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(57) Abstract

An electrical interconnect system
includes an insulative substrate (503), and
a plurality of groups (514) of electrically
conductive contacts (500) arranged on the
substrate (503). The contacts (500) are
electrically isolated from one another, and
the groups (514) are interleaved among one
another in a nested configuration. The system
also includes a plurality of receiving-type
interconnect components (900) each for
receiving one of the groups (514) of contacts
(500) within that component. The nested
configuration of the groups (514) of contacts
(500) maintains the contacts in close proximity
to one another and, at the same time, allows
adequate clearance between the contacts (500)
so that each group (514) may be received
within one of the receiving-type interconnect
components (900).
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Description
High-Density Electrical Interconnect System

Technical Field

The present invention relates to a plug-in electrical
interconnect system and, in particular, to interconnect
components used in the plug-in electrical interconnect
system. Although the electrical interconnect system of the
present invention is particularly suitable for use in
connection with high-density systems, it may also be used
with high-power systems or other systems.

Background Art

Electrical interconnect systems (including electronic
interconnect systems) are used for interconnecting electrical
and electronic systems and components. In general,
electrical interconnect systems contain both a projection-
type interconnect component, such as a conductive pin, and a
receiving-type interconnect component, such as a conductive
socket. 1In these types of electrical interconnect systems,
electrical interconnection is accomplished by inserting the
projection-type interconnect component into the receiving-
type interconnect component. Such insertion brings the
conductive portions of the projection-type and receiving-type
interconnect components into contact with each other so that
electrical signals may be transmitted through the
interconnect components. In a typical interconnect system
(e.g., the pin grid array of Fig. 29, discussed in detail
below), a plurality of individual conductive pins 101 are
positioned in a grid formation and a plurality of individual
conductive sockets (not shown in Fig. 29) are arranged to
receive the individual pins, with each pin and socket pair
transmitting a different electrical signal.

High-density electrical interconnect systems are
characterized by the inclusion of a large number of
interconnect component contacts within a small area. By
definition, high-density electrical interconnect systems take
up less space and include shorter signal paths than lower-
density interconnect systems. The short signal paths
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associated with high-density interconnect systems allow such
systems to transmit electrical signals at higher speeds. 1In
general, the higher the density of an electrical interconnect
system, the better the system.

Various attempts have been made in the past at producing
an electrical interconnect system having a suitably high
density. One electrical interconnect system that has been
proposed is shown in Fig. 1(a).

The electrical interconnect system of Fig. 1(a) is known
as a post and box interconnect system. In the system of
Fig. 1(a), the projection-type interconnect component is a
conductive pin or post 101, and the receiving-type
interconnect component is a box-shaped conductive socket 102.
Fig. 1(b) is a top view of the interconnect system of
Fig. 1(a) showing the post 101 received within the socket
102. As can be seen from Fig. 1(b), the inner walls of the
socket 102 include sections 103 and 104 which protrude
inwardly to allow a tight fit of the post 101 within the
socket. Figs. 1(a) and 1(b) are collectively referred to
herein as "Fig. 1."

Another electrical interconnect system that has been
proposed is illustrated in Fig. 2(a). The electrical
interconnect system of Fig. 2(a) is known as a single beam
interconnect system. In the system of Fig. 2(a), the
projection-type interconnect component is a conductive pin or
post 201, and the receiving-type interconnect component is a
conductive, flexible beam 202. Fig. 2(b) is a top view of
the interconnect system of Fig. 2(a) showing the post 201
positioned in contact with flexible beam 202. The flexible
beam 202 is biased against the post 201 to maintain contact
between the flexible beam and the post. Figs. 2(a) and 2(b)
are collectively referred to herein as "Fig. 2."

A third electrical interconnect system that has been
proposed is shown in Fig. 3(a). The electrical interconnect
system shown in Fig. 3(a) is known as an edge connector
system. The projection-type interconnect component of the
edge connector system includes an insulative printed wiring
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board 300 and conductive patterns 301 formed on the upper
and/or lower surfaces of the printed wiring board. The
receiving-type interconnect component of the edge connector
system includes a set of upper and lower conductive fingers
302 between which the printed wiring board 300 may be
inserted.

Fig. 3(b) is a side view of the system illustrated in
Fig. 3(a) showing the printed wiring board 300 inserted
between the upper and lower conductive fingers 302. When the
printed wiring board 300 is inserted between the conductive
fingers, each conductive pattern 301 contacts a corresponding
conductive finger 302 so that signals may be transmitted
between the conductive patterns and the conductive fingers.
Figs. 3(a) and 3(b) are collectively referred to herein as
"Fig. 3."

A fourth electrical interconnect system that has been
proposed is shown in Fig. 4. The electrical interconnect
system shown in Fig. 4 is known as a pin and socket
interconnect system. In the system of Fig. 4, the
projection-type interconnect component is a conductive,
stamped pin 401, and the receiving-type interconnect
component is a conductive, slotted socket 402. The socket
402 is typically mounted within a through-hole formed in a
printed wiring board. The pin 401 is oversized as compared
to the space within the socket 402. The size differential
between the pin 401 and the space within the socket 402 is
intended to allow the pin to fit tightly within the socket.

The interconnect systems of Figs. 1 through 4 are
deficient for a variety of reasons. For example, the
interconnect components in these systems generally include
plating on each external and internal surface to ensure
adequate electrical contact between the projection-type and
receiving-type components. Since plating is typically
accomplished using gold or other expensive metals, the
systems of Figs. 1 through 4 can be quite costly to

manufacture.
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Performance-wise, the edge connector system of Fig. 3 is
subject to capacitance problems and electromagnetic
interference. Likewise, the pin and socket system of Fig. 4
requires a high insertion force to insert the pin 401 within
the slotted socket 402, and will not fit together properly in
the absence of near-perfect tolerancing.

The main problem associated with the systems of Figs. 1
and 2 (when arranged, for example, as in Fig. 29), the system
of Fig. 3 (when arranged, for example, in a pair of rows),
and the system of Fig. 4 (when arranged, for example, as in
Fig. 3(a)) is that these systems are not high enough in
density to meet the needs of existing and/or future
semiconductor and computer technology. Interconnect system
density has already failed to keep pace with semiconductor
technology, and as computer and microprocessor speeds
continue to climb, with space efficiency becoming
increasingly important, electrical interconnect systems hav-
ing even higher densities will be required. The electrical
interconnect systems discussed above fall short of current
and contemplated interconnect density requirements.

Disclosure of the Invention

Accordingly, it is a goal of the present invention to
provide a high-density electrical interconnect system capable
of meeting the needs of existing and contemplated computer
and semiconductor technology.

Another goal of the present invention is to provide an
electrical interconnect system that is less costly and more
efficient than existing high-density electrical interconnect
systems.

These and other goals may be achieved by using an
electrical interconnect system that includes a plurality of
projection-type interconnect components arranged in a nested
configuration that yields a high density, adequate mating
clearances, high reliability, and ease of manufacture.

In particular, the foregoing goals may be achieved by an
electrical interconnect system comprising an insulative

substrate; a plurality of groups of electrically conductive
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contacts arranged on the substrate, each of the contacts
being electrically isolated from one another, and the groups
being interleaved among one another in a nested
configuration; and a plurality of receiving-type interconnect
components each for receiving one of the groups of contacts
within that component, wherein the nested configuration of
the groups of contacts maintains the contacts in close
proximity to one another while allowing adequate clearance
between the contacts so that each group may be received
within one of the receiving-type interconnect components.

It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory, and are not restrictive of the
invention as claimed. The accompanying drawings, which are
incorporated in and constitute a part of the specification,
illustrate embodiments of the present invention and together
with the general description, serve to explain the principles
of the present invention.

Brief Description of the Drawings

Fig. 1(a) is a perspective view illustrating a prior art
electrical interconnect system.

Fig. 1(b) is a top view of the electrical interconnect
system shown in Fig. 1(a).

Fig. 2(a) is a perspective view illustrating another
prior art electrical interconnect system.

Fig. 2(b) is a top view of the electrical interconnect
system shown in Fig. 2(a).

Fig. 3(a) is a perspective view illustrating yet another
prior art electrical interconnect system.

Fig. 3(b) is a side view of the electrical interconnect
system shown in Fig. 3(a).

Fig. 4 is a perspective view illustrating still another
prior art electrical interconnect system.

Fig. 5(a) is a perspective view of a portion of a
projection-type interconnect component in accordance with an

embodiment of the present invention.
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Fig. 5(b) is a side view of a buttress portion of the
projection-type interconnect component shown in Fig. 5(a).

