure within the printed circuit
board. The footprint may be such that the vias for the pads are aligned along columns,
leaving wide routing channels between the columns. These routing channels may allow
signal traces to be readily routed in regions of the printed circuit board that underlie the
footprint, so that traces may be routed even to the very center of the footprint. Such a
footprint may reduce the need for additional layers in the printed circuit board, which may

in turn reduce costs.
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In some further embodiments, the conductive pads of the footprint may have
different shapes. For example, some of the pads may each have two solder attachment
regions that are electrically connected to a ground plane in the printed circuit board, while
other pads may each have one solder attachment region that is electrically connected to a
signal trace in the printed circuit board. The footprint may be such that solder attachment
regions connected to a pair of signal traces adapted to carry a differential signal may be
generally surrounded by solder attachment regions connected to a ground plane. This
configuration may provide improved shielding between conductor pairs adapted to carry
differential signals.

In yet some further embodiments, conductive pads along a column may have
different orientations to facilitate a high density of pads. For example, ground pads (e.g.,
pads connected to one or more ground planes) may be angled with respective to a
centerline of the column to create regions between ground pads that are of different sizes
on opposing sides of the column. Solder attachment regions of signal pads (e.g., pads
connected to signal traces) may be positioned in the larger regions. This positioning may
allow the center-to-center spacing of the solder attachment regions of the signal pads to be
larger than the center-to-center spacing of the vias for the signal pads while still being
positioned between solder attachment regions of adjacent ground pads. This arrangement
may achieve a high density footprint with good signal integrity properties and wide
routing channels.

Other advantages and novel features will become apparent from the following
detailed description of various non-limiting embodiments of the present disclosure when

considered in conjunction with the accompanying figures and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn to scale. For purposes
of clarity, not every component may be labeled in every drawing.

FIG. 1A is a perspective view of a first connector suitable for use in an
interconnection system, in accordance with some embodiments.

FIG. 1B is a perspective view of a second connector configured to mate with first
connector shown in FIG. 1A, in accordance with some embodiments.

FIG. 2A is a perspective view of an illustrative wafer suitable for use in the

connector shown in FIG. 1A, in accordance with some embodiments.
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FIG. 2B is a plan view of the illustrative wafer shown in FIG. 2A.

FIG. 2C is an exploded, perspective view of the illustrative wafer shown in FIG.
2A.

FIG. 2D is a cross-sectional view of a portion of an illustrative wafer half and a
portion of an illustrative lossy insert, in accordance with some embodiments.

FIG. 3A is a perspective view of a front side of an illustrative wafer half, in
accordance with some embodiments.

FIG. 3B is a perspective view of a back side of the illustrative wafer half shown in
FIG. 3A.

FIG. 3C is a plan view of the back side of the illustrative wafer half shown in FIG.
3A.

FIG. 3D is a cross sectional view through a portion of the illustrative wafer half
shown in FIG. 3A.

FIG. 4A is a perspective view of another illustrative connector suitable for use in
an interconnection system, in accordance with some embodiments.

FIG. 4B is a cross-sectional view of a portion of the illustrative connector shown in
FIG. 4A, taken along a plane that is parallel to a mating face.

FIG. 4C is a cross section through the illustrative connector shown in FIG. 4A.

FIG. 4D is a schematic view of an enlarged cross section at an area 4D, as
indicated in FIG. 4C.

FIG. 4E shows the same view as FIG. 4D, with the addition of an illustrative
dummy wafer installed in the illustrative connector, in accordance with some
embodiments.

FIG. 5A is a perspective view of yet another illustrative connector suitable for use
in an interconnection system, in accordance with some embodiments.

FIG. 5B is a partial cross sectional view of the illustrative connector shown in FIG.
SA.

FIG. 6A is a perspective view of another illustrative wafer suitable for use in a
connector of a two-piece electrical connector, in accordance with some embodiments.

FIG. 6B is an exploded view of the illustrative wafer shown in FIG. 6A.

FIG. 7A is a cross sectional view of a mating interface of an illustrative two-piece
connector, with the two component connectors fully mated with each other, in accordance

with some embodiments.
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FIG. 7B is an enlarged cross sectional view of the portion of the mating interface
designated 7B in FIG. 7A.

FIG. 8A is an exploded view of yet another an illustrative wafer suitable for use in
a connector of a two-piece electrical connector, in accordance with some embodiments.

FIG. 8B shows a perspective view of a wafer half of the illustrative wafer shown in
FIG. 8A, with a lossy member disposed on the wafer half, in accordance with some
embodiments.

FIG. 9A shows an illustrative footprint for attachment of a connector to a printed
circuit board, in accordance with some embodiments.

FIG. 9B shows a portion of a column of pads in the footprint shown in FIG. 9A.

FIG. 9C shows portions of two columns of pads, in accordance with some further
embodiments.

FIG. 10A is a perspective view of a front side of an illustrative wafer half, prior to
overmolding of lossy material, in accordance with some embodiments.

FIG. 10B is another perspective view of the illustrative wafer half shown in FIG.
10A, with lossy material disposed in a channel, in accordance with some embodiments.

FIG. 10C is a perspective view of a back side of the illustrative wafer half shown
in FIG. 10A, prior to overmolding of lossy material, in accordance with some
embodiments.

FIG. 10D is another perspective view of the back side of the illustrative wafer half
shown in FIG. 10A, with lossy material disposed in a channel, in accordance with some
embodiments.

FIG. 10E is a cross-sectional view of the illustrative wafer half shown in FIG. 10A,
prior to overmolding of lossy material, in accordance with some embodiments.

FIG. 10F is another cross-sectional view of the illustrative wafer half shown in
FIG. 10A, with lossy material disposed both on the front side and on the backside, in
accordance with some embodiments.

FIG. 10G is a perspective view of an illustrative wafer made of the illustrative
wafer half shown in FIG. 10A and a like wafer half, in accordance with some
embodiments.

FIG. 10H is a cross-sectional view of the illustrative wafer shown in FIG. 10G.

FIG. 11A is a perspective view of a front side of another illustrative wafer half,

prior to overmolding of lossy material, in accordance with some embodiments.

10
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FIG. 11B is another perspective view of the illustrative wafer half shown in FIG.
11A, with lossy material disposed in a channel, in accordance with some embodiments.

FIG. 11C is a perspective view of a back side of the illustrative wafer half shown
in FIG. 11A, prior to overmolding of lossy material, in accordance with some
embodiments.

FIG. 11D is another perspective view of the back side of the illustrative wafer half
shown in FIG. 11A, with lossy material disposed in a channel, in accordance with some
embodiments.

FIG. 11E is a cross-sectional view of the illustrative wafer half shown in FIG. 11A,
prior to overmolding of lossy material, in accordance with some embodiments.

FIG. 11F is another cross-sectional view of the illustrative wafer half shown in
FIG. 11A, with lossy material disposed both on the front side and on the backside, in
accordance with some embodiments.

FIG. 11G is a perspective view of an illustrative wafer made of the illustrative
wafer half shown in FIG. 11A and a like wafer half, in accordance with some
embodiments.

FIG. 11H is a cross-sectional view of the illustrative wafer shown in FIG. 11G.

DETAILED DESCRIPTION

FIG. 1A is a perspective view of a first connector 110A, and FIG. 1B is a
perspective view of a second connector 100B configured to mate with first connector
110A. The connectors 100A and 100B together form a two-piece electrical connector, in
accordance with some embodiments of the present disclosure. This two-piece connector is
here shown configured as a mezzanine connector for connecting two PCBs that are
parallel to one another. For instance, the connector 100A may have an attachment face
105A adapted to attach to a first PCB (not shown), and the connector 100B may have an
attachment face 105B adapted to attach to a second PCB (not shown) that is parallel to the
first PCB. Furthermore, the connector I00A may have a mating face 110A adapted to
mate with a mating face 110B of the connector 100B, so as to make electrical connections
between traces in the first and second PCBs.

In the example shown in FIG. 1A, the connector 100A comprises a housing into
which a plurality of wafers may be removably or fixedly installed. Here, the housing is

shaped as a shell 115A having outer walls defining a generally open interior region. The
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shell 115A may be generally shaped as a hollow rectangular tube, though other shapes
may be also used. The shell 115A may also be made of one or more pieces that may be
interconnected in any suitable way. For example, in some embodiments, the shell 115A
may include at least two component pieces, a first piece including the mating face 110A
and a second piece including the attachment face 105A. Each of these pieces may be
made in any suitable way. As one example, a piece may be molded of a thermoplastic
polymer with reinforcing fiber filler. Such a structure may be made to be insulative.
However, in some embodiments, conductive or lossy members or portions may be
incorporated into the shell 115A for shielding, impedance control, and/or resonance
control.

For clarity, FIG. 1A shows an illustrative arrangement in which only a portion of
the shell 115A is occupied by installed wafers 120A. More wafers may be installed at the
unoccupied portion of the shell 115A. The wafers 120A may be installed in the shell
115A using any suitable mechanism. For example, as discussed in greater detail below in
connection with FIGs. 4A-C, the vertical edges of the wafers 120A may be shaped to slide
within channels formed by grooves on interior side walls of the shell 115A (e.g., groove
125A shown in FIG. 1A). The grooves may be formed in such a manner to substantially
restrict lateral and/or rotational movements of the wafers 120A once the vertical edges of
the wafers 120A are inserted into the grooves. Thus, the relative spacing between grooves
may determine the relative spacing between installed wafers. Such spacing may, but need
not, be regular.

In some embodiments, a wafer may include one or more conductive elements, each
of which may have a contact tail adapted for attachment to a PCB, and a mating contact
portion adapted to make electrical connection with a corresponding conductive element of
a corresponding connector (e.g., the connector 100B shown in FIG. 1B) in a two-piece
connector. In the view illustrated in FIG. 1A, the contact tail portions of the wafers are
facing upward and visible, and the mating contact portions are facing downward and
obscured from view. Illustrative constructions of a wafer suitable for use in the connector
100A are shown in FIGs. 2A-C and 3A-D, and are described in greater detail below.

In various embodiments, either or both faces 105A and 110A of the shell 115A
may be partially or totally enclosed. For example, in the embodiment illustrated in FIG.
1A, the mating face 110A of the shell 115A is partially enclosed. As can be seen in a
portion of the mating face 110A not obscured by the installed wafers 120A, the mating

12
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face 110A may have slots, such as slot 130A. These slots may be positioned relative to
installed wafers in the connector 100A such that, when the connector 100A is mated with
a corresponding connector (e.g., the connector 100B shown in FIG. 1B), mating contact
portions of the corresponding connector can pass through the slots to engage mating
contact portions of the installed wafers of the connector 100A.

FIG. 1B is a perspective view of a connector 100B that can be used for attachment
to a PCB in an interconnection system, in accordance with some embodiments of the
present disclosure. For example, the connector 100B may be used in conjunction with the
connector 100A shown in FIG. 1A in a mezzanine connector configuration to form
electrical connections between two parallel PCBs.

The connector 100B may be constructed using techniques similar to those used to
make the connector 100A. For example, in the embodiment shown in FIG. 1B, the
connector 100B may include a shell 115B and a plurality of wafers 120B that may be
removably or fixedly installed in the shell 115B. Like the wafers 120A of the connector
100A, the wafers 120B also include conductive elements that have contact tails and
mating contact portions. The contact tails of conductive elements of the wafers 120B may
be shaped in a same, or similar, way as the contact tails of conductive elements of the
wafers 120A, and may therefore also be suitable for attachment to a PCB. On the other
hand, the mating contact portions of conductive elements of the wafers 120B may be
complementary to the mating contact portions of conductive elements of the wafers 120A
such that, when the connectors 100A and 100B are mated, the mating contact portions of
conductive elements of the wafers 120A will make electrical and mechanical connections
with the mating contact portions of corresponding conductive elements of the wafers
120B. In this way, signal paths will be created through the two-piece connector formed by
the connectors 100A and 100B.

To provide suitable electrical and/or mechanical connections between two mating
contact portions adapted to mate with each other, one of the two mating contact portions
may be compliant and the other may be relatively non-yielding. In the embodiment
illustrated in FIGs. 1A-B, compliance may be provided by beam-shaped mating contact
portions (“beams,” for short), which may be formed in the connector 100A. Examples of
such beam-shaped mating contact portions are shown in FIGs. 2A-C and 3A-D and are
further described below. The corresponding relatively non-yielding mating contact

portions may be pad-shaped and may be formed in the connector 100B. Examples of such
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pad-shaped mating contact portions (“pads,” for short) are shown in FIGs. 6A-B and
described in further detail below.

As illustrated by a comparison of FIG. 1A and 1B, the connectors 100A and 100B
in some embodiments may be of different heights. In this example, the connector 100B is
shown to be taller than the connector 100A. However, it should be appreciated that any
suitable combination of heights may be used in conjunction with any and all of the
inventive concepts disclosed.

The shell 115B of the connector 100B, like the shell 115A of the connector 100A,
may be of a generally tubular shape. In the embodiment illustrated in FIGs. 1A-B, the
shell 115B of the connector 100B has dimensions generally the same as, or similar to, the
connector 100A, but may have a mating face 110B that is shaped to mate with the mating
face 110A of the connector 100A. In this example, the mating face 110B of the connector
100B is not enclosed. Rather, the mating face 110B is such that the wafers 120B of the
connector 100B, including conductive elements with pad-shaped mating contact portions,
may be inserted into respective slots in the mating face 110A of the connector 100A, so as
to allow electrical and/or mechanical connections between corresponding mating contact
portions in the two connectors.

FIG. 2A is a perspective view of an illustrative wafer 200 suitable for use in the
connector 100A shown in FIG. 1A. In this example, the wafer 200 is made of two pieces
(hereinafter “wafer halves”) 200X and 200Y that are held together by some suitable
attachment mechanism. However, it should be appreciated that the wafer 200 in
alternative embodiments may be formed as an integral piece or as a combination of more
than two pieces.

In some embodiments, each of the water halves 200X and 200Y may be formed by
molding an insulative material around one or more conductive elements. In the example
shown in FIG. 2A, the wafer half 200X may include an insulative portion 210X formed
generally around a plurality of conductive elements disposed generally in parallel to each
other. Each conductive element may have exposed portions not covered by the insulative
portion 210X. Such exposed portions may include a contact tail (e.g., contact tail 220X
shown in FIG. 2A) and a mating contact portion (e.g., beam-shaped mating contact
portions 225X, 230X, 235X, 240X, and 245X shown in FIG. 2A).

In the example shown in FIG. 2A, each wafer half may have a protruding portion

at either end, such as protruding portion 250X of the wafer half 200X and protruding
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portion 250Y of the wafer half 200Y. A cross section of each protruding portion may
have a generally trapezoidal shape, so that the protruding portions 250X and 250Y, when
held together, form a dove-tailed piece at an end of the wafer 200. The dove-tailed piece
may be shaped to fit within a groove in a connector shell, such as the groove 125A of the
shell 115A shown in FIG. 1A. Further details of illustrative methods for installing wafers
in a connector shell are described below in connection with FIGs. 4A-C and 5A-B.

As discussed above, contact tails of conductive elements in a connector may be
adapted for attachment to a PCB. For example, in the embodiment shown in FIG. 2A, the
contact tail 220X may be suitable for surface mounting onto a PCB. A solder ball (not
shown in FIG. 2A) may be attached to an end portion of the contact tail 220X to facilitate
surface mount attachment of a connector including wafer 200 to a PCB. Such attachment
may be provided using known manufacturing techniques. In one example, the contact tail
may be appropriately positioned over a pad on a surface of a PCB, so as to melt the solder
and thereby form an electrical connection between the contact tail 220X and a selected
trace or, for ground conductors, a ground plane, in the PCB connected to the pad. An
example of a suitable arrangement of pads is illustrated in FIG. 9 and discussed below.

In the example shown in FIG. 2A, the contact tail 220X may “neck down” (i.e.,
become narrower) at or near the end portion where a solder ball can be attached. Such a
construction may simplify manufacturing and/or provide improved electrical properties.
For example, because the end portion of the contact tail 220X is narrower than the rest of
the contact tail 220X, the contact tail 220X as a whole may have a more uniform
distribution of conductive material when a solder ball is attached to the end portion.
Alternatively, the shape of the contact tail may facilitate attachment of a solder ball.

It should be appreciated that solder balls may be attached to contact tails of
conductive elements of the wafer half 200X using any suitable technique, for example, by
inserting the contact tails into solder balls held in cavities and heated to a temperature that
softens the solder to a state that the contact tail may be inserted into the solder ball.
Furthermore, solder balls may be attached to the contact tails at any suitable stage of
manufacturing, for example, while the wafer half 200X is being formed, after the wafer
half 200X has been formed, after the wafer half 200X has been combined with another
wafer half to form a wafer, or after the formed wafer is installed in a connector shell.
Though, in some embodiments, the solder balls are attached in the same operation for all

of the contact tails for all wafers in a connector.