Fig. 5(c) is a side view of two projection-type inter-
connect components in accordance with the embodiment of the
present invention shown in Fig. 5(a).

Fig. 6 is a perspective view of one type of conductive
post that may be used in the electrical interconnect system
of the present invention.

Fig. 7 is a perspective view of another type of
conductive post that may be used in the electrical
interconnect system of the present invention.

Fig. 8 is a perspective view of a conductive post in
accordance with the present invention having a rounded foot
portion.

Fig. 9 is a perspective view of a conductive post in
accordance with the present invention having a foot portion
configured to interface with a round wire or cable.

Fig. 10 is a perspective view showing a projection-type
interconnect component located on a substrate arranged at a
right angle with respect to an interface device.

Fig. 11l(a) is a perspective view showing several
projection-type interconnect components located on a
substrate arranged at a right angle with respect to an
interface device.

Fig. 11(b) is a diagram showing patterns associated with
the foot portions of alternating projection-type electrical
interconnect components.

Fig. 12 is a perspective view of a projection-type
electrical interconnect component in accordance with another
embodiment of the present invention.

Figs. 13(a) is a perspective view of a projection-type
electrical interconnect component in accordance with yet
another embodiment of the present invention.

Figs. 13(b) is a perspective view of a projection-type
electrical interconnect component in accordance the

embodiment of Fig. 5(a) and a projection-type interconnect
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component in accordance with still another embodiment of the
present invention. ‘

Figs. 13(c) is a perspective view of a portion of one of
the a projection-type electrical interconnect components
shown in Fig. 13(b) with the tip portion of the component
removed.

Fig. 14 is a perspective view of a portion of a
receiving-type interconnect component in accordance with an
embodiment of the present invention.

Fig. 15 is a perspective view showing an example of a
conductive beam that may be used in the electrical
interconnect system of the present invention.

Fig. 16(a) is a perspective view 6f a plurality of
flexible beams of a receiving-type interconnect component
each having a wire or cable interface foot portion.

Fig. 16(b) is a perspective view of an interconnect
system including plurality of flexible beams arranged to
interface with a wire or cable.

Fig. 17 is a perspective view showing the receiving-type
interconnect component of Fig. 14 in a mated condition.

Fig. 18 is a perspective view of a portion of a
receiving-type interconnect component in accordance with
another embodiment of the present invention.

Fig. 19 is a perspective view showing a projection-type
interconnect component received within a receiving-type
interconnect component.

Fig. 20 is a side view of a projection-type interconnect
component received within a receiving-type interconnect
component.

Fig. 21 is a perspective view of a portion of a
projection-type interconnect component having conductive
posts which vary in height.

Fig. 22 is a perspective view of several projection-type
interconnect components having different heights.

Fig. 23(a) is a perspective view of a first type of
zero-insertion force component in a first state.
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Fig. 23(b) is a perspective view of the zero-insertion
force component of Fig. 23(a) in a second state.

Fig. 24(a) is a perspective view of a second type of
zero-insertion force component in a first state.

Fig. 24(b) is a perspective view of the zero-insertion
force component of Fig. 24(a) in a second state.

Fig. 25(a) is a perspective view of a third type of
zero-insertion force component in a first state.

Fig. 25(b) is a perspective view of the zero-insertion
force component of Fig. 25(a) in a second state.

Fig. 26(a) is a perspective view of an interconnect
system including the interconnect component of Fig. 12 in a
position prior to mating, with the beams shown in an open
state.

Fig. 26(b) is a perspective view of an interconnect
system including the interconnect component of Fig. 12 in the
mated condition.

Fig. 27(a) is a perspective view of an interconnect
system including the interconnect component of Fig. 13(a) in
a position prior to mating.

Fig. 27(b) is a perspective view of another interconnect
system including the interconnect component of Fig. 13(a) in
a position prior to mating.

Fig. 28(a) is a perspective view of an electrical
interconnect system showing insulative electrical carriers
functioning as the substrates for the system.

Fig. 28(b) is a perspective view of another electrical
interconnect system showing insulative electrical carriers
functioning as the substrates for the system.

Fig. 29 is a top view of a prior art pin grid array.

Fig. 30 is a top view of an interconnect arrangement in
accordance with the present invention.

Fig. 31 is a top view of a portion of an interconnect
arrangement in accordance with the present invention.

Fig. 32 is a side view of a conductive beam having an

offset contact portion.
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Fig. 33(a) is a side view of a conductive post having
aligned stabilizing and foot portions.

Fig. 33(b) is a side view of a conductive post having an
offset foot portion.

Best Mode for Carrying Out the Invention

The electrical interconnect system of the present
invention includes a plurality of conductive posts arranged
in groups, with each group being interleaved or nested within
other groups of posts of the electrical interconnect system
‘to form an interleaved or nested arrangement of the groups of
contacts. Each group of conductive posts constitutes the
conductive section of a projection-type interconnect
component that is configured for receipt within a receiving-
type interconnect component which includes a plurality of
conductive beams. The conductive beams mate with the
conductive posts when the projection-type interconnect
component is received within the receiving-type interconnect
component.
The Projection-Type Interconnect Component

The projection-type interconnect component of the
present invention includes several electricaliy conductive
posts attached to an electrically insulative substrate. The
projection-type interconnect component may also include an
electrically insulative buttress around which the conductive
posts are positioned. The substrate and the buttress
insulate the conductive posts from one another so that a
different electrical signal may be transmitted on each post.

Fig. 5(a) is a perspective view of a portion of a
projection-type interconnect component 500 in accordance with
an embodiment of the present invention. The projection-type
interconnect component includes several conductive posts 501.
The projection-type interconnect component may also include
an insulative buttress 502, although use of a buttress in the
embodiment of Fig. 5(a) is not required. The conductive
posts and the buttress (when used) are attached to an
insulative substrate 503. The conductive posts are
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electrically isolated from one another by the substrate 503
and the buttress 502 (when used).

Fig. 5(b) is a side view of the buttress 502 and the
insulative substrate 503. The buttress 502 and the substrate
503 may be integrally molded from a single unit of insulative
material. Preferably, the material of the buttress and the
substrate is an insulative material that does not shrink when
molded (for example, a liquid crystal polymer such as Vectra,
which is a trademark of Hoescht Celanese). The conductive
posts 501 are inserted into the substrate 503 through holes
in the substrate represented by the dotted lines in
Fig. 5(b).

As seen from Fig. 5(b), the buttress 502 includes an
elongated portion 504 having a rectangular (e.g., square)
cross-section, and a tip portion 505 located at the top of
the elongated portion. The buttress dimensions shown in
Fig. 5(b) are exemplary and, accordingly, other dimensions
for buttress 502 may be used. For example, the cross-section
of the buttress 502 may be 0.5 mm by 0.5 mm rather than the
illustrated dimensions of 0.9 mm by 0.9 mm.

Each conductive post 501 includes three sections: a con-
tact portion, a stabilizing portion, and a foot portion. 1In
Fig. 5(a), the contact portion of each conductive post is
shown in a position adjacent the buttress 502. The
stabilizing portion (not shown in Fig. 5(b)) is the portion
of each post that is secured to the substrate 503. The foot
portion (not shown in Fig. 5(b)) extends from the side of the
substrate opposite the contact portion. The conductive posts
may have a rectangular (e.g., square) cross-section, or a
Cross-section that is triangular, semicircular, or some other
shape.

The three portions of each conductive post 501 can be
seen more clearly in Fig. 5(c), which is a side view of two
projection-type interconnect components 500 attached to the
substrate 503. In Fig. 5(c), reference numeral 507
designates the contact portion of each conductive post 501;
reference numeral 508 designates the stabilizing portion of
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each conductive post; and reference numeral 509 designates
the foot portion of each conductive post. When the
projection-type interconnect component 500 is received within
a receiving-type interconnect component, electrical signals
may be transferred from the foot portion of each conductive
post 501 through the stabilizing and contact portions of that
post to the receiving-type interconnect component, and vice
versa.

Each conductive post 501 may be formed of beryllium
copper, phosphor bronze, brass, a copper alloy, tin, gold,
palladium, or any other suitable metal or conductive
material. In a preferred embodiment, each conductive post
501 is formed of beryllium copper, phosphor bronze, brass, or
a copper alloy, and plated with tin, gold, palladium, or a
combination including at least two of tin, gold, and
palladium. The entire surface of each post may be plated, or
just a selected portion 506 corresponding to the portion of
conductive post 501 that will contact a conductive beam when
the projection-type interconnect component is received within
the receiving-type interconnect component.

One type of conductive post 501 that may be used in the
electrical interconnect system of the present invention is
shown in Fig. 6. The post 501 of Fig. 6 is a non-offset or
straight post, so-called because the respective surfaces A
and B of the contact portion 507 and stabilizing portion 508
which face in the direction of the buttress are in alignment
(i.e., surfaces A and B are coplanar).

Another type of conductive post that may be used in the
electrical interconnect system of the present invention is
shown in Fig. 7. The conductive post 501 of Fig. 7 is called
an offset post because the surface A of the contact portion
507 which faces in the direction of the buttress is offset in
the direction of the buttress as compared to the surface B of
the stabilizing portion 508 which faces in the direction of
the buttress. 1In the post 501 of Fig. 7, surfaces A and B
are not coplanar.
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The offset post of Fig. 7 is used in situations where
the buttress of projection-type interconnect component 500 is
extremely small, or the projection-type interconnect
component does not include a buttress, to achieve an ultra-
high density. 1In situations other than these, the straight
post of Fig. 6 may be used.

The different portions of each conductive post 501 each
perform a different function. The contact portion 507
establishes contact with a conductive beam of the receiving-
type interconnect component when the projection-type and
receiving-type interconnect components are mated. The
stabilizing portion 508 secures the conductive post to the
substrate 503 during handling, mating, and manufacturing.
The stabilizing portion 508 is of a dimension that locks the
post into the substrate 503 while allowing an adequate
portion of the insulative substrate to exist between adjacent
conductive posts. The foot portion 509 connects to an
interface device (e.g., a semiconductor chip, a printed wir-
ing board, a wire, or a round, flat, or flex cable) using the
electrical interconnect system as an interface. The contact
and foot portions may be aligned or offset with respect to
the stabilizing portion to provide advantages that will be
discussed in detail below.

The configuration of the foot portion 509 of each
conductive post 501 depends on the type of device with which
that foot portion is interfacing. For example, the foot
portion 509 will have a rounded configuration (Fig. 8) if
interfacing with a through-hole of a printed wiring board.
The foot portion 509 will be configured as in Fig. 5(c) if
interfacing with a printed wiring board through a surface
mount process.‘ If interfacing with a round cable or wire,
the foot portion 509 will be configured as in Fig. 9. Other
configurations may be used depending on the type of device
with which the foot portion 509 is interfacing.

Fig. 10 shows a foot portion 509 of a conductive post
configured for surface mounting on a printed wiring board
510. As shown in Fig. 10, the substrate 503 may be
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positioned at a right angle with respect to the printed
wiring board 510. This increases space efficiency and can
facilitate cooling of the components on the wiring board and/
or shorten various signal paths. Although not explicitly
shown in Fig. 10, the substrate 503 may be positioned at a
right angle with respect to the device with which the foot
portion is interfacing (e.g., a flex cable or a round cable)
regardless of the nature of the device. As seen from

Fig. 10, such positioning necessitates the bending of the
foot portion 509 at a right angle at a point 511 of the foot
portion.

Fig. 1l(a) illustrates a preferred arrangement of the
various foot portions 509 when several projection-type
electrical interconnect components 500 are attached to a
substrate 503 positioned at a right angle with respect to the
interface device (e.g., printed wiring board 510). With
reference to Fig. 11(a), each foot portion 509 extends out
from a vertical surface of substrate 503, and then bends
toward the surface of the interface device at a point 511 of
that foot portion. The foot portions 509 are bent such that
the foot portions contact the interface device in three
separate rows (i.e., rows C, D, and E of Fig. 11(b)).

Fig. 11(b) is a diagram showing that with three
interconnect components 500 arranged in two rows, the foot
portions 509 of such components can be arranged in three rows
(C, D, and E) using patterns which alternate. As shown in
Fig. 11(b), the foot portions 509 of alternating projection-
type components 500 contact pads 512 of the interface device
in "2-1-1" and "1-2-1" patterns. The alternating "2-1-1" and
"1-2-1" patterns arrange the foot portions into three rows
(C, D, and E), thereby decreasing signal path lengths,
increasing speed, and saving space.

It should be noted that one or more rows (e.g., two
additional rows) of interconnect components may be attached
to substrate 503 rather than just the two rows illustrated in
Fig. 11(a). If two additional rows of interconnect

components are positioned above the two rows of components
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500 illustrated in Fig. 11(a), for example, the foot portions
of the additional components would extend over the foot
portions of the lower two rows and then bend toward the
interface device 510 just like the foot portions of the lower
two rows. The alternating patterns formed by the additional
foot portions would be identical to the alternating patterns
illustrated in Fig. 11(b), but located further away from the
substrate 503 than the patterns of the lower two rows.

Fig. 12 shows that in an alternate embodiment, the
projection-type component 500 may include a cross-shaped
buttress 502 surrounded by a plurality of conductive posts
501. 1In Fig. 12, the foot portion 509 of each conductive
post 501 is configured for surface mounting on a printed wire
board with the substrate 503 positioned parallel to the
surface of the board. Although twelve conductive posts are
illustrated in Fig. 12, one for each vertical surface of the
buttress 502, either more or less than twelve conductive
posts may be positioned around the buttress. Except for the
‘arrangement and number of the conductive posts and the shape
of the buttress, the projection-type electrical interconnect
component of Fig. 12 is identical to the one shown in Fig
5(a). Thus, as with the embodiment of Fig. 5(a), the
projection-type interconnect component of Fig. 12 may be used
without buttress 502.

Fig. 13 (a) shows yet another alternate embodiment of the
projection-type component 500 wherein the tip portion of the
buttress 502 has two sloped surfaces instead of four sloped
surfaces, and each conductive post has the same width as a
side of the buttress 502. Except for the shape of the tip
portion and the number and width of the conductive posts 501
surrounding the buttress 502, the projection-type
interconnect component is identical to the one shown in
Fig. 5(a). Consequently, although two conductive posts are
illustrated in Fig. 13(a), either more or less than two
conductive posts may be positioned around the buttress 502.
Further, as with the embodiment of Fig. 5(a), the projection-
type interconnect component of Fig. 13(a) may be used without
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buttress 502. Also, the width of each conductive post 502
may be greater or lesser than the width of a side of the
buttress.

Fig. 13 (b) shows a projection-type interconnect
component 500 in accordance with the embodiment of the
present invention illustrated in Fig. 5(a). Fig. 13(b) also
shows a projection-type interconnect component 500 in
accordance with still another embodiment of the present
invention. The former interconnect component is the leftward
component shown in Fig. 13(b), and the latter interconnect
component is the rightward component shown in Fig. 13(b).

Fig. 13(c) shows a portion of the rightward interconnect
component with the tip portion of the component removed. The
interconnect component of Fig. 13(c) has several conductive
posts 501 each including a contact portion having a
triangular cross-section. The interconnect component of
Fig. 13(c) may also include a buttress 502 having a
substantially cross-shaped or X-shaped cross-section,
although the buttress may be eliminated if desired. The
embodiment of Fig. 13(c) allows close spacing between the
posts 501 and may use a buttress 502 having a reduced
thickness as compared to buttresses which may be used in
connection with other embodiments of the present invention.

The projection-type interconnect components shown in the
drawings are exemplary of the types of interconnect
components that may be used in the electrical interconnect
system of the present invention. Other projection-type
interconnect components are contemplated.

The Receiving-type Interconnect Component

The receiving-type electrical interconnect component of
the present invention includes several electrically
conductive beams attached to an insulative substrate. The
receiving-type electrical interconnect component is
configured to receive a projection-type electrical
interconnect component within a space between the conductive

beams. The substrate insulates the conductive beams from one
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another so that a different electrical signal may be
transmitted on each beam.

Fig. 14 illustrates a portion of a receiving-type
interconnect component 900 in accordance with an embodiment
of the present invention. The receiving-type component 900
comprises several electrically conductive, flexible beams 901
attached to an electrically insulated substrate (not shown in
Fig. 14). Preferably, the material of the substrate is an
insulative material that does not shrink when molded (for
example, a liquid crystal polymer such as Vectra, which is a
trademark of Hoescht Celanese). Portions of the conductive
beams 901 bend away from each other to receive the
projection-type interconnect component within the space
between the conductive beams.