15



10

15

20

25

30

WO 2012/106554 PCT/US2012/023689

As discussed above, conductive elements of the wafer half 200X may have
compliant beam-shaped mating contact portions (e.g., beams 225X, 230X, 235X, 240X,
and 245X shown in FIG. 2A) adapted to mate with respective pad-shaped mating contact
portions of conductive elements of a corresponding connector in a two-piece connector.
In the embodiment shown in FIG. 2A, each beam may have a generally tapered shape that
is wider at a base portion near the insulative portion 210X of the wafer half 200X, and
narrower at a distal end. Such a tapered shape may provide a more uniform distribution of
spring force along the length of the beam when the beam is mated with a corresponding
pad, which may in turn facilitate more uniform electrical connection between the beam
and the pad.

In the embodiment shown in FIG. 2A, a tab (e.g., tab 255X) is provided at each
beam, extending from the distal end of the beam. As explained in greater detail below in
connection with FIG. 5, such a tab may engage a feature in a structure defining a mating
face of a connector shell (e.g., the mating face 110A of the shell 115A shown in FIG. 1A),
so as to reduce the chance of stubbing upon mating between a beam and a pad.

FIG. 2A illustrates some specific designs and arrangements of connector wafers. It
should be appreciated that such designs and arrangements are provided solely for purpose
of illustration. Other designs and/or arrangements may also be suitable, as the various
inventive concepts disclosed herein are not limited to any particular mode of
implementation.

FIG. 2B is a plan view of the illustrative water 200 shown in FIG. 2A. In this
view, some of the contact tails of conductive elements of the wafer 200 are shown with
solder balls 222 attached thereto. However, it should be appreciated that solder balls are
described herein merely as an example of a mechanism for attaching a connector to a
PCB. Other attachment mechanisms may also be suitable.

FIG. 2C is an exploded, perspective view of the illustrative wafer 200 shown in
FIG. 2A. Both wafer halves 200X and 200Y are visible in this view, as are some
illustrative attachment features for holding the wafer halves 200X and 200Y together. The
illustrative attachment features include posts formed on one wafer half and corresponding
holes formed on the other wafer half. For example, a post 260Y may be molded in an
insulative portion 210Y of the wafer half 200Y and may be shaped to be inserted into a
hole 260X formed in the wafer half 200X. The hole 260X may pass through a conductive
element of the wafer half 200X and may have a diameter slightly smaller than that of the
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post 260Y. As a portion of the post 260Y is forced through the hole 260X, it may be
compressed, but may re-expand once through the hole 260X. As a result, the post 260Y
may become securely held in the hole 260X. Similarly, a post 265X (partially obscured
from view in FIG. 2C) may be molded in the insulative portion 210X of the wafer half
200X and may be shaped to be inserted into a hole 265Y formed in the wafer half 200Y.

While posts and corresponding holes are shown in the FIG. 2C to attach the wafer
halves 200X and 200Y, it should be appreciated that other suitable attachment
mechanisms may also be used for that purpose. Alternative attachment mechanisms may
include, for example, adhesives, welds, or latching members.

In some embodiments, wafer halves may have the same size and shape such that
both wafer halves may be formed using the same manufacturing tooling for some or all of
the manufacturing steps. This tooling may include dies to stamp and form lead frames
from a sheet of conductive material, as well as molds used to over-mold insulative
portions onto the lead frames. In the embodiment illustrated in FIG. 2C, the same tooling
has been used such that the wafer halves 200X and 200Y are, within normal deviations
found in manufacturing, identical. Accordingly, the wafer 200 shown in FIG. 2A may be
made of two identical wafer halves which, when attached to form the wafer 200, are
arranged in reversed orientations from one another. This design may simplify
manufacturing and thereby reduce costs. However, it should be appreciated that the
present disclosure does not require the use of identical wafer halves. Other designs with
non-identical wafer halves may also be used.

In the embodiment shown in FIG. 2C, the wafer halves 200X and 200Y each
include multiple conductive elements held in an insulative portion. Such wafer halves
may be manufactured, for example, using an insert molding operation. The conductive
elements in each wafer half may be arranged, except on one end, in groups of four. Each
group may comprise, in the center, a pair of conductive elements that are shaped to serve
as signal conductors. In the embodiment illustrated, these signal conductors are shaped to
provide a pair of edge-coupled signal conductors adapted to carry a differential signal.
The two remaining conductive elements on either side of the center pair may be shaped to
serve as ground conductors.

For example, the beams 225X, 230X, 235X, and 240X may be parts of conductive
elements within the same group. The beams 230X and 235X may be mating contact

portions of a pair of conductive elements configured as signal conductors, while the beams
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225X and 240X may be mating contact portions of two conductive elements configured as
ground conductors.

An additional conductive element, not included within any group, may be at an end
of each wafer half. This conductive element may be configured as a ground conductor.
Inclusion of such a conductive element may provide a generally uniform pattern of ground
conductors around all pairs of signal conductors, even those signal conductors located near
an end of a row. For example, the beam 245X, which is located at an opposite end of the
wafer half 200X from the beams 225X, 230X, 235X, and 240X, may be a mating contact
portion of a conductive element configured as a ground conductor. Though not visible in
the view of FIG. 2C, beam 245X may be formed as part of the same conductive element as
beam 246X, which may also be configured as a ground conductor. Beams 245X and 246X
may be joined through a planar structure, which in the embodiment of FIG. 2C is within
the insulative portion 210X. This planar structure aligns with intermediate portions of
conductive elements forming beams 230Y and 235Y when the wafer halves 200X and
200Y are pressed together. That planar portion is terminated on both ends by beams 245X
and 246X and corresponding contact tails (not numbered). Similar planar conductive
structures span beams designated as ground conductors in adjacent groups. For example,
beams 240X and 241X may be portions of a single conductive element such that beams
240X and 241X are joined by a planar member within the insulative portion 210X.
Likewise, beams 242X and 243X may be joined by a conductive member within the
insulative portion 210X. Each of these planar members may align with the intermediate
portions of a pair of signal conductors in the opposing wafer half 200Y.

While FIG. 2C shows an illustrative arrangement of conductive elements suitable
for carrying differential signals, it should be appreciated that various inventive concepts
described herein may also be applied to connectors having conductive element arranged
and configured to carry single-ended signals. For example, in some embodiments, a
column of conductive elements in a wafer half may have signal conductors and ground
conductors arranged in an alternating pattern, rather than in groups of four as in the
example of FIG. 2C. In one implementation, each ground conductor may be about twice
as wide as each signal conductor, so that each ground conductor may have two
corresponding beams, whereas each signal conductor may have just one corresponding
beam. The signal and ground conductors may be arranged in such a manner as to provide

uniform spacing between adjacent beams. However, it should be appreciated that aspects
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of the present disclosure are not limited to any particular arrangement or relative
dimension of signal conductors and ground conductors. As discussed above, the
illustrative wafer halves 200X and 200Y shown in FIG. 2C are identically manufactured.
Therefore, the wafer halves 200X and 200Y contain the same number of groups of
conductive elements. These groups are positioned such that, when the wafer halves 200X
and 200Y are mated with each other (in opposite orientations), conductive elements
configured as signal conductors in the wafer half 200X are generally aligned with
conductive elements configured as ground conductors in the wafer half 200Y, and vice
versa. Such an arrangement may further enhance the general pattern that ground
conductors surround all pairs of signal conductors. As another example, all of the
conductive elements may be of substantially the same size such that no conductors are
designated as ground conductors

While not visible in FIG. 2C, intermediate portions of conductive elements
configured as ground conductors may be wider than intermediate portions of conductive
elements configured as signal conductors. However, in the example illustrated in FIG. 2C,
mating contact portions of conductive elements configured as ground conductors (e.g., the
beams 225X and 240X) may be narrower than those of conductive elements configured as
signal conductors (e.g., the beams 230X and 235X). As described below in greater detail
in connection with FIGs. 6A-B and 7A-B, the corresponding pad-shaped mating contact
portions may have opposite relative dimensions, with pads of conductive elements
configured as ground conductors being wider than pads of conductive elements configured
as signal conductors. As a result, the overall dimensions of a wafer may be reduced, while
allowing “float” (i.e., some degree of misalignment) between corresponding wafers that
are adapted to mate with each other in a two-piece connector.

FIG. 2C also shows that the wafer 200 may, in some embodiments, include a lossy
member 270. In this example, the lossy member 270 is corrugated and may fit within a
groove formed by alignment of cavities in opposing inner surfaces of the two wafer halves
200X and 200Y. The cavities may be formed in the insulative portions of the two wafer
halves 200X and 200Y that hold conductive elements. For example, the wafer half 200Y
may have cavities 280Y, 282Y, and 284Y, and projections 281Y, 283Y, and 285Y,
arranged in an alternating pattern. Although not visible in the view shown in FIG. 2C, the
inner surface of the wafer half 200X may also have alternating cavities and projections,

because the wafer half 200X may be identically manufactured as the wafer half 200Y.
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When the wafer halves 200X and 200Y are attached to each other (in opposite
orientations), each projection in the wafer half 200X may align with, and extend into, a
corresponding cavity in the wafer half 200Y, and vice versa. Thus, in this example, the
pattern of cavities and projections on each wafer half is not symmetric around the center of
the wafer half; rather, there are as many cavities as there are projections.

While the illustrated pattern of cavities and projections on the wafer halves 200X
and 200Y may be beneficial for various reasons noted below, such a pattern is not
required. For example, in some alternative embodiments, only one of the two wafer
halves may have such alternating cavities and projections. In yet some further
embodiments, the wafer halves may not have any pattern of cavities and projections at all.

In the example shown in FIG. 2C, the lossy member 270 may be captured between
the wafer halves 200X and 200Y when the halves 200X and 200Y are secured to each
other. Accordingly, no special attachment features for holding lossy member 270 are
necessary. Moreover, lossy member 270, in the embodiment illustrated, does not form a
structural member of wafer 200, allowing wafer 200 to be assembled with or without lossy
member 270. However, other techniques for fastening or otherwise attaching the lossy
member 270 to the wafer 200 may also be used, including incorporating lossy member 270
as a structural member of wafer 200, as the present disclosure does not require any
particular attachment method. Furthermore, the wafer 200 may, in alternative
embodiments, be made without any lossy member between two wafer halves.

FIG. 2D shows a cross-sectional view of a portion of a wafer half 200Z and a
portion of a lossy insert 270Z, in accordance with some embodiments. In this example,
features are provided to deter relative movement between the wafer half 200Z and the
lossy insert 270Z. Such a feature may be desirable for reducing a likelihood that the lossy
insert 270Z dislodges from the wafer half 200Z during a manufacturing process, before a
corresponding wafer half (not shown) is attached to the wafer half 200Z to form a wafer
having the lossy insert 270Z incorporated therein.

In the example shown in FIG. 2D, the wafer half 200Z includes a plurality of
conductive elements, such as the conductive elements 2807, 2307, 2357, 2827, and 2317.
The conductive elements 280Z and 2827 may be configured as ground conductors, while
the conductive elements 230Z, 2317, and 235Z may be configured as signal conductors.

Similar to the illustrative lossy insert 270 shown in FIG. 2C, the lossy insert 270Z

may have a serpentine shape so that lossy material is disposed close to ground conductors
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(e.g., the conductive elements 280Z and 2827) but away from signal conductors (e.g., the
conductive elements 2307, 2317, and 235Z) when the lossy insert 270Z is incorporated
into the wafer. The wafer half 200Z may further include one or more insulative portions
(e.g., insulative portions 2817 and 283Z) that further insulate the lossy insert 270Z from
the signal conductors and, in some embodiments, ground conductors.

Unlike the illustrative lossy insert 270 shown in FIG. 2C, the lossy insert 270Z in
the example of FIG. 2D may have a protruding portion 2757 adapted to be inserted into a
recess 2907 formed in the insulative portion 281Z. These features may be provided to
deter relative movement between the wafer half 200Z and the lossy insert 270Z. In some
embodiments, these features may function to attach the lossy insert 270Z to the wafer half
200Z, for example, via an interference or adhesive fit. In alternative embodiments, the
protruding portion 2757 may move freely in a vertical direction, but lateral movement
may be deterred by walls of the recess 290Z. In yet some further embodiments, a
protruding portion may be formed in the insulative portion 281Z (rather than in the lossy
insert 270Z), and a corresponding recess may be formed in the lossy insert 2707 (rather
than in the protruding portion 2817).

While specific examples of movement deterring features are discussed above in
connection with FIG. 2D, it should be appreciated that other features may also be used for
deterring relative movement between a wafer half and a lossy insert during a
manufacturing process. For example, in alternative embodiments, an adhesive may be
used for this purpose, without forming a recess in an insulative portion nor a protrusion on
a lossy insert.

In some embodiments, lossy member 270 may be formed, such as by molding,
from a lossy material. Materials that conduct, but with some loss, over the frequency
range of interest are referred to herein generally as “lossy” materials. Electrically lossy
materials can be formed from lossy dielectric and/or lossy conductive materials. The
frequency range of interest depends on the operating parameters of the system in which
such a connector is used, but may generally be between about 1 GHz and 25 GHz.
Frequencies outside this range (e.g., higher or lower frequencies) may also be of interest in
some applications. On the other hand, some connector designs may have frequency ranges
of interest that span only a portion of this range, such as 1 to 10 GHz, 3 to 15 GHz, or 3 to
6 GHz.
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Electrically lossy material can be formed from material traditionally regarded as
dielectric materials, such as those that have an electric loss tangent greater than
approximately 0.003 in the frequency range of interest. The “electric loss tangent” is the
ratio of the imaginary part to the real part of the complex electrical permittivity of the
material.

Electrically lossy materials can also be formed from materials that are generally
thought of as conductors, but are either relatively poor conductors over the frequency
range of interest, contain particles or regions that are sufficiently dispersed that they do not
provide high conductivity, or otherwise are prepared with properties that lead to a
relatively weak bulk conductivity over the frequency range of interest. Electrically lossy
materials typically have a conductivity of about 1 siemans/meter to about 6.1 x 10’
siemans/meter, preferably about 1 siemans/meter to about 1 x 10’ siemans/meter, and most
preferably about 1 siemans/meter to about 30,000 siemans/meter.

Electrically lossy materials may be partially conductive materials, such as those
that have a surface resistivity between 1 €/square and 10° Q/square. In some
embodiments, an electrically lossy material may be used that has a surface resistivity
between 1 Q/square and 10° Q/square. In some alternative embodiments, an electrically
lossy material may be used that has a surface resistivity between 10 £/square and 100
Q/square. As a more specific example, an electrically lossy material may be used that has
a surface resistivity of between about 20 /square and 40 /square.

In some embodiments, electrically lossy material is formed by adding to a binder a
filler that contains conductive particles. Examples of conductive particles that may be
used as a filler to form an electrically lossy material include carbon or graphite formed as
fibers, flakes or other particles. Metal in the form of powder, flakes, fibers or other
particles may also be used to provide suitable electrically lossy properties. Alternatively,
combinations of fillers may be used. For example, metal plated carbon particles may be
used. Silver and nickel are suitable metal plating for fibers. Coated particles may be used
alone or in combination with other fillers, such as carbon flakes. In some embodiments,
the conductive particles may be disposed in a lossy member generally evenly throughout,
rendering a conductivity of the lossy member generally constant. In other embodiments, a
first region of a lossy member may be made more conductive than a second region of the
lossy member, so that the conductivity, and therefore an amount of loss within the lossy

member, may vary.
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The binder or matrix may be any material that will set, cure or can otherwise be
used to position the filler material. In some embodiments, the binder may be a
thermoplastic material such as is traditionally used in the manufacture of electrical
connectors to facilitate molding of the electrically lossy material into desired shapes and
locations as part of the manufacture of an electrical connector. However, many alternative
forms of binder materials may be used. Curable materials, such as epoxies, can serve as a
binder. Alternatively, materials such as thermosetting resins or adhesives may be used.
Also, while the above described binder materials may be used to create an electrically
lossy material by forming a binder around conducting particle fillers, other methods of
forming an electrically lossy material may also be used. For example, conducting particles
may be impregnated into a formed matrix material, or may be coated onto a formed matrix
material, such as by applying a conductive coating to a plastic housing. As used herein,
the term “binder” encompasses any material that encapsulates the filler, is impregnated
with the filler, or otherwise serves as a substrate to hold the filler.

Preferably, the fillers will be present in a sufficient volume percentage to allow
conducting paths to be created from particle to particle. For example, when metal fiber is
used, the fiber may be present in about 3% to 40% by volume. The amount of filler may
impact the conducting properties of the material.

Filler materials may be purchased commercially, such as materials sold under the
trade name Celestran® by Ticona. A lossy material, such as lossy conductive carbon
filled adhesive perform, such as those sold by Techfilm of Billerica, Massachusetts, U.S.
may also be used. This perform can include an epoxy binder filled with carbon particles.
The binder surrounds carbon particles, which acts as a reinforcement for the perform.
Such a perform may be shaped to form all or part of a lossy member and may be
positioned to adhere to ground conductors in the connector. In some embodiments, the
perform may adhere through the adhesive in the perform, which may be cured in a heat
treating process. Various forms of reinforcing fiber, in woven or non-woven form, coated
or non-coated, may be used. Non-woven carbon fiber is one suitable material. Other
suitable materials, such as custom blends as sold by RTP Company, can also be employed,
as the present disclosure does not require any particular type of filler material.