Each conductive beam 901 may be formed from the same
materials used to make the conductive posts 501 of the
projection-type electrical interconnect component. For
example, each conductive beam 901 ma§ be formed of beryllium
copper, phosphor bronze, brass, or a copper alloy, and plated
with tin, gold, or palladium at a selected portion of the
conductive beam which will contact a conductive post of the
projection-type interconnect component when the projection-
type interconnect component is received within the receiving-
type interconnect component 900.

An example of a conductive beam 901 that may be used in
the electrical interconnect system of the present invention
is shown in Fig. 15. With reference to Fig. 15, each
conductive beam 901 of the present invention includes three
sections: a contact portion 902; a stabilizing portion 903;
and a foot portion 904.

The contact portion 902 of each conductive beam 901 con-
tacts a conductive post of the projection-type receiving
component when the projection-type receiving component is
received within the receiving-type interconnect component.
The contact portion 902 of each conductive beam includes an
interface portion 905 and a lead-in portion 906. The

interface portion 905 is the portion of the conductive
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portion 902 which contacts a conductive post when the
projection-type and receiving-type interconnect components
are mated. The lead-in portion 906 comprises a sloped
surface which initiates separation of the conductive beams
during mating upon coming into contact with the tip portion
of the buttress of the projection-type interconnect component
(or, when a buttress is not used, upon coming into contact |
with one or more posts of the projection-type interconnect
component) .

The stabilizing portion 903 is secured to the substrate
that supports the conductive beam 901. The stabilizing
portion 903 of each conductive beam prevents that beam from
twisting or being dislodged during handling, mating, and
manufacturing. The stabilizing portion 903 is of a dimension
that locks the beam into the substrate while allowing an
adequate portion of the insulative substrate to exist between
adjacent conductive beams.

The foot portion 904 is very similar to the foot portion
509 of the conductive post 501 described above in connection
with the projection-type interconnect component 500. Like
foot portion 509, the foot portion 904 connects to an
interface device (e.g., a semiconductor chip, a printed
wiring board, a wire, or a round, flat, or flex cable) which
uses the electrical interconnect system as an interface.

In the same manner as foot portion 509, the
configuration of the foot portion 904 depends on the type of
device with which it is interfacing. Possible configurations
of the foot portion 904 are the same as the possible
configurations discussed above in connection with the foot
portion 509 above. For example, Figs. 16(a) and 16 (b) show
the configuration of the foot portion 904 used when
interfacing with a round cable or wire 905. In particular,
Fig. 16(b) shows the receiving-type component 900 prior to
mating with the projection-type component 500, with the
conductive beams 901 attached to an insulative substrate 906,
and the foot portion 904 of each beam positioned for
interfacing with round wire or cable 905.
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Like foot portion 509, the foot portion 904 will be bent
at a right angle in situations where the substrate of the
receiving-type interconnect component is located at a right
angle with respect to the interface device with which the
foot portion 904 is interfacing. The contact and foot
portions of each conductive beam may be aligned or offset
with respect to the stabilizing portion to provide advantages
that will be discussed in detail below.

Fig. 17 shows the receiving-type interconnect component
900 in the mated condition. When the projection-type and
receiving-type interconnect components are mated, the contact
portions 902 of the conductive beams bend or spread apart to
receive the projection-type interconnect component within the
space between the contact portions of the conductive beams.

Fig. 18 illustrates an alternate embodiment of the
receiving-type interconnect component 900. Like the
embodiment of Fig. 17, the receiving-type interconnect
component 900 includes several electrically conductive,
flexible beams. In the embodiment of Fig. 18, however, the
contact portion 902 for two of the beams is longer than the
contact portion for the other two beams.

It should be noted that the configuration of the
receiving-type component depends on the configuration of the
projection-type interconnect component, or vice versa. For
example, if the projection-type interconnect component
comprises a cross-shaped buttress surrounded by conductive
posts, then the receiving-type component should be configured
to receive that type of projection-type interconnect
component.

Mating of the Interconnect Components

Fig. 19 shows a projection-type interconnect component
500 received within the conductive beams of a receiving-type
interconnect component 900. When the projection-type
interconnect component is received within the receiving-type
interconnect component in this fashion, such interconnect

components are said to be mated.
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The mated position shown in Fig. 19 is achieved by
moving the projection-type interconnect component 500 and the
receiving-type interconnect component 900 toward one another
in the direction of arrow I shown in Fig. 19. 1In the mated
position, the contact portion of each conductive beam exerts
a normal force against a contact portion of a corresponding
one of the conductive posts in a direction within plane N.

In Fig. 19, arrow I is perpendicular with respect to plane N.
The process of mating projection-type interconnect
component 500 with receiving-type interconnect component 900

will now be discussed with reference to Figs. 5(a), 14, 15,

19, and 20. Figs. 5(a) and 14 show the state of the
‘projection-type interconnect component 500 and the receiving-
type interconnect component 900 prior to mating. As can be
seen from Fig. 14, the contact portions 902 of the beams of
the receiving-type interconnect component are clustered
together before mating with the projection-type interconnect
component.

Next, the projection-type and receiving-type
interconnect components are moved toward one another in the
direction of the arrow I shown in Fig. 19. Eventually, the
lead-in portions 906 (Fig. 15) of each conductive beam 901
contact the tip portion of the buttress 502 (when used).

Upon further relative movement of the interconnect components
toward one another, the sloped configuration of the tip
portion causes the contact portions 902 of the conductive
beams to start to spread apart. Further spreading of the
contact portions 902 occurs with additional relative movement
between the interconnect components due to the sloped upper
surfaces of the conductive posts 501 of the receiving-type
component. Such spreading causes the conductive beams 901 to
exert a normal force against the conductive posts 501 in the
fully mated position (Figs. 19 and 20), thereby ensuring
reliable electrical contact between the beams and posts. 1In
Fig. 20, solid lines are used to show the condition of the
conductive beams in the mated position, while the dotted line
shows one of the conductive beams in its condition prior to
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mating. It should be noted that when a buttress is not used,
the initial spreading of the contact portions 902 is caused
by one or more posts 501 of the projection-type interconnect
component rather than a buttress tip portion.

The insertion force required to mate the projection-type
interconnect 500 within the receiving-type interconnect
component 900 is highest at the point corresponding to the
initial spreading of the conductive beams 901. The insertion
force required to mate the projection-type and receiving-type
interconnect components can be reduced (and programmed
mating, wherein one or more interconnections are completed
before one or more other interconnections, may be provided)
using a projection-type interconnect component having
conductive posts which vary in height. An example of such a
projection-type interconnect component is shown in Fig. 21.

As seen in Fig. 21, conductive posts 501 can be arranged
so that one pair of opposing posts has a first height, and
the other pair of opposing posts has a second height. 1In
essence, the configuration of Fig. 21 breaks the peak of the
initial insertion force into separate components occurring at
different times so that the required insertion force is
spread out incrementally over time as the mating process is
carried out.

Fig. 22 illustrates another way in which the required
insertion force can be spread out over time as mating occurs
(and in which programmed mating can be provided). With
reference to Fig. 22, different rows of projection-type
interconnect components 500 can have different heights so
that mating is initiated for different rows of the
interconnect components at different times. The rows may can
be alternately high and low in height, for example, or the
height of the rows can increase progressively with each row.
Also, the components within a given row may have different
heights. Further, the embodiments of Figs. 21 and 22 may be
combined to achieve an embodiment wherein different rows of
interconnect components vary in height, and the conductive
posts of each interconnect component within the different
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rows also vary in height. Also, the conductive beams 901 or
the contact portions 902 of each receiving-type interconnect
component could vary in length as in Fig. 17 to similarly
reduce the insertion force or provide programmed mating.

The insertion force can essentially be entirely
eliminated using a zero-insertion force receiving-type
interconnect component. Figs. 23(a) and 23(b) (collectively
referred to herein as Fig. 23) show a first type of zero-
insertion force component 700, while Figs. 24(a) and 24 (b)
(collectively referred to herein as Fig. 24) show a second
type of zero-insertion force component 800.

With reference to Fig. 23, zero-insertion force
interconnect component 700 includes a plurality (e.g., four)
of conductive beams 701 supported by an insulative substrate
702. The interconnect component 700 also includes a movable
substrate 703 and a bulbous member 704 fixed to the movable
substrate. The movable substrate may be manually operated,
or operated by machine. Also, the bulbous member may be
replaced by a straight member with no bulb.

Fig. 23(a) shows the initial state of the interconnect
component 700. Prior to mating the interconnect component
700 with a projection-type interconnect component, the
movable substrate 703 is moved upward as depicted in
Fig. 23(b) causing bulbous member 704 to spread apart the
conductive beams 701. By spreading the conductive beams 701
prior to mating, the insertion force normally associated with
the insertion of the projection-type interconnect component
is essentially eliminated. The bulbous member 704 moves back
into its original position in response to insertion of the
projection-type interconnect component or under the control
of a separate mechanical device such as a cam, thereby
releasing the beams of the receiving-type interconnect
component.

With reference to Fig. 24, zero-insertion force
interconnect component 800 includes a plurality (e.g., four)
of conductive beams 801 supported by an insulative substrate
802. Further, the interconnect component 800 includes a
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movable substrate 803 and a bulbous member 804 fixed to the
movable substrate. The movable substrate may be manually
operated, or operated by machine. Also, the bulbous member
may be replaced by a straight member with no bulb.

The zero-insertion force interconnect component of
Fig. 24 is essentially the same as the component shown in
Fig. 23 except that the movable substrate is located below
the fixed substrate and the fixed substrate includes an
aperture to allow movement of the bulbous member within that
substrate.

Fig. 24 (a) shows the initial state of the interconnect
component 800. Prior to mating the interconnect component
800 with a projection-type interconnect component, the
movable block 803 is moved upward as depicted in Fig. 24 (b)
causing member 804 to spread apart the conductive beams 801.
By spreading the conductive beams 801 prior to mating, the
insertion force normally associated with the insertion of the
projection-type interconnect component is essentially
eliminated. The bulbous member 804 moves back into its
original position in response to insertion of the projection-
type interconnect component or under the control of a
separate mechanical device such as a cam, thereby releasing
the beams of the receiving-type interconnect component.

Figs. 25(a) and 25(b) (collectively referred to herein
as "Fig. 25") show a third type of zero-insertion force
interconnect system 1000 in accordance with the present
invention. In the system of Fig. 25, the projection-type
interconnect component 500 includes several (e.g., three)
conductive posts 501 attached to an insulative substrate 503,
and the receiving-type component 900 includes several (e.g.,
three) conductive beams 901 attached to another insulative
substrate 906. The leftward post 501 in Figs. 25(a) and
25(b) is from a projection-type interconnect component other
than the projection-type interconnect component associated
with the remaining posts shown in Figs. 25(a) and 25(b).
Similarly, the leftward beam 901 in Figs. 25(a) and 25(b) is
from a receiving-type interconnect component other than the
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receiving-type interconnect component associated with the
remaining beams shown in Figs. 25(a) and 25(b).

Fig. 25(b) shows the interconnect system during the
mating process, and Fig. 25(a) shows the interconnect system
in the mated condition. Mating through use of the system of
Fig. 25 is performed as follows. First, substrate 503 and
substrate 906 are moved toward one another until the
condition shown in Fig. 25(b) is achieved. Next, the
substrates 503 and 906 are moved parallel to one another (for
example, by a cam or other mechanical device) until the
contact portions of the posts 501 and the contact portions of
the beams 901 contact or mate, as shown in Fig. 25(a).
Essentially no insertion force is required to achieve the
condition shown in Fig. 25(b) because the posts 501 and beams
901 do not contact one another until after the condition
shown in Fig. 25(b) is achieved.

Figs. 26(a) and 26 (b) illustrate the mating of the
cross-shaped projection-type interconnect component of
Fig. 12 within a corresponding receiving-type interconnect
component 900. The receiving-type interconnect component 900
of Figs. 26(a) and 26(b) includes, for example, twelve
conductive beams 901 for mating with the conductive posts of
the projection-type interconnect component. Fig. 26(a) shows
the interconnect system prior to mating (but with the beams
901 in the open condition), and Fig. 26 (b) shows the inter-
connect system in the mated condition.

Figs. 27(a) and 27(b) illustrate the mating of at least
one projection-type interconnect component 500 of Fig. 13(a)
within a corresponding receiving-type interconnect component
900. Each receiving-type interconnect component 900 of
Figs. 27(a) and 27(b) includes two conductive beams 901 for
mating with the two conductive posts of the projection-type
interconnect component. Fig. 27(b) shows the interconnect
system wherein the projection-type interconnect components
are located side-by-side, and Fig. 27(a) shows the intercon-
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nect system wherein the projection-type interconnect
components are arranged in a diamond-shaped or offset
configuration.

The Insulative Substrates

As explained above, the conductive posts of the
projection-type interconnect component are attached to an
insulative substrate 503. Likewise, the conductive beams of
the receiving-type component are attached to an insulative
substrate 906.

Figs. 28(a) and 28(b) (referred to collectively herein
as "Fig. 28") show an insulative electrical carrier function-
ing as the substrate 503 for the projection-type interconnect
component 500 and an insulative electrical carrier
functioning as the substrate 906 for the receiving-type
interconnect component 900. The carrier 503 in Fig. 28(b) is
arranged so that a right angle connection may be made using
the foot portions of projection-type interconnect component
500. The carrier 906 in Fig. 28(b), as well as the carriers
in Fig. 28(a), are arranged for straight rather than right
angle connections.

When used for surface mounting to a printed wire board,
for example, the foot portion of each post and/or beam being
surface mounted should extend beyond the furthest extending
portion of the substrate by approximately 0.3 mm. This
compensates for inconsistencies on the printed wiring board,
and makes the electrical interconnect system more flexible
and compliant.

The connectors of Fig. 28 are polarized so that the
chance of backward mating is eliminated. Keying is another
option which can differentiate two connectors having the same
contact count.

The Interconnect Arrangement

The present invention holds a distinct advantage over
prior art electrical interconnect systems because the
interconnect components of the present invention can be
arranged in a nested configuration far more dense than
typical pin grid arrays (PGAs) or edge connectors. Such a
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configuration is not contemplated by existing prior art
electrical interconnect systems.

A prior art pin grid array is shown in Fig. 29. 1In a
typical prior art pin grid array, several rows of post-type
interconnect components 101 are positioned on a support
surface. All of the posts 101 of the pin grid array within a
given row or column are separated from one another by a
distance X. In the pin grid array of fig. 29, the minimum
distance that X may be is approximately 2.5 mm. However, the
distance X may be as low as 1.25 mm when only two rows of
posts are used.

The present invention is capable of providing much
higher densities. Instead of using a grid or rows of
individual posts for connecting to respective individual
sockets, the electrical interconnect system of the present
invention arranges a plurality of contacts (e.g., conductive
posts) into groups, and then interleaves the groups among one
another for receipt of each group within a respective
receiving-type interconnect component. Thus, while prior art
interconnect systems function by interconnecting individual
pins with individual sockets, the present invention increases
density and flexibility by interconnecting whole groups of
posts with individual receiving-type interconnect components
in the most efficient manner possible.

In the present invention, several groups of holes 513
are formed in an insulated substrate 503 (Fig. 30). Each
group 514 is configured so that when conductive posts are
fitted within the holes, all of the posts of that group may
be received within a single receiving-type interconnect
component (e.g., the receiving-type interconnect component
shown in Fig. 14). Furthermore, the posts 501 of each group
are arranged in a configuration such that each group may be
interleaved or nested within other ones of the groups. 1In
other words, the posts 501 of each group 514 are arranged so
that portions of each group overlap into columns and rows of
adjacent groups of posts to achieve the highest possible
density while providing adequate clearance for the mating
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beams 901 of the receiving-type interconnect components. It
should be noted that while each group 514 of Fig. 30 may have
a buttress 502 located at a central portion of that group,
either in contact with posts 501 or not in contact with the
posts, one or more (e.g., all) of the groups may be without a
buttress.

As shown in Fig. 30, each group 514 may be formed in the
shape of a cross. However, other shapes (such as would
result from the components illustrated in Figs. 12, 13(a),
13(c), or 25, or other shapes that may be easily nested) are
contemplated. The grouping of posts 501 into the shape of a
cross (as in Fig. 30) aids in balancing beam stresses to keep
the conductive beams 901 of each receiving-type interconnect
component from being overly stressed. Further, the use of
cross-shaped groups results in alignment advantages not found
in prior art systems such as the pin grid array of Fig. 29.
For example, the cross-shaped groups of Fig. 30 each align
with beams 901 of a receiving-type interconnect component
900, causing the whole arrangement of Fig. 30 to be similarly
aligned.

The nesting of groups (e.g., cross-shaped groups) of
holes or posts allows adequate clearance between the posts
for receipt within the receiving-type interconnect
components, while decreasing to a minimum the space between
the posts. No prior art system known to the inventor
utilizes space in this manner. Furthermore, as explained
above, the inclusion of a buttress between the posts 501 of
each group 514 is optional. 1In the absence of a buttress,
each group of posts 501 is capable of spreading corresponding
conductive beams of the receiving-type interconnect component
during mating due to the sloped upper surfaces of the posts.