Returning to the example illustrated in FIG. 2C, the projecting portions 281Y,
283Y, and 285Y may be adjacent to conductive elements in the wafer half 200Y that are

configured to be signal conductors. Likewise, the cavities 280Y, 282Y, and 284Y may be

23



10

15

20

25

30

WO 2012/106554 PCT/US2012/023689

aligned with conductive elements configured as ground conductors. In some
embodiments, conductive elements configured as ground conductors in adjacent groups of
four (e.g., conductive elements 290Y and 292Y) may be joined to a common, generally
planar intermediate portion that is conductive and that spans the distance between the
adjacent groups. In the example illustrated in FIG. 2C, such a planar conductive portion
may be in the floor of a cavity (e.g., the cavity 282Y) on the inner surface of the wafer half
200Y.

In some embodiments, the planar conductive portion may be exposed such that the
lossy member 270 may press against the planar conductive portion. In such an
embodiment, the lossy member 270 may make Ohmic contact with the planar conductive
portion. However, it is not a requirement that lossy member 270 make such Ohmic
contact, and the planar conductive portion may be partially or totally separated from lossy
member 270 by insulative material of the insulative portion 210Y of the wafer half 200Y.
Even if the lossy member 270 does not make Ohmic contact with the conductive elements
designated as ground conductors, shaping lossy member 270 such that portions of the
lossy member 270 are in close proximity to portions of the ground conductors provides
coupling between the ground conductors and lossy member 270. This coupling may
dampen resonances that may form in the grounding system of the connector.

As can be seen in the example of FIG. 2C, lossy member 270 may have a
serpentine shape, winding along the channel formed between wafer halves 210X and 210Y
as the lossy member 270 is routed alternately closer to the ground conductors and farther
from the signal conductors in the wafer halves 210X and 210Y.

Such a corrugated structure may also impart some spring-like properties to the
lossy member 270, which may allow the lossy member to press against the inner surfaces
of the wafer halves 200X and 200Y when the wafer halves 200X and 200Y are secured
together. This structure may facilitate good contact between the lossy member 270 and
one or more conductive elements designated as ground conductors, if such conductive
elements are totally or partially exposed in a floor of a cavity (e.g., any of the cavities
280Y, 282Y, and 284Y). This structure also may facilitate more uniform electrical
properties from part to part, despite routine manufacturing variations.

While FIG. 2C illustrates some specific designs and arrangements of connector
wafer elements, it should be appreciated that such designs and arrangements are provided

solely for purpose of illustration. Other designs and/or arrangements may also be suitable,
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as the various inventive concepts disclosed herein are not limited to any particular mode of
implementation.

Turning now to FIGs. 3A-D, an alternative design for an illustrative wafer half 300
is shown, in accordance with some embodiments of the present disclosure. Like the wafer
halves 200X and 200Y shown in FIGs. 2A-C, the wafer half 300 may be joined with
another like wafer half to form a wafer that is suitable for use in a connector such as the
connector 100A shown in FIG. 1A.

Wafer half 300 may be constructed using components and techniques as described
above in connection with wafer halves 200X and 200Y. However, as can be seen in FIG.
3A, the beams of the conductive elements of wafer half 300 have a different configuration
than the beams of wafer halves 200X and 200Y.

FIG. 3A is a perspective view of a front side of the illustrative wafer half 300. In
this example, the wafer half 300 may include an insulative portion 305 at least partially
enclosing a plurality of conductive elements. Each conductive element may have a
contact tail (e.g., contact tail 310 shown in FIG. 3A) for attachment to a PCB, and a beam-
shaped mating contact portion (e.g., beam 315 shown in FIG. 3A) for mating with a pad-
shaped mating contact portion of a corresponding conductive element in a mating
connector. The beam 315 may have a shape that is different from the beams of the wafer
halves 200X and 200Y shown in FIGs. 2A-C. For example, the beam 315 may have a
cutout 320 shaped to provide enhanced electrical properties.

As a more specific example, the cutout 320 may be located in a middle portion of
the beam 315, and may have an elongated teardrop shape that is narrower towards a
boundary of the insulative portion 305 and wider towards a distal end of the beam 315.
This configuration may improve uniformity of mechanical and/or electrical properties
along a length of the beam 315. For example, by controlling a size and/or shape of the
cutout 320, and hence an amount of conductive material removed at various locations
along the beam 315, a desirable impedance value may be achieved, such as 85 or 100
Ohms.

In the example illustrated in FIG. 3A, incorporating a cutout 320 in each of the
beams allows a position of the outer edges of the beams to be positioned independently of
the amount of material in the beams. For example, adjacent beams 317 and 319 have
facing edges 321A and 321B, respectively. Beams 317 and 319 may be separated by a

distance D,. This separation may be determined by a desired pitch of the connector or
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other factors. When beams 317 and 319 form portions of conductive elements used to
carry a differential signal, the spacing D; between edges 321A and 321B may impact the
impedance of the conducting path for such a differential signal. Similar spacings of edges
of beams 317 and 319 relative to other adjacent beams, such as beams 321 and 323, which
may form portions of ground conductors, may similarly impact the impedance.

Accordingly, beams such as beams 317 and 319 may be formed with an edge-to-
edge width designed to position the edges of beams 317 and 319 with a suitable spacing
relative to adjacent beams. The inventors have recognized and appreciated that forming
beams with desired edge positioning to achieve desired electrical properties may have
undesirable mechanical properties. For example, achieving a desired edge-to-edge
spacing of D; while maintaining a center line-to-center line spacing of D, may result in
beams that are wider, and therefore stiffer, than desired. By incorporating a cutout, such
as cutout 320, in the beams, the stiffness of the beams may be reduced relative to a beam
formed without such a cutout. Cutouts 320 may be shaped to provide a stiffness for beams
such as beams 317 and 319 equivalent to the stiffness of beams such as beams 230X and
235X in the example illustrated in FIG. 2C.

Further, the shape of the cutout 320 may be selected to distribute the spring forces
along the length of the beam. In the example illustrated in FIG. 3A, the pear-shaped
cutout 320 results in a wider cutout and less beam material towards the distal tip of the
beam. Such a configuration provides a distribution of spring forces along the length of the
beam that approximates the distribution of forces achieved with a tapered beam.
Accordingly, appropriate selection of the size and shape of cutouts 320 provides desired
mechanical properties for the beams while achieving desired electrical properties.

In the embodiment illustrated in FIG. 3A, beams shaped for different functions
may have differently shaped cutouts. For example, cutout 330 is illustrated in a beam 332
serving as a mating contact portion of a ground conductor. In this example, beam 332 has
a narrower distal portion than beam 315. Accordingly, cutout 300 in beam 332 is
narrower than cutout 320 in beam 315. Though not a requirement of the invention,
choosing cutouts with different dimensions for beams with different dimensions can
equalize the stiffness of all of the beams in a wafer half 300. Any suitable dimensions
may be used for D; and D, and for the length, width and overall shape of the cutouts, such
as cutouts 320 and 330. In some embodiments, the dimension D; may be between 0.Imm

and 0.5mm and the dimension D, may be between 0.5mm and 2mm. In some
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embodiments, the dimension D; may be approximately 0.3mm, and may approximate the
edge-to-edge spacing of intermediate portions of the conductive elements carrying signals
(which are not visible in FIG. 3A). Some or all of the dimensions may depend on other
characteristics of the connector. For example, the size and shape of the cutouts, such as
cutouts 320 and 330, may depend on the overall length of the portion of the beams, such as
beams 317, 319, and 332 extending from the insulative portion 305 of wafer half 300.
However, as an example, these dimensions may be approximately: 2mm to Smm for the
length of the beams, 0.5mm to 1.5mm for the width of the beams, 1mm to 2mm for the
length of the cutouts, and 0.1mm to 0.5mm for the with of the cutouts.

FIG. 3B is a perspective view of a back side of the illustrative wafer half 300,
which will form an inner surface of a wafer when wafer half 300 is attached to another
similarly shaped wafer half. In this view, that inner surface and the insulative portion 305
is visible, including cavities 382, 384, and 386, and projections 381, 383, and 385. Also
visible are a plurality of posts and a plurality of holes. The posts may be formed on the
insulative portion 305, including post 360, which may be adapted to extend through a
corresponding hole formed on another wafer half (not shown) to attach the wafer half 300
and the other wafer half through an interference fit between the post 360 and the
corresponding hole. The corresponding hole in the other wafer half may be similarly
located as hole 365 in the wafer half 300. In the illustrated example, the holes, such as
hole 365, pass through portions of the wafer half 300 containing a planar portion of a
conductive element configured to act as a ground conductor. Deformation of the plastic
posts, such as post 360, when pressed through a hole in the metal sheet provides a secure
connection between the wafer halves. Though, it should be appreciated that any suitable
mechanism for securing a post, such as post 360, in a hole, such as hole 365, may be used.

FIG. 3C is a plan view of a back side of the illustrative wafer half 300. The shape
of the beam 315 can be seen in this view, including several changes in width. For
example, the beam 315 may have a narrow tab at the distal end. A width w; of the tab
may be between 0.1mm and 0.3mm. Above the narrow tab, the beam 315 may widen to a
width w;in a contact region, which may be between 0.5mm and Imm. Further up, the
beam 315 may narrow again slightly at a neck portion having a width w3, which may be
between 0.2mm and 0.5mm The widened contact region may provide additional float, as
described in greater detail below. The neck portion may be provided to offset a change in

impedance that may result from the widened contact region.
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Although the beam 315 undergoes multiple changes in width between the tab and
the neck portion, these changes may not have significant impact on electrical properties
(e.g., impedance) of the beam 315 because they take place over a distance d that may be
small relative to a wavelength A associated with a signal frequency of interest. For
example, the beam 315 may be part of a conductive element configured as a signal
conductor for carrying signals in a frequency range between 1GHz — 25GHz, and the
associated range of wavelengths may be 12mm to 300mm. Though, in some
embodiments, the operating frequency of high frequency signals will be in the range of
3GHz to 8GHz, and the associated range of wavelengths may be 37.5mm to 100mm. If
the distance d between the tab and the neck portion is no more than half of the wavelength
A, for example, no more than 18mm, then the changes in width may not have any
significant impact on the impedance of the beam 315. Accordingly, in some
embodiments, the distance d may be between 0.2mm and 2mm, or between 0.2mm and
Imm, or between 0.2mm and 0.5mm, so as reduce any change in impedance of the beam
315. As a more specific example, the distance d may be around 4.2mm or 4.3mm.

FIG. 3D is a cross sectional view through a portion of a wafer 300. In the view
illustrated in FIG. 3D, intermediate portions of the conducted elements within the wafer
300 are visible. The portion of wafer 300 illustrated in FIG. 3D contains intermediate
portions of two pairs of signal conductors, shown as intermediate portions 392A and
394A, forming a first pair, and intermediate portions 392B and 394B forming a second
pair.

Also visible in FIG. 3D are intermediate portions of ground conductors. Here,
intermediate portions 390A, 390B, and 390C are shown. As can be seen, the intermediate
portions of the ground conductors are wider than the intermediate portions of the signal
conductors. As shown, intermediate portions of the ground conductors generally span the
distance between adjacent pairs of signal conductors within a column. As a specific
example, FIG. 3D shows intermediate portion 390B generally spanning the distance
between intermediate portions 392B and intermediate portion 394A, which are signal
conductors of adjacent pairs.

The widths of conductor intermediate portions (e.g., the intermediate portions
390A-C, 392A-B, and 394A-B) may be varied to achieved desired spacing between
adjacent intermediate portions. For example, in some embodiments, a desired distance

between intermediate portions of signal conductors (e.g., D3 as shown in FIG. 3D) may be
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about 0.25mm for an 85Q connector and about 0.35mm for a 100Q connector. Similarly,
in some embodiments, a desired distance between intermediate portions of a signal
conductor and a ground conductor (e.g., D4 as shown in FIG. 3D) may be about 0.37mm
for an 85Q connector and about 0.45mm for a 100Q connector. Such changes in spacing
between adjacent intermediate portions may be done without varying the spacing between
external features such as the contact tails 396A-1. For example, in some embodiments, a
distance between contact tails of a ground conductor (e.g., Ds as shown in FIG. 3D) may
be about 2.3mm, while a distance between contact tails of adjacent conductors in a group
of four conductors having a ground-signal-signal-ground pattern (e.g., Ds as shown in
FIG. 3D) may be about 1.15mm, regardless of the spacing between adjacent intermediate
portions of the same conductors. This may facilitate attachment to PCBs without
requiring changes to mating interfaces on the PCBs.

In the example illustrated, intermediate portion 390C is approximately half the
width of intermediate portion 390B. Intermediate portion 390C is at the end of the column
of conductive elements within wafer 300. In embodiments in which wafer 300 includes
only two pairs of signal conductors, intermediate portion 390A may form the opposing
end of the column. In embodiments in which additional pairs of conductive elements are
included in wafer 300, intermediate portion 390A may be shaped like intermediate portion
390B, and a further pair, having a configuration such as intermediate portions 392A and
394A, may be positioned adjacent intermediate portion 390A. Accordingly, though figure
3D illustrates only a portion of a column of conductive elements that may be formed
within a wafer, the wafer may be extended to include any suitable number of columns by
including further conductive elements in the pattern illustrated in FIG. 3D.

FIG. 3D illustrates other construction techniques that may be employed in some
embodiments of a wafer. As can be seen, holes 365 are formed through intermediate
portions of ground conductors, such as intermediate portions 390A and 390B. Further,
contact tails, such as contact tails 396A, 396B, ... 3961 are shown extending from the
intermediate portions of the conductive elements. Attachment locations for solder balls
are shown in phantom upon contact tails 396A ... 3961. Further, a projecting portion 395
of a wafer 300 is shown engaging a feature (e.g., a shoulder) in shell 115. Such a feature
may establish a position of the wafer, which in turn may establish a position of the contact

tails and solder balls relative to the shell 115. Such a feature may be included for each
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wafer, resulting in the solder balls attached to all of the wafers being positioned in a
common place.

FIG. 4A is a perspective view of an illustrative connector 400, in accordance with
some embodiments of the present disclosure. Like the connector 100A shown in FIG. 1A,
the connector 400 may be suitable for use in an interconnection system with a two-piece
connector.

In FIG. 4A, the connector 400 is shown from a direction of a mating face adapted
to mate with the other connector in the two-piece connector. In this example, the
connector 400 has a housing made of two separable pieces, a rectangular tube-like shell
405 having parallel grooves formed on the inside of two opposing sidewalls for receiving
a plurality of wafers, and a slotted cover (not shown) that partially encloses the shell at the
mating face of the connector 400. The slotted cover 420 is shown in FIG. 4C and
described in greater detail below. Alternatively, FIG. 4A may depict an embodiment in
which no cover is used on the mating face of the connector 400.

In the example shown in FIG. 4A, a plurality of wafers are aligned in parallel in
the shell 405, including a wafer formed by wafer halves 410X and 410Y. The shell 405
has parallel opposing sides with grooves formed on the inside walls, such as groove 415.
The wafers may be inserted into the grooves and secured, for example, using a rigid
attachment mechanism such that the wafers themselves become support members for the
shell. Such an attachment may include adhesives, welding, and/or any other suitable
attachment mechanisms. Some attachment mechanisms, such as adhesives, may
completely prevent vertical movement of an attached wafer (e.g., up and down along a
groove). Other attachment mechanisms may allow a restricted amount of vertical
movement along the groove, but may prevent the attached wafer from sliding completely
out of the groove. An example of this latter type of attachment mechanism is described
below in connections with FIGs. 5A-B.

FIG. 4B shows a cross-sectional view of a portion of the connector 400 taken along
a plane that is parallel to the mating face of the connector 400 and perpendicular to the
grooves formed on the side walls of the shell 405. Partial cross-sections of three wafers
are shown in this view, including the wafer formed by the wafer halves 410X and 410Y.
Each wafer has a dove-tail projection at an end, adapted to be inserted into a groove of the
shell 405. Each groove also has a dove-tail shape, conforming to the shape of a wafer end.

This configuration may substantially prevent lateral and rotational movement of a wafer
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inserted into a groove, thereby providing a relatively rigid attachment between the inserted
wafer and the shell 405.

In this example, the wafer halves 410X and 410Y are shaped to provide a gap 430
between the projections of the wafer halves and a floor of groove 415. Such a gap may
provide a suitable amount of clearance to facilitate insertion of the projections into the
groove 415 during an assembly process. The wafer halves 410X and 410Y may be further
shaped to provide another gap 435 between the projections of the wafer halves, which may
help to ensure that the projections of the wafer halves will fit into the groove 415 despite
manufacturing variances in the wafer halves and/or the shell 405. Furthermore, the fit
between the projections of wafer halves and sidewalls of a groove (e.g., as indicated by a
dashed oval 440 in FIG. 4B) may be relatively snug, which may serve as a locating feature
to facilitate proper alignment of the wafers inserted into the shell 405.

Although dove-tail shaped wafer projections and grooves may provide some
mechanical advantages as discussed above, it should be appreciated that the present
disclosure does not require the use of dove-tail shaped wafer projections and grooves.
Other suitable attachment mechanisms, such as conventional straight-sided wafer
projections and grooves, may also be used.

FIG. 4C is a cross section through the connector 400 shown in FIG. 4A. However,
the embodiment of FIG. 4C includes an illustrative cover 420 that engages the shell 405
and partially encloses the mating face of the connector 400. The cover 420 includes slots,
such as slot 425, through which wafers of a corresponding connector may be inserted to
mate with wafers of the connector 400.