It should be noted that the nested configuration (an
example of which is shown in Fig. 30) eliminates the need for
providing insulative walls between the posts 501, although
such insulative walls may be used if desired. Further, by
arranging the posts 501 into groups (e.g., the cross-shaped
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groups 514 of Fig. 30), the foot portions of the projection-
type and receiving-type interconnect components for each
group may be arranged to enhance the layout and trace routing
of the interface devices (e.g., printed wire boards) being
interconnected.

The density of the interconnect arrangement of Fig. 30
depends on the configuration of the posts and beams, the
spacing between buttresses, and the size of the buttresses
used. As explained previously, the cross-section of each
buttress may be 0.9 mm by 0.9 mm, 0.5 mm by 0.5 mm, or some
other dimension. An arrangement wherein each buttress is 0.5
mm by 0.5 mm is shown in Fig. 31. Even higher densities may
be achieved when a buttress is not used.

Conductive posts 501, discussed previously, fit within
the holes 513 of the interconnect arrangement shown in
Fig. 30, and connect to corresponding beams 901, discussed
previously, of a receiving-type interconnect component. The
separate contact, stabilizing, and foot portions of the
conductive posts and beams operate to maximize the
effectiveness of the interconnect arrangement.

For example, as shown in Fig. 7, the contact portion 507
of each conductive post 501 may be offset in the direction of
the buttress. By offsetting the contact portion in this
fashion, a smaller buttress may be used, or the buttress may
be eliminated entirely. Accordingly, the density of the
electrical interconnect arrangement shown in Fig. 30 will be
increased using an offset post such as shown in Fig. 7.

When an offset type post (e.g., as in Fig. 7) is used,
the contact portion of the corresponding conductive beam may
also be offset. However, as shown in Fig. 32, the contact
portion 902 of the conductive beam 901 is generally offset
away from the buttress to decrease the amount of stress
exerted on the conductive beam and to minimize space used.
Through use of the offset post 501 of Fig. 7 in connection
with the offset beam 901 of Fig. 32, higher electrical
interconnect densities may be achieved.



WO 94/13034 - 28 - PCT/US93/11041

Like the contact portion, the foot portion of a
conductive post 501 or conductive beam 901 may be aligned
with or offset from its corresponding stabilizing portion.
Fig. 33(a) shows a conductive post 501 having a foot portion
509 aligned about the central axis of the stabilizing
portion, while Fig. 33 (b) shows a conductive post 501 having
a foot portion 509 offset from its stabilizing portion. The
alignment and offset shown in Figs. 33(a) and 33(b),
respectively, are equally applicable to each conductive beam
901.

The configuration of Fig. 33(a) is used, for example,
when the substrate 503 is arranged perpendicularly with
respect to the device with which the foot portion 509 is
interfacing. The configuration of Fig. 33(b), on the other
hand, may be used when a straight interconnect is being made
between a foot portion and the interface device, and there is
little room on the interface device for making a connection
to the foot. It should be noted that the foot portion of a
post may be aligned or offset with its corresponding
stabilizing portion to fit within a foot interface pattern
normally associated with a beam, or the foot portion of a
beam may be aligned or offset with its corresponding
stabilizing portion to fit within a foot interface pattern
normally associated with a post.

Other advantages result from the use of a post 501 and/
or beam 901 including separate contact, stabilizing, and foot
portions, and configurations of such portions other than
those discussed above are contemplated. For example, the
contact portion of a post or beam may be the same size as the
stabilizing portion of that post or beam as in Fig. 8 for
ease of manufacturing, or the contact portion may be smaller
(i.e., narrower) than the stabilizing portion as in Fig. 6 to
increase the density of the interconnect system.

In the situation where the contact portion is made
narrower than its corresponding stabilizing portion, the hole
(e.g., hole 513 of Fig. 30) in which the post or beam is

secured may be configured to have a different width or
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diameter at different levels. For example, the width or
diameter near the portion of K the hole through which the
contact portion protrudes may be narrower than the width or
diameter at the other side of the substrate through which the
foot portion protrudes. In this type of configuration, the
post or beam is inserted into the hole with the contact
portion entering first, and then pushed further into the hole
until the shoulder of the stabilizing portion abuts the
section of the hole having the narrower width or diameter.

By configuring the hole in this manner, over-insertion (i.e.,
insertion of the post or beam to the extent that the
stabilizing portion extends through the hole) may be
prevented.

Like the contact portion, the foot portion of each post
or beam may be the same size as the stabilizing portion of
that post or beam, or the foot portion may be smaller (i.e.,
narrower) than the stabilizing portion to interface with high
density interface devices and/or provide circuit design and
routing flexibility. In the situation where the foot portion
is made narrower than its corresponding stabilizing portion,
the hole (e.g., hole 513 of Fig. 30) in which the post or
beam is secured may be configured to have a different width
or diameter at different levels. For example, the width or
diameter near the portion of the hole through which the foot
portion protrudes may be narrower than the width or diameter
at the other side of the substrate through which the contact
portion protrudes. In this type of configuration, the post
or beam is inserted into the hole with the foot portion
entering first, and then pushed further into the hole until
the shoulder of the stabilizing portion abuts the section of
the hole having the narrower width or diameter. By
configuring the hole in this manner, over-insertion (i.e.,
insertion of the post or beam to the extent that the
stabilizing portion extends through the hole) may be

prevented.
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It should be noted that when the contact portion of a
post or beam is offset from the stabilizing portion (for
example, as shown in Fig. 7), the post or beam must be
inserted into the corresponding hole with the foot portion
entering first. Similarly, when the foot portion of a post
or beam is offset from the stabilizing portion, the post or
beam must be inserted into the corresponding hole with the
contact portion entering first.

The foot portion of each post or beam may be arranged in
many different configurations. For example, the foot portion
may have its central axis aligned with the central axis of
the stabilizing portion, as in Fig. 33(a). Alternatively,
the foot portion may be offset from the stabilizing portion
so that a side of the foot portion is coplanar with a side of
the stabilizing portion, as shown in Fig. 33(b).

Also, the foot portion of each post or beam may be
attached to different portions of the stabilizing portion.
For example, the foot portion may be attached to the middle,
corner, or side of a stabilizing portion to allow trace
routing and circuit design flexibility, and increased
interface device density.

Further variations of the foot portion of each post or
beam are contemplated. Within a given projection-type or
receiving-type interconnect component, the foot portions of
that component can be configured to face toward or away from
one another, or certain foot portions may face toward one
another while other ones of the foot portions face away from
one another. Likewise, the foot portions of a given
interconnect component may be arranged so that each foot
portion faces the foot portion to its immediate left, or so
that each foot portion faces the foot portion to its
immediate right.

Also, a secondary molding operation could be used to
bind the foot portions of one or more interconnect components
together. 1In this type of configuration, an insulative yoke
or substrate could be formed around the foot portions just

above the point at which the foot portions connect to the
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interface device to hold the foot portions in place, to aid
in alignment, and to protect the foot portions during
shipping.

Additionally, portions of the foot portions of the posts
and/or beams may be selectively covered with insulative
material to prevent shorting and to allow closer placement of
the foot portions with respect to one another (e.g., the
placement of the foot portions up against one another). This
type of selective insulating is especially applicable to
right angle connections such as shown in Fig. 11(a). With
reference to Fig. 11(b), such selective insulation of the
foot portions can be used to allow closer placement of all of
the foot portions within each component to one another.
Alternatively, such selective insulation can be used to allow
closer placement of only the foot portions within each
component that share the same row (e.g., rows C, D, and E of
Fig. 11(b)) to one another. Although the selective
insulation of the foot portions helps to prevent shorting
when these types of closer placements are made, such closer
placements may be made in the absence of the selective
insulation.

As can be seen from the foregoing description, the use
of posts and beams which include separate contact,
stabilizing, and foot portions maximizes the efficiency and
effectiveness of the interconnect arrangement of the present
invention. Further, the selective structure of the
conductive posts and beams allows flexibility in circuit
design and signal routing not possible through the use of
existing interconnect systems.

Manufacturing

The conductive posts of the projection-type interconnect
component and the conductive beams of the receiving-type
interconnect component may be stamped from strips or from
drawn wire, and are designed to ensure that the contact and
interface portions face in the proper direction in accordance
with the description of the posts and beams above. Both
methods allow for selective plating and automated insertion.
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The foot portions in the right angle embodiments protrude
from the center of the stabilizing section, thereby allowing
one pin die with different tail lengths to supply contacts
for all sides and levels of the electrical interconnect
system of the present invention. However, for maximum
density, the foot portions may be moved away from the center
of the stabilizing portion to allow maximum density while
avoiding interference between adjacent foot portions.

The stamped contacts can be either loose or on a strip
since the asymmetrical shape lends itself to consistent
orientation in automated assembly equipment. Strips can
either be between stabilizing areas or form a part of a
bandolier which retains individual contacts. The different
length tails on the right angle versions assist with
orientation and vibratory bowl feeding during automated
assembly. The present invention is compatible with both
stitching and gang insertion assembly equipment. The
insulative connector bodies and packaging have been designed
to facilitate automatic and robotic insertion onto printed
circuit boards or in termination of wire to connector.

Conclusion

The present invention provides an electrical
interconnect system that is higher in density, faster, less
costly, and more efficient than existing high-density
electrical interconnect systems. Accordingly, the present
invention is capable of keeping pace with the rapid advances
that are currently taking place in the semiconductor and
computer technologies.

It will be apparent to those skilled in the art that
various modifications and variations can be made in the
disclosed electrical interconnect system without departing
from the scope or spirit of the invention. Other embodiments
of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the
invention disclosed herein. It is intended that the
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specification and examples be considered as exemplary only,
with a true scope and spirit of the invention being indicated
by the following claims.
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Claims

1. An electrical interconnect system comprising:

an insulative substrate;

a plurality of groups of electrically conductive
contacts arranged on the substrate, each of the contacts
being electrically isolated from one another, and the groups
being interleaved among one another in a nested
configuration; and

a plurality of receiving-type interconnect components
each for receiving one of the groups of contacts within that
component, wherein the nested configuration of the groups of
contacts maintains the contacts in close proximity to one
another while allowing adequate clearance between the
contacts so that each group may be received within one of the
receiving-type interconnect components.

2. An electrical interconnect system according to
claim 1, wherein the contacts of each group form the shape of
a cross.

3. An electrical interconnect system according to
claim 1, wherein each receiving-type interconnect component
includes a plurality of contacts each for electrically
connecting to a contact of one of the groups of contacts
arranged in the nested configuration.

4. An electrical interconnect system according to
claim 1, wherein the contacts of different ones of the groups
are different in height.

5. An electrical interconnect system according to
claim 1, wherein the contacts of different ones of the
receiving-type interconnect components are different in
height.

6. An electrical interconnect system according to
claim 1, wherein each of the groups of contacts includes an
insulative buttress positioned between the contacts of that

group.
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7. An electrical interconnect system according to
claim 1, further comprising alignment means for aligning each
group of contacts with a corresponding one of the receiving-
type interconnect components upon contact between at least
one of the groups of contacts and its corresponding
receiving-type interconnect component.

8. An electrical interconnect system comprising:

an insulative substrate;

a plurality of groups of conductive contacts for
attaching to the substrate, each of the contacts comprising
independently adjustable portions including contact means for
determining a contact density of the electrical interconnect
system when the contacts are attached to the substrate, and
interface means for connecting that contact to at least one
of a plurality of interface devices having different contact
densities and/or different circuit routing paths.

9. An electrical interconnect system according to
claim 8, wherein each contact further comprises stabilizing
means for securing that contact to said substrate.

10. An electrical interconnect system according to
claim 8, wherein at least one of said contact means and said
interface means of each contact is offset toward a central
portion of the group including that contact relative to the
stabilizing means for that contact.

11. A projection-type interconnect component for use in
an electrical interconnect system, the projection-type
interconnect component being configured for receipt within a
receiving-type interconnect component of the electrical
interconnect system, the projection-type interconnect
component comprising:

a buttress, attached to a substrate, comprising an
electrically insulative material; and

a plurality of electrically conductive contacts
positioned around the buttress in electrical isolation from

one another.
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12. The projection-type interconnect component of
claim 11, wherein the plurality of conductive contacts
contact the buttress.

13. The projection-type interconnect component of
claim 11, wherein the substrate is also formed of
electrically insulative material and the contacts are
electrically isolated from one another by the insulative
material of the buttress and the substrate.

14. The projection-type interconnect component of
claim 11, wherein the buttress and the substrate are adjacent
components of an integrally formed unit made of the
electrically insulative material.

15. The projection-type interconnect component of
claim 11, wherein the electrically insulative material is a
liquid crystal polymer.

16. The projection-type interconnect component of
claim 11, wherein the buttress is substantially perpendicular
with respect to the substrate.

17. The projection-type interconnect component of
claim 11,
wherein the receiving-type interconnect component includes a
plurality of electrically conductive contacts having flexible
beam portions adjustable in position, and wherein the
buttress comprises:

an elongated portion surrounded by the contacts of the
projection-type interconnect component, the elongated portion
having a first eﬁd fixed to the substrate; and

positional adjustment means, located at a second end of
the elongated portion opposite the first end, for adjusting
the position of the flexible beam portions to enable receipt
of the projection-type interconnect component between the
contacts of the receiving-type interconnect component.

18. The projection-type interconnect component of
claim 17, wherein the elongated portion is at least as long
as the contacts of the projection-type interconnect
component.
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19. The projection-type interconnect component of
claim 17, wherein the positional adjustment means comprises
first separating means, responsive to relative movement
between the projection-type interconnect component and the
receiving-type interconnect component, for separating the
flexible beam portions of the contacts of the receiving-type
interconnect component to cause the flexible beam portions to
separate from one another by a first distance.

20. The projection-type interconnect component of
claim 19, wherein the plurality of contacts of the
projection-type interconnect component comprises second
separating means, responsive to further relative movement
between the projection-type interconnect component and the
receiving-type component, for separating the flexible beam
portions of the contacts of the receiving-type interconnect
component to cause the flexible beam portions to separate
from one another by a second distance.

21. The projection-type interconnect component of
claim 20, wherein the second separating means comprises
sloped surfaces located on opposite sides of the buttress.

22. The projection-type interconnect component of
claim 20, wherein the first separating means comprises at
least one sloped surface of the buttress, and the second
separating means comprises at least one sloped surface of the
plurality of contacts of the projection-type interconnect
component.

23. The projection-type interconnect component of
claim 20, wherein the first separating means comprises at
least one sloped surface of the buttress, the second
separating means comprises at least a first and a second
sloped surface of the plurality of contacts of the
projection-type interconnect component, and the first sloped
surface is positioned closer to the first separating means
than is the second sloped surface.
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24. The projection-type interconnect component of
claim 23, wherein the first and second sloped surfaces are
sloped surfaces of different ones of the plurality of
contacts of the projection-type interconnect component.

25. The projection-type interconnect component of
claim 17, wherein the elongated portion of the buttress has a
substantially rectangular, four-sided cross-section, and at
least one of the plurality of contacts of the projection-type
interconnect component is located at one of the four sides of
the buttress.

26. The projection-type interconnect component of
claim 17, wherein the elongated portion of the buttress has a
substantially cross-shaped cross-section, and at least one of
the plurality of contacts of the projection-type interconnect
component is located at one of the sides of the buttress.

27. The projection-type interconnect component of
claim 17, wherein the elongated portion of the buttress has a
substantially rectangular, four-sided cross-section, and at
least one of the plurality of contacts of the projection-type
interconnect component is located at each of two opposing
sides of the buttress.

28. The projection-type interconnect component of
claim 27, wherein the elongated portion of the buttress has a
substantially cross-shaped cross-section, and at least one of
the plurality of contacts of the projection-type interconnect
component is located at each of two opposing sides of the
buttress.

29. The projection-type interconnect component of
claim 11, wherein each of the plurality of contacts of the
projection-type interconnect component comprises:

a contact portion for contacting a contact of the
receiving-type interconnect component when the projection-
type interconnect component is received within the receiving-
type component;

a stabilizing portion, anchored within the substrate,
for preventing displacement of the contact portion; and
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a foot portion, located below the substrate, for
performing a circuit interface function.

30. The projection-type interconnect component of
claim 29, wherein the contact portion, the stabilizing
portion, and the foot portion of each contact of the
projection-type interconnect component are centered around a
single axis of that contact.

31. The projection-type interconnect component of
claim 29, wherein the stabilizing portion and the foot
portion of each contact of the projection-type interconnect
component are centered around a single axis of that contact,
and the contact portion of that contact is offset from the
axis in the direction of the buttress.