In the example shown in FIG. 4C, beam-shaped mating contact portions from each
wafer half of a same wafer are positioned along opposite sides of a same slot formed in the
cover 420, so that tabs extending from the beam-shaped mating contact portions of each
wafer half engage a recess along a corresponding edge of the slot. For example, tabs
extending from beams of the wafer half 410X engage a recess along one side of slot 425,
while tabs extending from beams of the wafer half 410Y engage a recess along the
opposite side of the slot 425. This configuration allows the beams to be shaped so that
spring force in the beam biases the beams on opposing sides of a slot together, while
preventing distal ends of the beams from extending into the slot 425. Accordingly, such a
configuration reduces a likelihood that a beam may be damaged (e.g., stubbed) upon

insertion of a wafer of a corresponding connector into the slot 425. In some embodiments,
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the beams may formed so as not to be biased into the slot 425. However, such spring bias
may improve mechanical and/or electrical connections between the beams and
corresponding pad-shaped mating contact portions of the wafer inserted into the slot 425.

FIG. 4C also reveals an illustrative manufacturing approach. The wafers illustrated
may be inserted into the shell 405 with sufficient force that the tabs of a wafer half engage
with a corresponding recess along an edge of a corresponding slot. Each wafer may be
inserted to a point that contact tails of the installed wafers are aligned substantially on a
same plane. Each wafer may then be secured in this position using any suitable fastening
technique. In this way, the contact tails of the installed wafers will collectively form an
array that is planar and parallel to an attachment face of the connector 400 (e.g., within
limits of manufacturing tolerances). Such a construction technique may improve planarity
of the contact tail array, which may in turn improve reliability of electrical connections
formed when the connector 400 is soldered onto a PCB.

While various advantages of the embodiment illustrated in FIG. 4C are described
above, it should be appreciated that the various inventive concepts disclosed herein are not
limited to any particular manner of implementation. For example, the connector 400 may
be made with or without the slotted cover 420, or with another cover that is differently
shaped.

The inventors have recognized and appreciated that, in some applications, it may
be desirable to omit selected wafers from a shell. For instance, in some embodiments, one
or more wafers in a connector may be used to carry power. A wafer carrying power may
have fewer, but wider conductive elements than a wafer with signal conductors as
described above. Additionally, a wafer carrying power may have no lossy insert captured
between the wafer halves, and each wafer half may carry electrical currents of about 1A to
2A per termination. For instance, in the example of FIG. 3A, the wafer half 300 includes
13 terminations and therefore may be suitable for carrying a current of about 13A. When
a wafer is used to carry power at a sufficiently high voltage (e.g., higher than 38V or, more
specifically, 48V), it may be desirable to provide additional space between waters for
electrical clearance. For example, it may be desirable not to have any other wafer installed
immediately adjacent to a wafer carrying power.

The inventors have further recognized and appreciated that a support member, such
as a "dummy" wafer, may be installed in a shell where a "real" wafer having conductive

elements is omitted (e.g., to provide electrical clearance for a wafer carrying power). Such
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a dummy wafer may be made of an insulative material (e.g., molded plastic) and may have
similar shapes, dimensions, and/or attachment features as a real wafer (e.g., dovetail pieces
at either end for insertion into grooves formed in a shell). As explained below in
connection with FIG. 4D, the presence of such a dummy wafer may improve structural
integrity of a shell in which one or more real wafers are omitted.

FIG. 4D is a schematic view of an enlarged cross section at an area 4D, as
indicated in FIG. 4C. This view shows watfer halves 412X and 412Y, which together form
a wafer, and wafer halves 414X and 414Y, which together form another wafer installed
adjacent to the wafer half 412Y. This view also shows recesses 452Y, 454X, 454Y, and
456X formed in the cover 420, with a slot 429 formed between the recesses 454X and
454Y.

In the example shown in FIG. 4D, tabs extending from beams of the wafer halves
412Y and 414X are inserted into, respectively, the recesses 452Y and 454X. As discussed
above in connection with FIG. 4C, each beam may be shaped so as to exert a spring force
on a wall of the recess into which the beam is inserted. Thus, the beams of the wafer
halves 412Y and 414X may exert spring forces on a portion 460 of the cover 420 in which
the recesses 452Y and 454X are formed, with the beams of the wafer half 412Y pulling in
one direction and the beams of the wafer half 414X pulling in the opposite direction. As a
result, the spring forces generated by the beams of the wafer halves 412Y and 414X may
cancel each other.

Similarly, in the example shown in FIG. 4D, tabs extending from beams of the
wafer half 414Y are inserted into the recess 454Y. However, because no wafer is installed
adjacent to the wafer half 414Y, no tabs are inserted into the recess 456X, so that the
beams of the wafer half 414Y may exert spring forces on a portion 462 of the cover 420 in
which the recesses 454Y and 456X are formed, without any counteracting forces in the
other direction. Such imbalance may cause the portion 462 to bend, which may interfere
with a wafer of a corresponding connector being inserted into the slot 429.

Accordingly, in some embodiments, a support member, such as a dummy wafer,
may be inserted into the shell 405 at a location where a real wafer having conductive
elements is not inserted. One such embodiment is illustrated in FIG. 4E, which shows the
same view as FIG. 4D, with the addition of a dummy wafer 470 installed adjacent to the
wafer half 414Y. In this example, the dummy wafer 470 has one or more tabs 470X
adapted to be inserted into the recess 456X of the portion 462 of the cover 420. Once
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inserted into the recess 456X. the tabs 470X may provide forces that cancel out the spring
forces generated by the beams of the wafer half 414Y, thereby preventing the portion 462
from bending into the slot 429. The dummy wafer may additionally include tabs 470
adapted to be inserted into a recess formed in another portion of the cover 420 (not shown)
to prevent that other portion from bending.

In this example, each dummy wafer may be molded from an insulative material,
such as a material used to form a housing of the connector. The dummy wafer may have a
width and an outer envelope matching a signal or power wafer, but need not contain any
conductive elements. It should be appreciated that any suitable number of support
members may be used in a connector, as aspects of the present disclosure are not limited in
this respect. For instance, a support member may be used at every location where a real
wafer is not inserted. Alternatively, support members may be used only at some, but not
all, of the locations at which real wafers are not inserted. Further still, while support
members may be beneficial, aspects of the present application are not limited to using any
support members at all.

FIG. 5A is a perspective view of an illustrative connector 500, in accordance with
some embodiments of the present disclosure. Similar to the connector 100B shown in
FIG. 1B, the connector 500 may be suitable for use as a portion of a two-piece connector
in an electrical interconnection system.

FIG. 5A shows the connector 500 from a direction of an attachment face adapted
for mounting onto a PCB. Though, in the embodiment illustrated in FIG. SA, solder balls
have not yet been attached to the contact tails. In this example, the connector 500 includes
a plurality of wafers installed in a connector shell 505. The connector shell 505 has
parallel grooves formed on the inside of two opposing sidewalls for receiving the plurality
of wafers, although in FIG. 5A the grooves are obscured from view by the installed
wafers. A plurality of cap portions, such as cap portions 515, 520, 525, and 530, are
formed above the grooves on the sidewalls of the shell 505 to at least partially close or seal
the openings of the grooves. In this configuration, the cap portions may prevent the
installed wafers from sliding out of the grooves.

FIG. 5B illustrates a partial cross section of the connector 500 taken vertically
along the line L1-L2. In this view, three grooves 535, 540, and 545 formed on the
sidewalls of the shell 505 can be seen. Each groove has a protruding portion of a wafer

inserted therein. For example, a wafer formed by wafer halves 510X and 510Y is shown
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to have protruding portions 550X and 550Y inserted into the groove 535. The protruding
portions 550X and 5507, for example, may be shaped like protruding portions 250X and
250Y illustrated in FIG. 2A, but a wafer may include protruding portions of any suitable
shape. In the example shown in FIG. 5B, the grooves 535, 540, and 545 may be separated
by protruding ribs formed on the sidewalls of the shell 505. Each separating rib may be
wider near the base and narrower at an intermediate portion, forming a shoulder portion
(e.g., a shoulder 560 shown in FIG. 5B) upon which an inserted protruding portion of a
wafer half may rest. Each separating rib may also have a cap portion formed at the top
(e.g., the cap portions 515, 520, 525, and 530). Because the cap portions 515, 520, 525,
and 530 are wider than the separating ribs, they extend into the opening of the grooves
535, 540, and 545, thereby preventing the inserted wafers from sliding up along the
grooves 535, 540, and 545. Such shoulder and cap portions may serve as locating features
to facilitate proper vertical alignment of wafers inserted into the shell 505.

In some embodiments, the cap portions 515, 520, 525, and 530 may be formed by
deforming portions of the separating ribs. For example, as shown in phantom in FIG. 5B,
the separating ribs may be initially formed to extend further upward towards an edge of
the shell 505. These upward extensions 515°, 520°, 525°, and 530° may provide extra
material near the openings of the grooves 535, 540, and 545. Once the wafers are inserted
into the groove 535, 540, and 545, the extra material of the upward extensions 515°, 5207,
525, and 530’ may be deformed into the cap portions 515, 520, 525, and 530 to at least
partially seal the openings, thereby holding the wafers in place. Deformation of the
upward extensions 515°, 520°, 525°, and 530° may by achieved in any suitable way, such
as using a heated tool to soften thermoplastic material used to form the shell 505.

In the example shown in FIG. 5B, the cap portions 515, 520, 525, and 530 hold the
wafers firmly in place, with no room for vertical movement. In practice, some small
amount of vertical space may remain in one or more grooves due to manufacturing
variances. In alternative embodiments, the cap portions 515, 520, 525, and 530 may be
formed in such a way as to leave some desirable amount of vertical space in each groove
to allow an installed wafer to slide up and down in a constrained fashion. This may allow
the wafers to self-align when positioned for mounting on a surface of a PCB. For
example, each wafer may move vertically independently of other wafers so that contact
tails of the installed wafers collectively form an array that conforms to a contour of the

surface of the PCB (which may be substantially planar), thereby improving reliability of
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electrical connections formed when the connector 500 is soldered onto the surface of the
PCB.

FIG. 6A is a perspective view of an illustrative wafer 600 that may be used in a
connector of a two-piece electrical connector, in accordance with some embodiments of
the present disclosure. For example, the wafer 600 may be used in the connector 100B
shown in FIG. 1B and the connector 500 shown in FIG. 5B. The wafer 600 may be
constructed using techniques described above in connection with the wafer 200 of FIG.
2A. However, in this case, mating contact portions of conductive elements are shaped as
pads, rather than beams. Accordingly, in the embodiment illustrated FIG. 6A, an
insulative portion 610X of a wafer half 600X may be more expansive than the insulative
portion 210X of the wafer half 200X shown in FIG. 2A, so that the pads are at least
partially embedded in the insulative portion 610X. This configuration may provide
structural support to the pads so that the pads are substantially non-yielding.

In the example shown in FIG. 6A, the pads of the wafer half 600X are designed to
be complementary to the beams of the wafer half 200X shown in FIG. 2A. For example,
the pads of the wafer half 610X are arranged in three groups, corresponding respectively
to the three groups of beams of the wafer half 200X. As a more specific example, pads
625X, 630X, 635X, and 640X are arranged in one group, and are configured to align,
respectively, with the beams 225X, 230X, 235X, and 240X shown in FIG. 2A when the
two corresponding connectors are mated with each other.

The conductive pads may server as mating contact portions of conductive elements
that pass through insulative portion 610X and terminate in contact tails. In the example
shown in FIG. 6A, the conductive elements associated with the pads 630X and 635X may
be configured for use as signal conductors, while the conductive elements associated with
the pads 625X and 640X may be configured for use as ground conductors. Within
insulative portion 610X, the conductive elements may be shaped similar to those in wafer
300, as illustrated in FIG. 3D. As described above, the conductive elements designated as
ground conductors are wider than conductive elements designated to carry high speed
signals.

The relative widths of the signal and ground conductors may be carried through to
the mating contact portions. Accordingly, the pads 625X and 640X are wider than the
pads 630X and 635X, which may improve electrical and/or mechanical properties of the

two-piece connector. The wider ground conductors may provide improved electrical
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properties by shielding signal conductors in an adjacent wafer. Wafer 600Y, though it
may have an identical construction to wafer 600X, is flipped relative to wafer 600X when
the wafers are attached. As aresult, a pad shaped like pad 640X in wafer 600Y will align
with a each pair of signal conductors, such as signal conductors 630X and 635X, or 645X
and 650X.

The shape of the mating contact portions of wafer 600X, in combination with the
shape of mating contact portions of a complementary wafer to be mated to wafer 600X,
may also provide float. As explained in greater detail below in connection with FIGs. 7A-
B, by providing “float” between corresponding mating contact portions allows the mating
contact portions to make suitable electrical connections despite a small amount of lateral
misalignment in the centerlines of the mating contact portions.

In the example shown in FIG. 6A, the pad 640X may be substantially wider than
the other pads and may span the space between adjacent pairs of conductive elements
configured as signals conductors (i.e., between the pair 630X and 635X and the pair 645X
and 650X). Thus, the pad 640X may serve as a common ground conductor shared by
adjacent groups of conductors. However, it should be appreciated that the present
disclosure does not require the use of shared ground conductors. In alternative
embodiments, separate ground conductors may be used for each group of conductors.
Separating the ground conductors, for example, may allow the ground conductors to be
connected to conductive elements at different voltage levels. As a specific example, in
some embodiments, separate ground conductors may be connected to different DC power
supplies or to a DC power supply and a source of a low frequency signal. Either a DC
power supply or a low frequency signal source may act as an AC ground in some systems.
However, the specific levels to which ground conductors are connected in a system are not
critical to the invention. Connectors, constructed as described herein, may be used in an
electronic assembly in any suitable way.

FIG. 6B is an exploded view of the illustrative wafer 600 shown in FIG. 6A. In
this view, the wafer 600 can be seen to include two wafer halves 600X and 600Y and an
elongated lossy member 670 disposed therebetween. The wafer 600 may be manufactured
using techniques described above in connection with the wafer 200 illustrated in FIG. 2A,
including, but not limited to, the use of identical wafer halves and capturing the lossy

member 670 between the wafer halves.
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FIGs. 7A-B show partial cross sections (at different magnifications) of a mating
interface of an illustrative two-piece connector, with the two component connectors fully
mated with each other, in accordance with some embodiments of the present disclosure.
These cross sections are taken along a plane parallel to the mating faces of the component
connectors and perpendicular to the lengths of the conductive elements in the component
connectors.

FIG. 7A shows cross sections of at least three wafers 705, 710, and 715. The
wafer 705 may be of the same type as the wafer 600 shown in FIG. 6A, and may include
pad-shaped mating contact portions. The wafers 710 and 715 may be of the same type as
the wafer 200 shown in FIG. 2A, and may include beam-shaped mating contact portions.
In the example shown in FIG. 7A, the pads of one wafer half of the wafer 705 are aligned
with the beams of one wafer half of the wafer 710, while the pads of the other wafer half
of the wafer 705 are aligned with the beams of one wafer half of the wafer 715.

FIG. 7B shows an enlarged cross section at an area 7B, as indicated in FIG. 7A.
Visible in this view are beams B-G1, B-S1, B-S2, and B-G2 of the wafer 710, aligned
respectively with pads P-G1, P-S1, P-S2, and P-G2 of the wafer 705. Also visible are
pads P-S3 and P-S4 of the wafer 705, aligned respectively with beams B-S3 and B-S4 of
the wafer 715. Pad P-G3 of the wafer 705 spans a substantial portion of the space between
the pads P-S3 and P-S4 and is aligned with both beams B-G3 and B-G4 of the wafer 715.
As the labels suggest, the beams B-S1, B-S2, B-S3, and B-S4 and the pads P-S1, P-S2, P-
S3 and P-S4 may be associated with conductive elements designated as signal conductors,
while the beams B-G1, B-G2, B-G3, and B-G4 and the pads P-G1, P-G2, and P-G3 may
be associated with conductive elements designated as ground conductors.

In the example shown in FIG. 7B, the pad P-G3 is relatively wide (e.g., wider than
the pads P-S3 and P-S4), so that the corresponding beams B-G3 and B-G4 may slide side
to side slightly relative to the pad P-G3 while maintaining sufficient electrical connections.
Similarly, the beam B-S3 is relatively wide (e.g., wider than the beams B-G3 and B-G4),
so that the corresponding pad P-S3 may slide side to side slightly relative to the beam B-
S3 while maintaining sufficient electrical connection. However, note that ground
conductors and signal conductors have reversed the relative dimensions: ground
conductors have wider pads and narrower beams, while signal conductors have wider

beams and narrower pads.

38



10

15

20

25

30

WO 2012/106554 PCT/US2012/023689

In FIG. 7B, the beams and pads are shown with their center-lines aligned. A good
electrical connection between each beam and a respective mating pad when the center
lines of the beams and pads are aligned. However, perfect alignment requires tight
manufacturing tolerances on all components of the connector. Because relying on tight
manufacturing tolerances can increase the cost of manufacture and increase the risk of
faulty parts if those tolerances are not achieved, a connector may be designed with float to
allow appropriate mating even if the center lines of the beams and pads are not aligned.
Conventionally, float has been achieved by making pads wider than the contact points of
beams designed to mate with them.

To provide greater signal density, not all of the pads are wider than the beams.
Yet, in accordance with some embodiments, float is nonetheless provided by varying
relative sizes of the pads and contact regions of the beams that mate to them. Though the
ground pads are wider than the contact regions of the beams that mate to them, in the
embodiment illustrated in FIG. 7B, the signal pads are narrower than the contact regions
of the beams of the signal conductors. Float is provided in the illustrated embodiment by
making the contact regions of the beams of the signal conductors wider than the contact
regions on the beams of the ground conductors.

FIG. 7B illustrates wafers that are in the designed, or nominal positions. In the
nominal positions, all of the beams and pads are aligned. The amount of lateral
displacement from this nominal position that can be tolerated with the corresponding
mating contact portions still making suitable electrical contact represents the float of the
electrical connector. For example, beam B-G1 has a nominal position relative to its
corresponding pad P-G1 such that a distance between centerline CL1 of beam B-G1 and
an edge of pad P-G1 is F1. This distance represents the float for beam B-G1 along the
direction indicated by an arrow D shown in FIG. 7B. That is, the beam B-G1 can shift
from its nominal position by an amount F1 in the direction D and still make good
electrical contact with the pad P-G1. For other mating contacts of ground conductors, the
ground pads are similarly wider, and extend beyond the nominal mating point to provide a
comparable degree of float.

For the signal conductors, the pads are not substantially wider than the contact
regions of the beams. As can be seen for example, pad P-S2 is not wider than the contact
region of beam B-S2. To the contrary, in the embodiment illustrated, the pads are

narrower than the contact regions of the beams of the signal conductors. As illustrate in
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FIG. 3C and FIG. 7B, the width w, of the contact regions of the beams is wider than the
pads. As aresult, the beams can be misaligned relative to their nominal positions and still
make suitable electrical contact.

For example, beam B-S2 is shown in it nominal position aligned on the centerline
CL2 of pad P-S2. Because of the additional width of the contract region of beam B-S2, it
can float by an amount F2 along the direction D and still make acceptable electrical
connection to the pad.

Overall for the connector, the float along the direction D may be set by the smaller
of F1 and F2. The float along the opposite direction D’ may similarly be set by the
distances F3 and F4 shown in FIG. 7B. Accordingly, in some embodiments, the
conductive elements may be shaped such that F1, F2, F3, and F4 match (e.g., are
approximately equal). Such a design may provide a suitable degree of float while
allowing for an increased density of the conductive elements. For example, pads P-S1 and
P-S2 may be spaced closer to each other and closer to adjacent ground pads P-G1 and
P-G2 than if those pads were widened to provide an amount of float equal to FI1.

In addition to providing float, beams associated with signal conductors (e.g., the
beams B-S1, B-S2, B-S3, and B-S4) may be made wider to control the spacing between a
pair of beams configured to carry a differential signal (e.g., the beams B-S1 and B-S2).
For example, as discussed above in connection with FIG. 3A, the distance between the
inner edges of the beams B-S1 and B-S2 may impact the impedance of the differential
signal conducting path formed by the beams B-S1 and B-S2, which may in turn impact
signal quality.

FIG. 8A is an exploded view of an illustrative wafer 800 that may be used in a
connector of a two-piece electrical connector, in accordance with some embodiments of
the present disclosure. The wafer 800 may be of a same type as the wafer 600 shown in
FIG. 6A, and may be used in the connector 100B shown in FIG. 1B and the connector 500
shown in FIG. 5A.

In the example shown in FIG. 8A, the wafer 800 can be seen to include two wafer
halves 800X and 800Y and a lossy member 870 disposed therebetween. The lossy
member 8§70 is elongated in a direction parallel to columns of conductive elements at least
partially embedded in the wafer halves 800X and 800Y. In the embodiment shown in
FIG. 8A, the lossy member 870 extends substantially from one end of the wafer 800 to the

other, though that is not a requirement. The lossy member may, in alternative
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embodiments, extend along only a portion of the wafer 800, for example, adjacent one or
more groups, but not all, of conductive elements.

The wafer 800 may be manufactured using techniques described above in
connection with the wafer 200 illustrated in FIG. 2A, including, but not limited to, the use
of identical wafer halves and capturing the lossy member 870 between the wafer halves.

The wafer 800 may differ from the wafer 600 in height. For example, the wafer
800 may be taller than the wafer 600 shown in FIG. 6A, so that the lossy member 870 is
disposed along only a portion of the height of the wafer 800. (Alternatively, the wafers
800 and 600 may have similar heights, but the lossy member 870 disposed in the wafer
800 may be narrower than the lossy member 670 disposed in the wafer 600.)

FIG. 8B shows a perspective view of the wafer half 800Y, with the lossy member
870 disposed thereon. The lossy member 8§70 has a width measured in a direction parallel
to the direction in which conductive elements extend. In this example, the width is such
that the lossy member extends only partially along the length of intermediate portions of
the conductive elements that are within an insulative portion 8§10 of the water half §00Y.
A percentage of the length of the intermediate portions spanned by the lossy member 870
may depend on the height of the wafer 800 and/or an overall height of the two-piece
electrical connector in which the wafer 800 is intended to be used. Such a percentage is
not critical to practicing the various inventive concepts disclosed herein. In some
embodiments, the lossy member 870 may have a width on the order of a few millimeters,
such as between 1 and 2 mm, between 2 and 5 mm, or between 5 and 10 mm. However,
the width may also be less than any of these dimensions. Alternatively, the width may be
greater than these dimensions, such as on the order of 20 to 25 mm, or 25 to 30 mm.

In various embodiments, the lossy member 8§70 may be positioned at any suitable
place along the length of the intermediate portions of the conductive elements of the wafer
half 800Y. For example, the lossy member 870 may be adjacent contact tails of the
conductive elements or, alternatively, adjacent mating contact portions of the conductive
elements. In some other embodiments, the lossy member may be positioned
approximately midway along the length of the conductive elements. In yet some other
embodiments, more than one lossy member may be present, for example, lossy members
may be disposed in parallel at different locations along the length of the intermediate

portions of the conductive elements of the water half 800Y.

41



10

15

20

25

30

WO 2012/106554 PCT/US2012/023689

In the example shown in FIG. 8B, the insulative portion 810 of the wafer half
800Y may have raised portions 820, 825, 830, and 835. These raised portions may be
shaped and arranged to form a channel extending in a direction perpendicular to the
direction in which conductive elements extend. The channel may be of a size (e.g., width)
suitable for receiving the lossy member 870. For instance, in the example shown in FIG.
8, a distance between the raised portions 825 and 830 may be similar to the width of the
lossy member 870, so that the lossy member fits snugly into the channel. In alternative
embodiments, the distance between the raised portions 825 and 830 may be larger than the
width of the lossy member 8§70, so that the lossy member may slide up and down (i.e.,
along the direction in which conductive elements extend) within the channel. Other
mechanisms may also be used to attach the lossy member 870 to a wafer half, in addition
to, or instead of, forming a channel on the inner surface of the wafer half.

FIG. 9A illustrates a footprint for attachment of a connector to a printed circuit
board. Footprint 910 represents conductive pads that may be formed on a surface of a
printed circuit board in a pattern that will align pads with solder balls attached to contact
tails of a connector assembled as described above. Footprint 910 may be used with a
connector assembled from wafers having beams, such as is illustrated in FIG. 2A, or a
connector assembled from wafers having pads, such as is illustrated in FIG. 6A.

In the embodiment illustrated, footprint 910 contains multiple columns of pads,
such as column 920A. In this embodiment, each of the columns contains the same
arrangement of pads. The pads in each of the columns, such as column 920A, are
positioned to align with contact tails from a wafer that is assembled into a connector.

Within each of the columns, the pads have different shapes and orientations. These
shapes and orientations may provide a high density, mechanically robust footprint that
provides good signal integrity and facilitates routing of signals to the pads in the footprint
such that the overall cost of manufacturing an electronic assembly may be reduced.

Each of the pads in footprint 910 has at least one via. The vias serve to make
electrical connections between the pads, which are formed on a surface of an electronic
assembly, and conductive structures within the electronic assembly. For example,
footprint 910 may be formed on the surface of a printed circuit board, using known printed
circuit board manufacturing techniques. Within the printed circuit board, conductive
structures form signal traces and ground planes. Vias through the pads of footprint 910

may connect each pad to such a conductive structure within the printed circuit board.
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In the embodiment shown in FIG. 9A, a characteristic of footprint 910 is that the
vias of pads within each column may be aligned along the column. For example, in
column 920B, the vias of the pads forming the column are aligned generally along line
930. The vias of the other columns are, in the embodiment illustrated, similarly aligned.
As aresult, area between the columns is generally free of vias and may be used as a
routing channel. In FIG. 9A, routing channel 940 is illustrated between columns 920C and
920D. In various embodiments, the width of the routing channel 940 may be between
0.5mm and 3mm, or between 0.8mm and 2mm, or between Imm and 1.5mm.

Because the routing channel 940 is generally free of vias, within the printed circuit
board or other substrate on which footprint 910 is formed, conductive traces may be routed
in routing channel 940. In contrast, if vias past through routing channel 940, those vias
would either block the routing of traces within that region or reduce the density with
which traces could be routed in that region by requiring the traces to be routed in such a
way that a sufficient clearance around any via was provided.

Accordingly, in the illustrative embodiment, the routing channels 940 provide a
mechanism by which signal traces may be readily routed in regions of the printed circuit
board that underlie footprint 910. In this way, traces may be routed to the vias attached to
the pads, even at the very center of footprint 910. Routing traces to make connections to
internal pads of a footprint can sometimes undesirably increase the cost of an electronic
assembly incorporating high density components. The increased cost, for example, results
from an increase in the number of layers of a printed circuit board or other substrate on
which the footprint is formed. Providing routing channels 940 may reduce the need for
such additional layers, thereby reducing cost.

The pads in each of the columns may have different shapes, depending on their
intended role. For example, in FIG. 9A, pad 950A is designated as a ground pad. A
ground pad, in the embodiment illustrated, is shaped for connection to contact tails, which
may be associated with two different conductive elements within a connector or other
component. In an embodiment in which contact tails are attached to a printed circuit
board through the use of solder ball, a pad 950 may contain two solder attachment regions,
such as solder attachment regions 960A and 960B. In footprint 910, solder attachment
regions 960A and 960B are generally circular, facilitating solder ball attachment.
However, it should be appreciated that, in other embodiments, solder attachment regions

may have other shapes.
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FIG. 9A illustrates that each of the columns also includes pads for attachment to a
signal conductor. For example, pad 952A may serve as a point of attachment for a contact
tail from a signal conductor within a connector or other component. Each of the signal
contact pads may similarly include a solder attachment region, such as solder attachment
region 960C. In this example, solder attachment region 960C is shaped generally the same
as solder attachment regions 960A and 960B for a ground pad. Though, signal pad 952A
contains a single solder attachment region.

Each of the pads may include one or more vias. In the embodiment illustrated,
each of the ground pads contains two vias, such as vias 970A and 970B in a via region of
the ground pad. A signal pad contains one via, in the embodiment illustrated, such as via
970C in a via region of a signal pad.

Each of the columns may have a repeating pattern of ground pads and signal pads.
For example, in column 920E, a pair of signal pads 952A and 952B are positioned
adjacent ground pad 950A. A further ground pad 950B is also included in the column,
such that signal pads 952A and 952B are between ground pads 950A and 950B. A further
pair of signal pads 954 A and 954B are adjacent ground pad 950B. This pattern of two
ground pads and two pairs of signal pads is then repeated along the length of the column.
As can be seen in FIG. 9A, though each of the ground pads and each of the signal pads is
generally of the same shape, the pads are melted with different orientations, which
provides a high density footprint with good signal integrity.

As shown in FIG. 9A, different orientations of the pads are used to provide solder
attachment regions on different sides of the column. For example, it can be seen along
column 920B, for example, that a first portion of the solder attachment regions of the pads
in that column are positioned on a first side 932; of the column. A second portion of the
solder attachment regions are on the second side 932, of the column. This positioning of
the pads allows contact tails from two wafer halves to be attached to pads in the same
column. In some embodiments, those wafer halves may be wafer halves of a common
wafer. In other embodiments, the wafer halves attached to pads in the same column may
be wafer halves from adjacent wafers in a connector.

The orientations of the conductive pads along a column may also facilitate a high
density of pads along a column. Each of the pads is angled with respect to the centerline
of the column, and different pads in a repeating segment of the column may have different

angles.
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FIG. 9B shows a portion of a column 920 of pads, in accordance with some
embodiments. In this embodiment, a first ground pad 958, in column 920 includes solder
attachment regions 960A1 and 960B1. The solder attachment regions 960A1 and 960B1
are on opposite ends of the pad along an axis 980;. The pad 958, is angled with respect to
the column 920 such that the axis 980; makes an angle plus alpha with a normal to the
column. The second pad 958, has an axis 980, with a solder attachment region 960C1 on
one side of the pad and a via region 962 on the other side of the pad in a direction along
axis 980,. Axis 980, is angled, relative to a normal of the column 920 at an angle plus
beta.

Pad 9585 is also angled with respect to the column 920. In this example, pad 958
has a solder attachment region 960C2 and a via area 962, on opposing ends of the pad
along an axis 9803. The axis 9805 is angled with respect to a normal to the column 920 at
an angle minus beta. In this example, pads 958, and 9585 are angled by the same amount
but in different directions.

The fourth pad in the column, pad 9584, includes an axis 9804. Solder attachment
regions 960A2 and 960B2 are on opposing ends of the pad along axis 9804. Axis 980, is
angled with respect to a centerline of column 920 by an angle minus alpha. In this
example, pad 958, is angled by the same amount as pad 958,. However, pad 958, is
angled in the opposite direction from pad 958,. In this example, the angling of the pads
958, ... 958, is selected to uniformly space the solder attachment regions 960B1, 960C1,
960C2 and 960B2. Though, it should be appreciated that any suitable dimensions may be
used in forming a connector footprint.

A fifth pad, pad 9585, in the series that is repeated to form column 920 is also
angled with respect to the column. In this case, the pad 9585 has a solder attachment
region 960C3 on an opposite side of column 920 from solder attachment regions 960B1,
960C1, 960C2 and 960B2. Though, pad 9805 similarly has an axis 9805 with a solder
attachment region 960C3 and a via area 9623 on opposing ends of the pad along axis 980s.
Pad 9585 may be angled with respect to column 920 such that axis 9805 makes an angle of
plus beta with respect to a normal to column 920. In this example, the angle of axis 9805
may be the same as the angle of axis 980,. However, the angle of axis 9805 is measured
relative to a normal on the opposite side of column 920.

Similarly, a pad 958¢ may have an axis 980 defined by solder attachment region

960c4 and via area 9624. Axis 980 is angled at an angle of minus beta with respect to a
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normal of column 920. The angles of pads 9805 and 980s may be selected to provide
uniform spacing between the solder attachment regions along both sides of column 920.
This pattern of two ground pads and two pairs of signal pads may then be repeated along
the length of column 920, providing uniform spacing between solder attachment regions
on both sides of the column.

The angling of contact pads, as described above, allows for a high density of
contact pads along column 920. As can be seen in FIG. 9B angling of the ground pads
creates regions between ground pads that are of different sizes on opposing sides of the
column. The signal pads are positioned such that their solder attachment regions are
positioned in the larger spaces. For example, between ground pad 958; and ground pad
9580 there is a larger area in 990B on one side of column 920 and a smaller area 990A
between pads 9587 and 958¢. In this example, signal pads 9583 and 958 are positioned
between pads 958; and 958y. The signal pads 9585 and 958, are oriented with their solder
attachment regions in the larger area 990B. This orientation allows the center to center
spacing of the solder attachment regions of the signal pads 9585 and 958, to be larger than
the center to center spacing of the vias for signal pads 9585 and 958¢ while still being
positioned between solder attachment regions for adjacent ground pads 9587 and 958 . In
this manner, a high density footprint with good signal integrity properties is achieved.

FIG. 9C shows portions of two columns 9020X and 9020Y of pads, in accordance
with some further embodiments. In this example, the column 9020X includes two ground
pads 9032X and 9038X, and two signal pads 9034X and 9036X disposed between the two
ground pads 9032X and 9038X. The ground pad 9032X includes two solder attachment
regions 9042X and 9043X, and a via 9052X is disposed in a via region located between
the solder attachment regions 9042X and 9043X. Similarly, the ground pad 9038X
includes two solder attachment regions 9048X and 9049X, and a via 9058X is disposed in
a via region located between the solder attachment regions 9048X and 9049X. The signal
pad 9034X includes a solder attachment region 9044X, and a via 9054X is disposed in a
via region located adjacent to the solder attachment region 9044X. Similarly, the signal
pad 9036X includes a solder attachment region 9046X, and a via 9056X is disposed in a
via region located adjacent to the solder attachment region 9046X.