32. The projection-type interconnect component of
claim 29, wherein the foot portion has a flattened end for
interfacing with one of a wire or a flat flexible cable.

33. The projection-type interconnect component of
claim 29, wherein the foot portion has a rounded end for
interfacing with a plated hole in a printed wiring board.

34. The projection-type interconnect component of
claim 11, wherein each of the plurality of contacts
comprises:

a conductive post; and

conductive plating, formed on only a portion of a
surface of the post, for contacting a contact of the
receiving-type interconnect component when the projection-
type interconnect component is received within the receiving-
type component.

35. The projection-type interconnect component of
claim 34, wherein the conductive post comprises at least one
of beryllium copper, phosphor bronze, brass, or a copper
alloy.

36. The projection-type interconnect component
according to claim 34, wherein the conductive plating
comprises at least one of palladium, tin, or gold.

37. The projection-type interconnect component
according to claim 34, wherein the conductive plating is
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formed only on the portion of the surface of the post used
for contacting a contact of the receiving-type interconnect
component .

38. A receiving-type interconnect component for use in
an electrical interconnect system, the receiving-type
interconnect component being configured to receive a
projection-type interconnect component of the electrical
interconnect system, the receiving-type interconnect
component comprising:

a substrate; and

receiving means, comprising a plurality of electrically
conductive contacts supported by the substrate, for receiving
the projection-type interconnect component, each of the
contacts comprising a flexible beam portion having a contact
surface facing a position located between a plurality of the
contacts and contacting an electrically conductive contact of
the projection-type interconnect component when the
projection-type interconnect component is received within the
receiving-type interconnect component.

39. The receiving-type interconnect component of
claim 38, wherein the contacts rest against one another prior
to receipt of the projection-type interconnect component
within the receiving-type interconnect component.

40. The receiving-type interconnect component of
claim 38, wherein the contacts are disposed apart from one
another prior to receipt of the projection-type interconnect
component within the receiving-type interconnect component.

41. The receiving-type interconnect component of
claim 38, wherein the projection-type interconnect component
inc%udes contacts, and wherein the contacts of the receiving-
type>interconnect component each comprise force exerting
means for exerting a normal force against one of the contacts
of the projection-type interconnect component when the
projection-type interconnect component is received within the
receiving-type interconnect component.

42. The receiving-type interconnect component of

claim 38, wherein the flexible beam portions are initially in
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close proximity to one another and separate in response to
insertion of the projection-type interconnect component into
the receiving-type interconnect component, and the force
exerting means each exert a normal force against a respective
one of the contacts of the projection-type interconnect
component in response to the separation of the flexible beam
portions.

43. The receiving-type interconnect component of
claim 38, further comprising zero force inserting means for
separating the flexible beam portions prior to insertion of
the projection-type interconnect component into the
receiving-type interconnect component, and for releasing the
flexible beam portions after insertion of the projection-type
interconnect component into the receiving-type interconnect
component .

44. The receiving-type interconnect component of
claim 43, wherein the zero force inserting means comprises a
member, located between the flexible beam portions, for
separating the flexible beam portions in response to relative
movement between the member and the flexible beam portions.

45. The receiving-type interconnect component of
claim 44, wherein the member is a bulbous member.

46. The receiving-type interconnect component of
claim 44, wherein the member is a straight member.

47. The receiving-type interconnect component of
claim 38, wherein each of the plurality of contacts of the
‘receiving-type interconnect component comprises:

a contact portion for contacting a contact of the
projection-type interconnect component when the projection-
type interconnect component is received within the receiving-
type component;

a stabilizing portion, anchored within the substrate,
for preventing displacement of the contact portion; and

a foot portion, located below the substrate, for

performing a circuit interface function.
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48. The receiving-type interconnect component of
claim 47, wherein the contact portion, the stabilizing
portion, and the fcot portion of each contact of the
receiving-type interconnect component are centered around a
single axis of that contact.

49. The receiving-type interconnect component of
claim 47, wherein the stabilizing portion and the foot
portion of each contact of the receiving-type interconnect
component are centered around a single axis of that contact,
and the contact portion of that contact is offset from the
axis in a direction away from the buttress.

50. The receiving-type interconnect component of
claim 47, wherein the foot portion has a flattened end for
interfacing with one of a wire or a flat flexible cable.

51. The receiving-type interconnect component of
claim 47, wherein the foot portion has a rounded end for
interfacing with a plated hole in a printed wiring board.

52. The receiving-type interconnect component of
claim 48, wherein each of the plurality of contacts
comprises:

a conductive post; and

conductive plating, formed on only a portion of a
surface of the post, for contacting a contact of the
projection-type interconnect component when the projection-
type interconnect component is received within the receiving-
type component.

53. The receiving-type interconnect component according
to claim 52, wherein the conductive post comprises at least
one of beryllium copper, phosphor bronze, brass, or a copper
alloy.

54. The receiving-type interconnect component according
to claim 52, wherein the conductive plating comprises at
least one of palladium, tin, gold, or another conductive
material.

55. The receiving-type interconnect component according

to claim 52, wherein the conductive plating is formed only on
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the portion of the surface of the post used for contacting a
contact of the projection-type interconnect component.

56. An electrical interconnect system comprising:

a projection-type interconnect component including:

a buttress, attached to a substrate, comprising an
‘electrically insulative material, and

a plurality of electrically conductive contacts
positioned around the buttress in electrical isolation from
one another; and

a receiving-type interconnect component including:

means for receiving the projection-type
interconnect component.

57. The electrical interconnect system of claim 56,
wherein the plurality of conductive contacts are positioned
around the buttress in contact with the buttress.

58. The electrical interconnect system of claim 56,
wherein the receiving means comprises a plurality of
electrically conductive contacts each having a flexible beam
portion for contacting a respective one of the contacts of
the projection-type interconnect component.

59. The electrical interconnect system of claim 56,
wherein the buttress is substantially perpendicular with
respect to the substrate.

60. The electrical interconnect system of claim 58,
wherein the buttress comprises:

an elongated portion surrounded by the contacts of the
projection-type interconnect component, the elongated portion
having a first end fixed to the substrate; and

positional adjustment means, located at a second end of
the elongated portion opposite the first end, for adjusting
the position of the flexible beam portions to enable receipt
of the projection-type interconnect component between the
contacts of the receiving-type interconnect component.

61. The electrical interconnect component of claim 60,
wherein the elongated portion is at least as long as the
contacts of the projection-type interconnect component.
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62. The electrical interconnect system of claim 60,
wherein the positional adjustment means comprises first
separating means, responsive to relative movement between the
projection-type interconnect component and the receiving-type
component, for separating the flexible beam portions of the
contacts of the receiving-type interconnect component to
cause the flexible beam portions to separate from one another
by a first distance.

63. The electrical interconnect system of claim 60,
wherein the plurality of contacts of the projection-type
interconnect component comprises second separating means,
responsive to further relative movement between the
projection-type interconnect component and the receiving-type
component, for separating the flexible beam portions of the
contacts of the receiving-type interconnect component to
cause the flexible beam portions to separate from one another
by a second distance.

64. The electrical interconnect component of claim 62,
wherein the second separating means comprises sloped surfaces
located on opposite sides of the buttress.

65. The electrical interconnect system of claim 62,
wherein the first separating means comprises at least one
sloped surface of the buttress, and the second separating
means comprises at least one sloped surface of the plurality
of contacts of the projection-type interconnect component.

66. The electrical interconnect system of claim 62,
wherein the first separating means comprises at least one
sloped surface of the buttress, the second separating means
comprises at least a first and a second sloped surface of the
plurality of contacts of the projection-type interconnect
component, and the first sloped surface is positioned closer
to the first separating means than is the second sloped
surface.

67. The electrical interconnect system of claim 66,
wherein the first and second sloped surfaces are sloped
surfaces of different ones of the plurality of contacts of
the projection-type interconnect component.
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68. The electrical interconnect system of claim 59,
wherein the contacts of the receiving-type interconnect
component each comprise force exerting means for exerting a
normal force against one of the contacts of the projection-
type interconnect component when the projection-type
interconnect component is received within the receiving-type
interconnect component.

69. The electrical interconnect system of claim 68,
wherein the flexible beam portions are initially in close
proximity to one another and separate in response to
insertion of the projection-type interconnect component into
the receiving-type interconnect component, and the force
exerting means each exert a normal force against a respective
one of the contacts of the projection-type interconnect
component in response to the separation of the flexible beam
portions.

70. The electrical interconnect system of claim 56,
wherein at least two of the flexible beam portions differ in
length.
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