In the example shown in FIG. 9C, the column 9020Y includes two ground pads
9032Y and 9038Y and two signal pads 9034Y and 9036Y arranged in a manner that is
similar to the ground pads 9032X and 9038X and the signal pads 9034X and 9036X of the
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column 9020X. In particular, the ground pad 9032Y includes two solder attachment
regions 9042Y and 9043Y and a via 9052Y disposed therebetween. Similarly, the ground
pad 9038Y includes two solder attachment regions 9048Y and 9049Y and a via 9058Y
disposed therebetween. The signal pad 9034Y includes a solder attachment region 9044Y
and an adjacent via region having a via 9054Y disposed therein. Similarly, the signal pad
9036Y includes a solder attachment region 9046Y and an adjacent via region having a via
9056X disposed therein.

Unlike in the embodiments shown in FIGs. 9A-B, each of the illustrative ground
pads shown in FIG. 9C (e.g., the ground pad 9032X) contains a single via (e.g., the via
9052X). This arrangement may allow for smaller ground pads and in turn a higher density
of pads in a footprint. However, it should be appreciated that any suitable number of vias
may be provided in a pad (e.g., one, two, three, etc.), and different pads in the same
footprint may have different numbers of vias, as aspects of the present disclosure are not
limited to the use of any particular number of vias.

Furthermore, the illustrative vias along a column shown in FIG. 9C (e.g., the vias
9052X, 9054X, 9056X, and 9058X) need not be aligned along the same line. For
example, the signal vias 9054X and 9056X may be slightly offset from a line 960X going
through the ground vias 9052X and 9058X. Similarly, the signal vias 9054Y and 9056Y
may be slightly offset from a line 960Y going through the ground vias 9052Y and 9058Y.
In this manner, a routing channel 970 between the two columns of vias may not be
completely straight. Rather, the routing channel 970 may have a serpentine shape, as
illustrated in dotted lines in FIG. 9C, to provide a uniform spacing relative to the signal or
ground vias.

FIGs. 10A-F show yet another example of a wafer half 1000X, in accordance with
some embodiments of the present disclosure. Like the illustrative wafer halves 200X and
200Y shown in FIGs. 2A-C and the illustrative wafer half 300 shown in FIGs. 3A-D, the
wafer half 1000X may be joined with another like wafer half to form a wafer that is
suitable for use in a connector such as the connector 100A shown in FIG. 1A. However,
unlike the wafer halves 200X and 200Y and the wafer half 300, which are adapted to
receive a lossy member (e.g., the illustrative lossy member 270 shown in FIG. 2C), the
wafer half 1000X may include a portion of overmolded lossy material, such as a portion of
overmolded conductive plastic. The portion of lossy material overmolded onto the wafer

half 1000X may provide benefits similar to those provided by the lossy member 270, such
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as dampening of resonances that may form in ground conductors, and such overmolding
may be used instead of or in addition to a lossy insert.

FIG. 10A is a perspective view of the front side of the illustrative wafer half
1000X, prior to overmolding of lossy material, in accordance with some embodiments. In
this example, the wafer half 1000X includes an insulative portion 1010X at least partially
enclosing a plurality of conductive elements disposed generally in parallel to each other
(e.g., conductive elements 1020X-1023X). Each conductive element may have exposed
portions not covered by the insulative portion 1010X. Such exposed portions may include
contact tails (e.g., contact tails 1030X-1033X) for attachment to a PCB, and beam-shaped
mating contact portions (e.g., beams 1040X-1043X) for mating with pad-shaped mating
contact portions of conductive elements in a corresponding connector (e.g., as shown in
FIG. 11A and discussed in greater detail below).

In the example shown in FIG. 10A, some conductive elements in the illustrative
wafer half 1000X may be adapted for use as ground conductors, while some other
conductive elements in the wafer half 1000X may be adapted for use as signal conductors.
For instance, the conductive elements 1020X and 1022X may be adapted for use as ground
conductors, while the conductive elements 1021X and 1023X may be adapted for use as
signal conductors. Furthermore, adjacent ground conductors, such as 1020X and 1022X,
may be joined by a planar intermediate portion 1070X, which may be conductive and may
spanned the distance between the ground conductors 1020X and 1022X. In embodiments
in which ground conductors are used, portions of the ground conductors may be exposed
to make contact with the lossy material after overmolding.

In the example shown in FIG. 10A, a channel 1050X is formed in the insulative
portion 1010X and is configured to be filled with a molten lossy material during an
overmolding process. An illustrative result of such an overmolding process is shown in
FIG. 10B, which is a perspective view of the front side of the wafer half 1000X shown in
FIG. 10A, with lossy material 1052X disposed in the channel 1050X.

In the example shown in FIG. 10A, the channel 1050X extends along a direction
that is perpendicular to the plurality of conductive elements enclosed by the insulative
portion 1010X. Furthermore, the channel 1050X may extend across approximately the
entire length of the wafer half 1000X, so that the channel 1050X may span all of the
conductive elements. In this manner, when the channel 1050X is filled with the lossy

material 1052X, the lossy material 1052X may be in close proximity to each of the
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conductive elements in the wafer half 1000X. However, in alternative embodiments, a
channel may extend only partially across a wafer half and may span only some, but not all,
of the conductive elements in the wafer half. Additionally, in some embodiments,
multiple channels may be formed in the insulative portion 1010X. Such channels may be
parallel to each other, with each channel spanning some or all of the conductive elements.
In this manner, lossy material may be in close proximity to each conductive element at
multiple locations along the length of the conductive element.

In some further embodiments, overmolded lossy material may be in electrical
contact with multiple ground conductors, or in closer proximity to ground conductors than
to signal conductors . For instance, in the example shown in FIG. 10A, the channel 1050X
may be configured in such a manner that portions of ground conductors, such as the planar
intermediate portion 1070X spanning the ground conductors 1020X and 1022X, are
exposed at a floor of the channel 1050X, so that the ground conductors 1020X and 1022X
will be in electrical contact with the lossy material 1052X disposed in the channel 1050X.
By contrast, signal conductors may be insulated from the lossy material 1052X. For
instance, the signal conductors 1021X and 1023X are insulated from the lossy material
1052X by an insulative portion 1060X in the example of FIG. 10A.

FIG. 10C is a perspective view of the back side of the illustrative wafer half 1000X
shown in FIG. 10A, prior to overmolding of lossy material. In this example, a channel
1055X is formed in the insulative portion 1010X on the back side of the wafer half 1000X.
Similar to the channel 1050X formed on the front side, the channel 1055X may be
configured to be filled with a molten lossy material during an overmolding process. An
illustrative result of such an overmolding process is shown in FIG. 10D, which is a
perspective view of the back side of the wafer half 1000X shown in FIG. 10A, with lossy
material 1057X disposed in the channel 1055X.

Also like the channel 1050X formed on the front side, the channel 1055X in the
example of FIG. 10C extends approximately across the entire length of the wafer half
1000X, so that the channel 1055X spans all of the conductive elements enclosed by the
insulative portion 1010X. Furthermore, in the example of FIG. 10C, portions of ground
conductors, such as the planar intermediate portion 1070X spanning the ground
conductors 1020X and 1022X, are exposed at a floor of the channel 1055X, so that the

ground conductors 1020X and 1022X will be in electrical contact with the lossy material
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1057X disposed in the channel 1055X. By contrast, the signal conductors 1021X and
1023X are insulated from the lossy material 1057X by an insulative portion 1065X.

The inventors have recognized and appreciated that it may be advantageous to
mold the lossy material 1052X on the front side of the wafer half 1000X and the lossy
material 1057X on the back side of the wafer half 1000X during the same molding
process. This may simplify the manufacturing process and reduce costs. Accordingly,
one or more features may be provided to allow molten lossy material to flow from one
side of the wafer half 1000X to the opposite side. An example of such a feature is an
opening 1072X in the planar intermediate portion 1070X that span the ground conductors
1020X and 1022X, as shown in FIG. 10A and FIG. 10C. Such an opening may allow
molten lossy material to flow from the channel 1050X on the front side of the wafer half
1000X into the channel 1055X on the back side of the wafer half 1000X, or vice versa.

FIG. 10E is a cross-sectional view of the illustrative wafer half 1000X shown in
FIG. 10A, prior to overmolding of lossy material. FIG. 10F is a cross-sectional view of
the illustrative wafer half 1000X shown in FIG. 10A, after the lossy material 1052X has
been deposited into the channel 1050X and the lossy material 1057X has been deposited
into the channel 1055X.

FIG. 10G is a perspective view of an illustrative wafer 1000 suitable for use in the
illustrative connector 100A shown in FIG. 1A. In this example, the wafer 1000 is made of
the illustrative wafer half 1000X shown in FIG. 10A and a like wafer half 1000Y. FIG.
10H is a cross-sectional view of the illustrative wafer 1000 shown in FIG. 10G, with the
lossy material 1052X deposited on the front side of the wafer half 1000X and the lossy
material 1057X deposited on the back side of the wafer half 1000X, and lossy material
1052Y deposited on the front side of the wafer half 1000Y and lossy material 1057Y
deposited on the back side of the wafer halt 1000Y. The watfer halves 1000X and 1000Y
may be held together by any of the attachment mechanisms discussed herein, or any other
suitable attachment mechanism. However, it should be appreciated that the water 1000 in
alternative embodiments may be formed as an integral piece or as a combination of more
than two pieces.

FIGs. 11A-F show yet another example of a wafer half 1100X, in accordance with
some embodiments of the present disclosure. Like the illustrative wafer halves 600X and
600Y shown in FIGs. 6A-B and the illustrative wafer halves 800X and 800Y shown in
FIGs. 8A-B, the wafer half 1100X may be joined with another like wafer half to form a
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wafer that is suitable for use in a connector such as the connector 100B shown in FIG. 1B.
However, unlike the wafer halves 600X and 600Y and the wafer halves 800X and 800Y,
which are adapted to receive a lossy member (e.g., the illustrative lossy member 8§70
shown in FIG. 8A), the wafer half 1100X may include a portion of overmolded lossy
material, such as a portion of overmolded conductive plastic, which may provide benefits
similar to those provided by a lossy member, such as dampening of resonances that may
form in ground conductors. In this regard, the wafer half 1100X may be similar to the
illustrative wafer half 1000X shown in FIG. 10A.

FIG. 11A is a perspective view of the front side of the illustrative wafer half
1100X, prior to overmolding of lossy material, in accordance with some embodiments. In
this example, the wafer half 1100X includes an insulative portion 1110X at least partially
enclosing a plurality of conductive elements disposed generally in parallel to each other
(e.g., conductive elements 1120X, 1121X, and 1123X). Each conductive element may
have exposed portions not covered by the insulative portion 1110X. Such exposed
portions may include contact tails (e.g., contact tails 1130X-1133X) for attachment to a
PCB, and pad-shaped mating contact portions (e.g., pads 1040X, 1141X, and 1143X) for
mating with beam-shaped mating contact portions of conductive elements in a
corresponding connector (e.g., as shown in FIG. 10A and discussed above).

In the example shown in FIG. 11A, some conductive elements in the illustrative
wafer half 1100X may be adapted for use as ground conductors, while some other
conductive elements in the wafer half 1100X may be adapted for use as signal conductors.
For instance, the conductive element 1120X may be adapted for use as a ground
conductor, while the conductive elements 1121X and 1123X may be adapted for use as
signal conductors.

In the example shown in FIG. 11A, a channel 1150X is formed in the insulative
portion 1110X and is configured to be filled with a molten lossy material during an
overmolding process. An illustrative result of such an overmolding process is shown in
FIG. 11B, which is a perspective view of the front side of the wafer half 1000X shown in
FIG. 11A, with lossy material 1152X disposed in the channel 1150X.

Similar to the channel 1050X shown in FIG. 10A, the channel 1150X may extend
across approximately the entire length of the wafer half 1100X, which may provide similar
benefits as discussed above. Also similar to the channel 1050X shown in FIG. 10A, the

channel 1150X may be configured in such a manner that portions of ground conductors,
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such as a planar intermediate portion 1170X of the ground conductor 1120X, may be
exposed at a floor of the channel 1150X, so that the ground conductor 1120X will be in
electrical contact with the lossy material 1152X disposed in the channel 1150X. By
contrast, signal conductors may be insulated from the lossy material 1152X. For instance,
the signal conductors 1121X and 1123X may be insulated from the lossy material 1152X
by an insulative portion 1160X.

FIG. 11C is a perspective view of the back side of the illustrative wafer half 1100X
shown in FIG. 11A, prior to overmolding of lossy material. In this example, a channel
1155X is formed in the insulative portion 1110X on the back side of the wafer half 1100X.
Similar to the channel 1150X formed on the front side, the channel 1155X may be
configured to be filled with a molten lossy material during an overmolding process. An
illustrative result of such an overmolding process is shown in FIG. 11D, which is a
perspective view of the back side of the wafer half 1100X shown in FIG. 10A, with lossy
material 1157X disposed in the channel 1155X.

Also like the channel 1150X formed on the front side, the channel 1155X in the
example of FIG. 11C extends across approximately the entire length of the wafer half
1100X, so that the channel 1155X spans all of the conductive elements enclosed by the
insulative portion 1110X. Furthermore, in the example of FIG. 11C, portions of ground
conductors, such as the planar intermediate portion 1070X of the ground conductor
1020X, are exposed at a floor of the channel 1155X, so that the ground conductor 1120X
will be in electrical contact with the lossy material 1157X disposed in the channel 1155X.
By contrast, the signal conductors 1121X and 1123X are insulated from the lossy material
1157X by an insulative portion 1165X.

As with the illustrative wafer half 1000X shown in FIG. 10A, one or more features
may be provided to allow molten lossy material to flow from one side of the wafer half
1100X to the opposite side. An example of such a feature is an opening 1172X in the
planar intermediate portion 1170X of the ground conductor 1120X, as shown in FIG. 11A
and FIG. 11C. Such an opening may allow molten lossy material to flow from the channel
1150X on the front side of the wafer half 1100X into the channel 1155X on the back side
of the wafer half 1100X, or vice versa.

FIG. 11E is a cross-sectional view of the illustrative wafer half 1100X shown in
FIG. 11A, prior to overmolding of lossy material. FIG. 11F is a cross-sectional view of

the illustrative wafer half 1100X shown in FIG. 11A, after the lossy material 1152X has
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been deposited into the channel 1150X and the lossy material 1157X has been deposited
into the channel 1155X.

FIG. 11G is a perspective view of an illustrative wafer 1100 suitable for use in the
illustrative connector 100B shown in FIG. 1B. In this example, the wafer 1100 is made of
the illustrative wafer half 1100X shown in FIG. 11A and a like wafer half 1100Y. FIG.
11H is a cross-sectional view of the illustrative wafer 1100 shown in FIG. 11G, with the
lossy material 1152X deposited on the front side of the wafer half 1100X and the lossy
material 1157X deposited on the back side of the wafer half 1100X, and lossy material
1152Y deposited on the front side of the wafer half 1100Y and lossy material 1157Y
deposited on the back side of the wafer halt 1100Y. The wafer halves 1100X and 1100Y
may be held together by any of the attachment mechanisms discussed herein, or any other
suitable attachment mechanism. However, it should be appreciated that the water 1100 in
alternative embodiments may be formed as an integral piece or as a combination of more
than two pieces.

As shown in FIGs. 10H and 11H, overmolding lossy material on both sides of a
wafer half may result in a wafer having lossy material disposed on the outside (e.g., the
lossy material 1052X and 1052Y shown in FIG. 10H and the lossy material 1152X and
1152Y shown in FIG. 11H), in addition to lossy material between two wafer halves (e.g.,
the lossy material 1057Y and 1057X shown in FIG. 10H and the lossy material 1157Y and
1157X shown in FIG. 11H). By contrast, in the embodiments shown in FIG. 2C, 6B, and
8A, lossy material (in the form of a lossy insert) is disposed only between two wafer
halves.

The inventors have recognized and appreciated that having lossy material disposed
on outside surfaces of a wafer may provide additional benefits, such as controlling
electromagnetic interference (EMI) to nearby circuit components. For instance, the
inventors have recognized and appreciated that lossy material disposed on outside surfaces
of a wafer may be effective in controlling EMI at frequencies between 4 GHz and 7 GHz.

While various benefits of overmolding lossy material onto both sides of a wafer
half are discussed above, it should be appreciated that aspects of the present disclosure are
not limited to the use of this technique. For example, in some embodiments, lossy
material may be molded onto only one side of a wafer half. As a result, when two
identical wafer halves are assembled, the lossy material may be disposed only on the

inside of the resulting wafer, or only on the outside of the resulting wafer. Alternatively,
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the two identical wafer halves may be assembled in such a way that lossy material molded
onto one wafer half is disposed on the inside of the resulting wafer, while lossy material
molded onto the other wafer half is disposed on the outside of the resulting wafer. Thus,
the resulting wafer may have lossy material disposed on the outside only on one side.
Furthermore, a lossy insert may be included between two wafer halves, regardless
of whether lossy material has been molded onto the wafer halves. Further still, lossy
material may be molded onto wafers of one connector but not wafers of a corresponding
connector. For example, lossy material may be molded on a connector with pad-shaped
mating contact portions, but not a corresponding connector with beam-shaped mating
contact portions, or vice versa. Further still, in addition to, or instead of, overmolding
lossy material onto wafer halves, lossy material may be disposed on the outside of a wafer
using one or more lossy inserts that are attached to the wafer in any suitable manner,
Various inventive concepts disclosed herein are not limited in their applications to the
details of construction and the arrangements of components set forth in the following
description or illustrated in the drawings. The inventive concepts are capable of other
embodiments and of being practiced or of being carried out in various ways. Also, the

phraseology and terminology used herein is for the purpose of description and should not

2% << 2% <

be regarded as limiting. The use of “including,” “comprising,” “having,” “containing,” or
“involving,” and variations thereof herein, is meant to encompass the items listed
thereafter and equivalents thereof as well as additional items.

Having thus described several aspects of at least one embodiment of the present
disclosure, it is to be appreciated various alterations, modifications, and improvements
will readily occur to those skilled in the art.

As an example, a connector designed to carry differential signals was used to
illustrate inventive concepts. Some or all of the techniques described herein may be
applied to signal conductors that carry single-ended signals.

Further, although many inventive aspects are shown and described with reference
to a mezzanine connector, it should be appreciated that the present invention is not limited
in this regard, as the inventive concepts may be included in other types of electrical
connectors, such as backplane connectors, cable connectors, stacking connectors, power
connectors, flexible circuit connectors, right angle connectors, or chip sockets.

Also, though it is described that wafers are rigidly attached to their respective

shells, in some embodiments, the attachment may not be rigid or may not be rigid in all
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directions. For example, the channels in the walls of the shell into which the wafers are
inserted may be sealed to retain the wafers. However, the wafers may be allowed to slide
along the channels so that all of the wafers may align relative to the surface of a printed
circuit board to which the connector is attached.

As a further example, connectors with three differential signal pairs in a column
were used to illustrate the inventive concepts. However, the connectors with any desired
number of signal conductors may be used.

Further, embodiments where illustrated in which contact tails are shaped to receive
solder balls such that a connector may be mounted to a printed surface board using known
surface mount assembly techniques. Other connector attachment mechanisms may be
used and contact tails of connectors may be shaped to facilitate use of alternative
attachment mechanisms. For example, to support surface mount techniques in which
component leads are placed on solder paste deposited on the surface of a printed circuit
board, the contact tails may be shaped as pads. As a further alternative, the contact tails
may be shaped as posts that engage holes on the surface of the printed circuit board. As
yet a further example, connectors may be mounted using press fit attachment techniques.
To support such attachment, the contact tails may be shaped as eye of the needle contacts
or otherwise contain compliant sections that can be compressed upon insertion into a hole
on a surface of a printed circuit board.

Also, though embodiments of connectors assembled from wafer subassemblies are
described above, in other embodiments connectors may be assembled from wafers without
first forming subassemblies. As an example of another variation, connectors may be
assembled without using separable wafers by inserting multiple columns of conductive
members into a housing.

In the embodiments illustrated, some conductive elements are designated as
forming a differential pair of conductors and some conductive elements are designated as
ground conductors. These designations refer to the intended use of the conductive
elements in an interconnection system as they would be understood by one of skill in the
art. For example, though other uses of the conductive elements may be possible,
differential pairs may be identified based on preferential coupling between the conductive
elements that make up the pair. Electrical characteristics of the pair, such as its
impedance, that make it suitable for carrying a differential signal may provide an

alternative or additional method of identifying a differential pair. For example, a pair of

55



10

15

WO 2012/106554 PCT/US2012/023689

signal conductors may have an impedance of between 75 Ohms and 100 Ohms. Asa
specific example, a signal pair may have an impedance of 85 Ohms +/- 10%. As another
example of differences between signal and ground conductors, in a connector with
differential pairs, ground conductors may be identified by their positioning relative to the
differential pairs. In other instances, ground conductors may be identified by their shape
or electrical characteristics. For example, ground conductors may be relatively wide to
provide low inductance, which is desirable for providing a stable reference potential, but
provides an impedance that is undesirable for carrying a high speed signal.

Further, though designated a ground conductor, it is not a requirement that all, or
even any, of the ground conductors be connected to earth ground. In some embodiments,
the conductive elements designated as ground conductors may be used to carry power
signals or low frequency signals. For example, in an electronic system, the ground
conductors may be used to carry control signals that switch at a relatively low frequency.
In such an embodiment, it may be desirable for the lossy member not to make direct
electrical connection with those ground conductors. The ground conductors, for example,
may be covered by the insulative portion of a wafer adjacent the lossy member.

Such alterations, modifications, and improvements are intended to be part of this
disclosure, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing description and drawings are by way of example only.
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CLAIMS

1. A wafer for an electrical connector, the wafer comprising:
a first component comprising:
a first insulative portion, the first insulative portion comprising a first
surface and a second surface, the first surface having a first profile comprising a
first plurality of recesses; and
a first plurality of conductive elements extending through the first
insulative portion; and
a second component secured to the first component, the second component having
a shape like the first component and comprising:
a second insulative portion, the second insulative portion comprising a third
surface and a fourth surface, the third surface having a second profile comprising a
plurality of regions; and
a second plurality of conductive elements extending through the second
insulative portion;
wherein the second component is positioned with the third surface facing the first
surface with each of the plurality of regions aligned with a recess of the plurality of
recesses, and the first surface and the third surface are shaped to provide a channel

between the plurality of recesses and corresponding ones of the plurality of regions.

2. The wafer of claim 1, further comprising:

a lossy member disposed in the channel.

3. The wafer of claim 2, wherein the lossy member has a serpentine shape.

4, The wafer of claim 2, wherein:

each of the first plurality of conductive elements extends through the first
insulative portion in a first direction;

the first plurality of conductive elements comprises wider conductive elements and

narrower conductive elements;
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each of the second plurality of conductive elements extends through the second
insulative portion in the first direction;

the second plurality of conductive elements comprises wider conductive elements
and narrower conductive elements; and

the lossy member extends in a second direction perpendicular to the first direction
such that the lossy member is adjacent all of the wider conductive elements of the first
plurality of conductive elements and all of the wider conductive elements of the second

plurality of conductive elements.

5. The wafer of claim 3, wherein:

each of the plurality of regions comprises a raised portion; and

the second component is positioned such that each raised portion on the third
surface extends into a recess on the first surface with a gap between the first surface and

the second surface, the gap comprising the channel.

6. The wafer of claim 2, wherein:
the first insulative portion and the second insulative portion each comprise a

feature for positioning the lossy member in the channel.

7. The wafer of claim 6, wherein:
the feature comprises a hole; and
the lossy member comprises a projection positioned and sized to fit within the

hole.

8. The wafer of claim 1, wherein:

the first plurality of conductive elements comprises wider conductive elements and
narrower conductive elements;

each of the wider conductive elements of the first plurality of conductive elements

is exposed in a floor of a respective recess.

9. The wafer of claim 8, wherein:
the second plurality of conductive elements comprises wider conductive elements

and narrower conductive elements;
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the second component comprises a plurality of recesses in the third surface; and
each of the wider conductive elements of the second plurality of conductive

elements is exposed in a floor of a respective recess in the third surface.

10. The wafer of claim 9, further comprising:

a lossy member disposed in the channel and compressed between the first
component and the second component, the lossy member pressing against each of the
wider conductive elements of the first plurality of conductive elements exposed in the
floor of the respective recess of the first surface and pressing against each of the wider
conductive elements of the second plurality of conductive elements exposed in the floor of

the respective recess of the second surface.

11. A wafer for an electrical connector, the wafer comprising:
a first component comprising:
a first insulative portion, the first insulative portion comprising a first
surface and a second surface, the first surface having a first profile comprising a
plurality of recesses; and
a first plurality of conductive elements extending through the first
insulative portion;
a second component secured to the first component, the second component
comprising:
a second insulative portion, the second insulative portion comprising a third
surface and a fourth surface, the third surface having a second profile comprising a
plurality of regions; and
a second plurality of conductive elements extending through the second
insulative portion;
wherein the second component is positioned with the third surface facing
the first surface with each of the plurality of regions aligned with a recess of the
plurality of recesses; and
an elongated lossy member disposed between the first surface and the third surface,
the elongated lossy member having a first side shaped to conform to the first profile and a

second side shaped to conform to the second profile.
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12. The wafer of claim 11, wherein:
the first component is identical to the second component such that the second

profile comprises a plurality of recesses.

13. The wafer of claim 12, wherein:

each of the plurality of regions comprises a raised portion; and

the second component is positioned such that each raised portion on the third
surface extends into a recess on the first surface with a gap between the first surface and

the second surface.

14. The wafer of claim 13, wherein:
the elongated lossy member conforms to the gap between the first surface and the

third surface.

15. The wafer of claim 14, wherein:

each of the first plurality of conductive elements comprises an elongated
conductive member extending through the first housing in a first direction;

each of the second plurality of conductive elements comprises an elongated
conductive member extending through the second housing in the first direction; and

the elongated lossy member is elongated in a direction perpendicular to the first

direction.

16. The wafer of claim 11, wherein:
the lossy member is compliant; and
the lossy member is compressed between the first component and the

second component.

17. The wafer of claim 11, wherein:
first component is secured to the second component such that the lossy member is

captured between the first component and the second component.

18. The wafer of claim 11, wherein:

each of the plurality of recesses has a floor;
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a conductive element of the first plurality of conductive elements is exposed in a
floor of a respective recess of the plurality of recesses; and
each of a plurality of regions of the lossy member presses against an exposed

conductive element in the floor of a respective recess of the plurality of recesses.

19. The wafer of claim 18, wherein:

each of the first plurality of conductive elements comprises an elongated
conductive member extending through the first housing in a first direction;

each of the second plurality of conductive elements comprises an elongated
conductive member extending through the second housing in the first direction; and

the elongated lossy member is elongated in a direction perpendicular to the first

direction.

20. The wafer of claim 19, wherein:

the first plurality of conductive elements comprises wider conductive elements and
narrower conductive elements; and

the conductive elements exposed in the floor of the plurality of recesses are wider

conductive elements.

21. An electrical connector comprising a plurality of wafers, each wafer
comprising:
a first component comprising:
a first insulative portion, the first insulative portion comprising a first
surface; and
a first plurality of conductive elements extending through the first
insulative portion in a first direction with at least a first subset of the first plurality
of conductive elements being exposed in the first surface;
a second component secured to the first component, the second component
comprising:
a second insulative portion, the second insulative portion comprising a

second surface; and
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a second plurality of conductive elements extending through the second
insulative portion in the first direction with at least a second subset of the second
plurality of conductive elements being exposed in the second surface;

wherein:

the second component is positioned with the second surface
adjacent the first surface; and
the first surface and/or the second surface is shaped to provide a
channel between the first component and the second component, the
channel extending in a second direction perpendicular to the first direction
past multiple conductive elements of the first plurality of conductive
elements and the second plurality of conductive elements; and
a lossy member disposed in the channel and extending in the second direction
perpendicular to the first direction, the lossy member being disposed adjacent the multiple
conductive elements, the lossy member comprising a plurality of regions, each region

pressing against a respective conductive element in the first subset or the second subset.

22. The electrical connector of claim 21, wherein, for each wafer:

the first plurality of conductive elements comprises wider conductive
elements and narrower conductive elements, the wider conductive elements being
wider in the second direction than the narrower conductive elements; and

the wider conductive elements comprise the first subset.

23. The electrical connector of claim 21, wherein, for each wafer, the lossy

member is movably captured in the channel.

24. The electrical connector of claim 21, wherein the connector comprises a

mezzanine connector.

25. A method of manufacturing an electrical connector, the method
comprising:
forming a plurality of identical components, each of the components
comprising an insulative portion and a plurality of conductive elements extending

through the insulative portion; and
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forming a plurality of subassemblies, forming each subassembly
comprising fixing a first of the plurality of components to a second of the plurality
of components with a lossy member therebetween, the lossy member being
captured in a channel formed between a surface of the first of the plurality of

components and the second of the plurality of components.

26. The method of claim 25, further comprising:

attaching the plurality of subassemblies to a support structure.

27. The method of claim 26, wherein:

each lossy member is compliant; and

forming each subassembly comprises compressing the lossy member
between the first of the plurality of components and the second of the plurality of

components.

28. The method of claim 27, wherein:

the insulative portion comprises a first surface;

for each of the plurality of components, a subset of the plurality of
conductive elements comprise exposed portions exposed in the first surface; and

for each of the plurality of subassemblies, compressing the lossy member
comprises creating a force between the lossy member and the exposed portions of

the conductive elements in the subset of the plurality of conductive elements.

29. The method of claim 26, wherein, for each subassembly:
fixing the first of the plurality of components to the second of the plurality
of components comprises pressing a projection of the first of the plurality of

components through an opening in the second of the plurality of components.

30. The method of claim 29, wherein:
the support structure comprises a plurality of grooves; and
attaching the plurality of subassemblies to the support structure comprises,

for each subassembly:
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inserting into a respective groove of the plurality of grooves a first

tab from the first of the plurality of components and a second tab from the
second of the plurality of components; and

deforming a portion of the support structure to capture the first tab and the second

tab in the groove.

31. A wafer comprising:
at least one insulative portion; and
a plurality of conductive elements extending through the at least one
insulative portion, wherein:
the at least one insulative portion comprises at least one protruding
portion that is elongated along an edge of the at least one insulative portion,

the at least one protruding portion having a dovetail-shaped cross section.

32. The wafer of claim 31, wherein:

the at least one insulative portion comprises a first insulative portion and a
second insulative portion;

the plurality of conductive elements comprise a first plurality of conductive
elements extending through the first insulative portion and a second plurality of
conductive elements extending through the second insulative portion; and

the at least one protruding portion comprises a first protruding portion of
the first insulative portion and a second protruding portion of the second insulative
portion, each of the first and second protruding portions having a trapezoidal cross
section, so that, when the first and second insulative portions are held together, the
first and second protruding portions collectively form the at least one protruding

portion having the dovetail-shaped cross section.

33. The wafer of claim 32, comprising first and second wafer halves, the first
wafer half comprising the first insulative portion and the first plurality of conductive
elements, the second wafer half comprising the second insulative portion and the second
plurality of conductive elements, and wherein the first and second wafer halves are

identically manufactured.
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34. An electrical connector comprising a plurality of wafers, each wafer
comprising:
at least one insulative portion; and
a plurality of conductive elements extending through the at least one
insulative portion, wherein:
the at least one insulative portion comprises at least one protruding portion
that is elongated along an edge of the at least one insulative portion, the at least one

protruding portion having a dovetail-shaped cross section.

35. The electrical connector of claim 34, further comprising at least one
housing having at least one groove formed on an interior sidewall of the at least one
housing, the at least one groove having a dovetail-shaped cross section matching a

dovetail-shaped cross section of a protruding portion of a wafer of the plurality of wafers.

36. The electrical connector of claim 35, wherein the dovetail-shaped
protruding portion of the wafer is inserted into the at least one dovetail-shaped groove of
the at least one housing, so that the wafer forms a structural member of the electrical

connector.

37. The electrical connector of claim 36, wherein the dovetail-shaped
protruding portion of the wafer is captured in the at least one dovetail-shaped groove of
the at least one housing by a deformed portion of the at least one housing that at least

partially obstructs an opening of the at least one dovetail-shaped groove.

38. A wafer for an electrical connector, the wafer comprising:
a first component comprising:

a first insulative portion, the first insulative portion comprising a first
surface and a second surface; and

a first plurality of conductive elements extending through the first
insulative portion; and
a second component secured to the first component, the second component having

a shape like the first component and comprising:
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a second insulative portion, the second insulative portion comprising a third
surface and a fourth surface; and
a second plurality of conductive elements extending through the second
insulative portion;
wherein the second component is positioned with the third surface facing the first
surface, and the second surface comprises a lossy portion, the lossy portion extending in a

direction that is perpendicular to the first plurality of conductive elements.

39. The wafer of claim 38, wherein the lossy portion is a second lossy portion,
and wherein the first surface comprises a first lossy portion, the first lossy portion

extending in a direction that is perpendicular to the first plurality of conductive elements.

40. The wafer of claim 39, wherein the first and second lossy portions are
overmolded onto the first component, and wherein the first component comprises at least
one feature configured to allow molten lossy material to flow from the first surface to the

second surface or from the second surface to the first surface.

41. The wafer of claim 40, wherein the first plurality of conductive elements
comprises a first conductive element, and wherein the at least one feature configured to
allow molten lossy material to flow from the first surface to the second surface or from the

second surface to the first surface comprises an opening in the first conductive element.

42. The wafer of claim 38, wherein the lossy portion comprises an elongated

lossy member attached to the second surface of the first component.

43. The wafer of claim 38, wherein the lossy portion is a first lossy portion, and
wherein the fourth surface comprises a second lossy portion, the second lossy portion
extending in a direction that is perpendicular to the second plurality of conductive

elements.

44. The wafer of claim 43, further comprising an elongated lossy member

disposed between the first and third surfaces.
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45.

A connector, comprising:

an insulative portion and a plurality of conductive elements, each of the

plurality of conductive elements comprising a beam extending from the insulative

portion, the beams being disposed in a plurality of columns, each column

comprising a first beam and a second beam, wherein:

46.

47.

48.

the first beam is associated with a first conductive element
configured as a ground conductor;

the first beam comprises a first contact region near a distal end of
the first beam, the first contact region having a first width;

the second beam is associated with a second conductive element
configured as a signal conductor; and

the second beam comprises a second contact region near a distal end
of the second beam, the second contact region having a second width larger

than the first width.

The connector of claim 45, wherein:
the second beam further comprises:

a tab portion at the distal end, the tab portion being adjacent to the
second contact region, the tab portion having a tab width smaller than the
second width; and

a neck portion adjacent to the second contact region, the neck
portion being opposite from the tab portion, the neck portion having a neck

width smaller than the second width.

The connector of claim 46, wherein:
a distance between the tab portion and the neck portion is between

0.2mm and 1mm.

The connector of claim 46, wherein:
a ratio between the second width and the neck width is between 2:1

and 2.5:1.
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49. The connector of claim 45, wherein the connector is a first connector, the
insulative portion is a first insulative portion, and the plurality of conductive elements is a
first plurality of conductive elements, and wherein the first connector is in combination
with a second connector adapted to mate with the first connector, the second connector
comprising:

a second insulative portion and a second plurality of conductive elements,
each of the second plurality of conductive elements comprising a pad extending
from the second insulative portion, the pads being disposed in a plurality of
columns, each column comprising a first pad and a second pad, wherein:

the first pad is associated with a third conductive element
configured as a ground conductor;

the first pad comprises a third contact region adapted to make
electrical contact with the first contact region of the first beam, the third
contact region having a third width;

the second pad is associated with a fourth conductive element
configured as a signal conductor; and

the second pad comprises a fourth contact region adapted to make
electrical contact with the second contact region of the second beam, the

fourth contact region having a fourth width smaller than the third width.

50. The connector of claim 49, wherein, for each column, a first distance in a
first direction along the column between a first center line of the first beam and a first edge
of the first pad matches a second distance in a second direction along the column, between

a second centerline of the second pad and a second edge of second beam.

51. The electrical interconnection system of claim 49, wherein:

the first connector further comprises a third beam, the third, first, and
second beams being arranged in a sequence; and

the third width of the third contact region of the first pad is wider than a
distance between the third and first beams, so that the third contact region is
capable of making electrical connection with the third and first beams

simultaneously.
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52. The electrical interconnection system of claim 45, wherein;

the first and second beams are adjacent;

the connector further comprises third and fourth beams, the first, second,
third, and fourth beams being arranged in a sequence;

the third beam is associated with a third conductive element configured as a
signal conductor;

the third beam comprises a third contact region near a distal end of the third
beam, the third contact region having the second width;

the fourth beam is associated with a fourth conductive element configured
as a ground conductor; and

the fourth beam comprises a fourth contact region near a distal end of the

fourth beam, the fourth contact region having the first width.

53. The electrical interconnection system of claim 45, wherein:

each of the plurality of conductive elements further comprises an
attachment end; and

the connector further comprises a plurality of solder balls, each solder ball
of the plurality of solder balls being attached to an attachment end of a respective

conductive element of the plurality of conductive elements.

54. The electrical interconnection system of claim 53, wherein:
the attachment end of each of the plurality of conductive elements narrows
at a tip to form a narrowed region, and the respective solder ball is attached to the

narrowed region.

55. A wafer for an electrical connector, the wafer comprising:

a plurality of conductive elements, each of the conductive elements
comprising a beam-shaped contact portion, the contact portions of the plurality of
conductive elements being disposed in a column, and each contact portion
comprising an opening in the beam-shaped contact portion, the opening having a

closed perimeter.

56. The wafer of claim 55, wherein:

69



10

15

20

25

30

WO 2012/106554 PCT/US2012/023689

the plurality of conductive elements comprises a plurality of pairs of
conductive elements, and for each pair of conductive elements a first contact
portion and a second contact portion have an edge to edge spacing, the edge to
edge spacing being uniform over a region of each of the first contact portion and
the second contact portion; and

the opening in the first contact portion and the second contact portion is

disposed in the region.

57. The wafer of claim 55, wherein:
each of the plurality of conductive elements has a uniform width over a region of
the beam-shaped contact portion;
the opening in each of the plurality of conductive elements is disposed in the
region; and
the opening is wider towards a distal end of the beam-shaped contact portion than

a proximal end of the beam-shaped contact portion.

58. The wafer of claim 55, wherein:

for each of the plurality of conductive elements, the opening is teardrop shaped.

59. The wafer of claim 55, wherein:

the wafer further comprises an insulative portion holding the plurality of
conductive elements; and

for each of the plurality of conductive elements, the beam-shaped contact portion

extends from the insulative portion.

60. The wafer of claim 55, wherein:
the opening in each contact portion is shaped to distribute force uniformly along

the length of the contact portion when the beam-shaped contact portion is deflected.

61. An electrical connector comprising:
an insulative portion; and
a plurality of conductive elements, each of the conductive elements

comprising a beam extending from the insulative portion, the beams being
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disposed in a plurality of columns, each column comprising a pair of adjacent
beams, the beams of the pair each comprising an opening, each opening being
wider near a distal end of a respective beam and narrower near a proximal end of
the respective beam, wherein the distal end of the respective beam comprises a

single contact region.

62. The electrical connector of claim 61, wherein, for each pair of adjacent
beams in each of the plurality of columns, an edge to edge spacing between the adjacent

beams is uniform over a region enclosing the openings in the adjacent beams.

63. The electrical connector of claim 61, wherein:

for each pair in each of the plurality of columns, the beams and the

openings of the pair are configured to provide uniform impedance and to distribute

force uniformly along the beams upon deflection of the beams.

64. The electrical connector of claim 61, wherein:
each column of the plurality of conductive elements further comprises a
third beam adjacent to the pair of adjacent beams; the openings of the pair of

adjacent beams have a first shape; and

the third beam has a third opening of a second shape different from the first

shape.

65. The electrical connector of claim 64, wherein the third opening has a

uniform width along at least a portion of the third beam.

66. The electrical connector of claim 61, wherein the beams each have a

unitary structure.

67. An electronic assembly comprising:
a printed circuit board (PCB); and
a connector coupled to the PCB, the connector comprising an insulative

shell and first and second wafers inserted into the insulative shell, wherein:
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68.

the first wafer comprises at least one first mating contact portion
and at least one first contact tail, the at least one first contact tail being
electrically coupled to at least one first conductive element in the PCB;

the second wafer comprises at least one second mating contact
portion and at least one second contact tail, the at least one second contact
tail being electrically coupled to at least one second conductive element in
the PCB;

the first wafer is inserted into a first channel formed on an interior
side wall of the insulative shell;

the second wafer is inserted into a second channel formed on the
interior side wall of the insulative shell, the second channel being parallel
to the first channel;

the insulative shell comprises first and second cover portions, the
first cover portion mechanically engaging the at least one first mating
contact portion of the first wafer, the second cover portion mechanically
engaging the at least one second mating contact portion of the second
wafer;

the connector further comprises a support member inserted into a
third channel formed on the interior side wall of the insulative shell
between the first and second channels,

the support member comprises at least one first support feature
mechanically engaging the first cover portion to offset forces generated by
the at least one first mating contact portion of the first wafer, the first
support feature being electrically isolated from the PCB; and

the support member further comprises at least one second support
feature mechanically engaging the second cover portion to offset forces
generated by the at least one second mating contact portion of the second

wafer.

The electronic assembly of claim 67, wherein the first and second cover

portions are integral to the insulative shell.
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69. The electronic assembly of claim 67, wherein the insulative shell comprises
a cover component, and wherein the cover component comprises the first and second

cover portions.

70. The electronic assembly of claim 67, wherein the first cover portion
comprises first and second recesses, and wherein the at least one first mating contact
portion of the first wafer is inserted into the first recess and the at least one first support

feature of the support member is inserted into the second recess.

71. The electronic assembly of claim 67, wherein the support member
comprises a planar insulative portion, and wherein the at least one first support feature and

the at least one second support feature extend from the planar insulative portion.

72. The electronic assembly of claim 71, wherein the at least one first support
feature and the at least one second support feature comprise compliant conductive

material.

73. A connector comprising:

an insulative shell; and
first and second wafers inserted into the insulative shell, wherein:

the first wafer comprises a first plurality of conductive elements
partially enclosed by a first insulative portion of the first wafer;

the second wafer comprises a second plurality of conductive
elements partially enclosed by a second insulative portion of the second
wafer;

the first wafer is inserted into a first channel formed on an interior
side wall of the insulative shell;

the second wafer is inserted into a second channel formed on the
interior side wall of the insulative shell, the second channel being parallel
to the first channel;

the insulative shell comprises first and second cover portions, the
first cover portion mechanically engaging mating contact portions of the

first plurality of conductive elements of the first wafer, the second cover
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74.

portion mechanically engaging mating contact portions of the second
plurality of conductive elements of the second wafer;

the connector further comprises a support member inserted into a
third channel formed on the interior side wall of the insulative shell
between the first and second channels;

the support member comprises at least one first support feature
mechanically engaging the first cover portion to offset forces generated by
the mating contact portions of the first plurality of conductive elements of
the first wafer; and

the support member further comprising at least one second support
feature mechanically engaging the second cover portion to offset forces
generated by the mating contact portions of the second plurality of

conductive elements of the second wafer.

The connector of claim 73, wherein the first and second cover portions are

integral to the insulative shell.

75.

The connector of claim 73, wherein the insulative shell comprises a cover

component, and wherein the cover component comprises the first and second cover

portions.

76.

The connector of claim 73, wherein the first cover portion comprises first

and second recesses, and wherein the mating contact portions of the first plurality of

conductive elements of the first wafer are inserted into the first recess and the at least one

first support feature of the support member is inserted into the second recess.

7.

The connector of claim 73, wherein the support member comprises a planar

insulative portion, and wherein the at least one first support feature and the at least one

second support feature extend from the planar insulative portion.

78.

The connector of claim 77, wherein the at least one first support feature and

the at least one second support feature comprise compliant conductive material.
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79. The connector of claim 73, wherein the support member is a unitary
member.
80. The connector of claim 73, wherein the first plurality of conductive

elements of the first wafer are adapted to carry power.

81. The connector of claim 80, wherein the first plurality of conductive

elements of the first wafer are adapted to carry power at a voltage higher than 38V.

82. The connector of claim 80, wherein each of the first plurality of conductive

elements of the first wafer is adapted to carry a current of about 1A to 2A.

83. An electronic assembly comprising a component footprint, the footprint
comprising:
a plurality of pads disposed in a plurality of columns, each column comprising:

a plurality of pads of a first shape, each pad of the first shape being
elongated along a respective axis and comprising a first solder attachment region
and a second solder attachment region disposed along the respective axis on
opposing ends of the pad, and

a plurality of pads of a second shape, each pad of the second shape being
elongated along a respective axis and comprising a solder attachment region and a
via region disposed along the respective axis on opposing ends of the pad,

wherein, within each column, the pads are disposed in a repeating pattern
comprising, in sequence:

a first pad of the first shape with the respective axis of the first pad
tilted at a first angle with respect to the column;
a first pad of the second shape with the solder attachment region on

a first side of the column, the respective axis of the first pad of the second

shape being tilted at a second angle with respect to the column;

a second pad of the second shape with the solder attachment region
on a first side of the column, the respective axis of the second pad of the

second shape being tilted at a third angle with respect to the column;

75



10

15

20

25

30

WO 2012/106554 PCT/US2012/023689

a second pad of the first shape with the respective axis of the second
pad tilted at a fourth angle with respect to the column;

a third pad of the second shape with the solder attachment region on
a second side of the column, the respective axis of the third pad of the
second shape being tilted at a fifth angle with respect to the column; and

a fourth pad of the second shape with the solder attachment region
on a second side of the column, the respective axis of the fourth pad of the

second shape being tilted at a sixth angle with respect to the column.

84. The electronic assembly of claim 83, wherein:
the first angle and the fourth angle are of the same magnitude and opposite

directions.

85. The electronic assembly of claim 84, wherein:
the second angle and the third angle are of the same magnitude and

opposite directions.

86. The electronic assembly of claim 85, wherein:

the second angle and the sixth angle are the same.

87. The electronic assembly of claim 86, wherein:

the third angle and the fifth angle are the same.

88. The electronic assembly of claim 83, wherein:

each of the plurality of pads of the first shape comprises at least one via
region; and

within each column, the via regions of the pads of the first shape and the
via regions of the pads of the second shape are disposed along a center line of the

column.

89. The electronic assembly of claim 83, wherein, within each column:
the first solder attachment region of the first pad of the first shape and the

second solder attachment region of the second pad of the first shape are aligned
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with the solder attachment regions of the first and second pads of the second shape

along a first line on the first side of the column.

90. The electronic assembly of claim 89, wherein, within each column:

the second solder attachment region of the first pad of the first shape and
the first solder attachment region of the second pad of the first shape are aligned
with the solder attachment regions of the third and fourth pads of the second shape

along a second line on the second side of the column opposite from the first side.

91. An electronic assembly comprising a component footprint, the footprint

comprising:

that:

a plurality of pads disposed in a plurality of columns, each column comprising:

a plurality of pads of a first shape, each pad of the first shape being
elongated along a respective axis and comprising a first solder attachment region
and a second solder attachment region disposed along the respective axis on
opposing ends of the pad; and

a plurality of pads of a second shape, each pad of the second shape being
elongated along a respective axis and comprising a solder attachment region and a
via region disposed along the respective axis on opposing ends of the pad;

wherein, within each column, the pads are disposed in a repeating pattern such

adjacent pads of the first shape are aligned at angles relative to the column
that alternate in direction such that, on opposing sides of the column, a larger
separation and a smaller separation exist between solder attachment regions of the
adjacent pads of the first shape; and

between the adjacent pads of the first shape are disposed a pair of pads of
the second shape, the pair of pads of the second shape being positioned with the
solder attachment regions of the pair of pads of the second shape being position in

the larger separation.

92. The electronic assembly of claim 91, wherein:
each of the pads of the first shape comprises at least one via region between

the first solder attachment region and the second solder attachment region; and
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within each column, the solder attachment regions of the pads of the first
shape and the solder attachment regions of the pads of the second shape are aligned

along the columns.

93. The electronic assembly of claim 92, wherein:
the footprint comprises routing channels between the aligned vias of the
pads of the first shape and the pads of the second shape in adjacent ones of the

plurality of columns.

94. The electronic assembly of claim 92, wherein:
the assembly comprises a printed circuit board comprising a surface; and
the pads of the first shape and the pads of the second shape are formed on

the surface of the printed circuit board.

95. The electronic assembly of claim 91, wherein:

each column comprises first and second pairs of pads of the second shape,
the first pair of pads of the second shape having solder attachment regions disposed
on one side of a center line of the column, and the second pair of pads of the
second shape having solder attachment regions disposed on the other side of the

center line of the column.

96. An electronic assembly comprising a component footprint, the footprint

comprising:

a plurality of pads disposed in at least a first column and a second column
adjacent to the first column, wherein:

the first column comprises first and second pads of a first shape,
each of the first and second pads being elongated along a respective axis
that is angled with respect to the first column;

the first column further comprises third and fourth pads of a second
shape, each of the third and fourth pads comprising a solder attachment
region disposed on a first side of the first column facing the second column;

the second column comprises fifth and sixth pads of the first shape;

and
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the solder attachment regions of the third and fourth pads are

generally surrounded by the first, second, fifth, and sixth pads.

97. The electronic assembly of claim 96, wherein:

the first pad comprises first and second solder attachment regions, the first
solder attachment region being disposed on the first side of the first column facing
the second column and the second solder attachment region being disposed on a
second side of the first column away from the second column;

the second pad comprises third and fourth solder attachment regions, the
third solder attachment region being disposed on the second side of the first
column away from the second column and the fourth solder attachment region
being disposed on the first side of the first column facing the second column;

each of the fifth and sixth pads comprises a solder attachment region
disposed on a side of the second column facing the first column; and

the solder attachment regions of the third and fourth pads are generally
surrounded by the first, second, third, fourth solder attachment regions and the

solder attachment regions of the fifth and sixth pads.

98. The electronic assembly of claim 97, wherein:
a region of the footprint formed by the first, second, third, fourth solder
attachment regions and the solder attachment regions of the fifth and sixth pads is

free of pads of the second shape other than the third and fourth pads.

99. The electronic assembly of claim 97, wherein:
the first and fourth solder attachment regions are aligned with the solder
attachment regions of the third and fourth pads generally along a line on the first

side of the first column facing the second column.

100. The electronic assembly of claim 96, wherein the first, second, third, and

fourth pads further comprises, respectively, first, second, third, and fourth via regions, the

first, second, third, and fourth via regions being aligned generally along a line.
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101.  The electronic assembly of claim 100, wherein the line is a first line, and
wherein:
the fifth and sixth pads further comprises, respectively, fifth and sixth via
regions, the fifth and sixth via regions being aligned along a second line generally

parallel to the first line.

102.  The electronic assembly of claim 101, wherein a channel region of the

footprint between the first and second lines is free of vias.

103.  The electronic assembly of claim 101, wherein a width of the channel

region is at least one half of a distance between the first and second lines.

104.  The electronic assembly of claim 103, wherein the width of the channel

region is at least two thirds of the distance between the first and second lines.

105.  The electronic assembly of claim 97, wherein the second pad has a single

via.

106.  The electronic assembly of claim 97, wherein the second pad has two vias.
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