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Description

Background of the Invention

[0001] The present invention relates generally to
pressure contact connectors, and more particularly to a
land grid array ("LGA") connector that uses a plurality
of wires as contacts that are held in a flexible body por-
tion of the connector.
[0002] The electronics industry has seen a large
growth in the past few years of reduced-size electronic
devices and appliances, such as laptop computers and
the like. The industry is always seeking to reduce the
size of these components and to increase their function-
ality and capability. Both aims are accomplished by in-
creasing the density of circuits on components of the
device. Although the number of circuits established on
a chip or circuit board may be increased, care must be
taken to ensure that a reliable interconnection is estab-
lished between the high density component and another
component of the device.
[0003] These high-density interconnections are used
for microprocessor, ASIC and other types of chips and
may also be used to provide a connector between two
circuit boards. Ball Grid Array ("BGA") packages have
been used as high-density interconnections for these
type applications. In BGA style packages, pads are
formed in a substrate and small, spherical balls of solder
are placed in contact with the pads. These balls are then
heated to provide connections between the chip and an-
other circuit board. However, these balls often exhibit
poor circuit board compliance and mechanical proper-
ties in effecting contact between the chip and the op-
posing circuit board. They are not always suitable to
overcome variations that may occur in the substrate
printed circuit board. Additionally, once the balls are
heated to provide solder connections, the chip cannot
be easily removed to correct any defect in the soldering,
without reworking all of the solder balls and reflowing
the ball grid array to the printed circuit board in another
attempt to provide a reliable connection. Thus, it can be
appreciated that the use of a BGA solder package does
not provide a separable device interface.
[0004] Land grid array (LGA) connectors have been
developed for such applications and they provide circuit
paths between the device and the circuit board involving
the use of conductive leads, such as formed metal con-
tacts, that are typically embedded in a rigid plastic sub-
strate to connect lands, or pads on a printed circuit board
to the solder balls, or lands, that may be formed on a
chip or other device. These lands are formed in a par-
ticular pattern in opposition to the solder balls/lands of
the component to which the connector is mated. These
LGA connectors offer numerous advantages over BGA
devices in that they provide to the circuit or system de-
signer, a separable interface between the chip/chip
package and a circuit board that BGA devices cannot
provide because they are soldered to circuit boards to

effect their connections. However, in LGA connectors,
each conductive lead must exert a particular spring
force that should be maintained in order to establish a
reliable interconnection to a device.. A clamping force
must be exerted against a chip to retain it in contact with
the connector. Chips having contacts in excess of 1000
contacts may require a contact force of well over a hun-
dred pounds.
[0005] U.S. Patent No. 4,998,885, issued March 21,
1991 describes such a style of connector in which wires
with ball-shaped end portions are embedded within an
elastomeric pad. However, the elastomeric pad must be
precisely scored to a controlled depth by a laser in the
area between the wires in order to increase the flexibility
of the wires and the ball-shaped end portions thereof.
Cutting these lines too deep in the elastomeric pad
presents a risk of weakening the elastomer that sup-
ports the wires and possibly create unreliable contacts,
in that some of the wires may buckle and thereby not
fulfill their individual resilient mating functions. This not
only complicates the manufacture of, but also increases
the cost of manufacture of such connectors.
[0006] Document EP-A-0 574 793 discloses a method
of making a pressure contact connector comprising a
rigid frame with an opening and with a substrate at-
tached to the frame. A plurality of contacts are formed
in the substrate.
[0007] The present invention is therefore directed to
an improved LGA connector and method of making the
connector that overcomes the aforementioned disad-
vantages.

Summary Of The Invention

[0008] Accordingly, it is a general object of the present
invention to provide an LGA connector having a flexible
body portion that supports a plurality of resiliently de-
formable contacts arranged in a high-density pattern so
as to ensure a reliable connection between the connec-
tor and an opposing component or device.
[0009] Another object of the present invention is to
provide a high density LGA connector having a resilient
body portion that is reinforced by a reinforcement layer
interposed between two elastomeric layers, and a plu-
rality of contacts disposed in an array within the body
portion, the contacts having free ends that extend above
opposing surfaces of the body portion.
[0010] Another object of the present invention is to
provide a reliable, high density LGA connector having a
resilient body portion that is reinforced by a fabric extent
interposed between two elastomeric layers, and a plu-
rality of contacts disposed in an array within the body
portion, the contacts having free ends that extend above
opposing surfaces of the body portion.
[0011] Still another obj ect of the present invention is
to provide an LGA connector wherein the connector has
a flexible body portion that supports a plurality of con-
ductive wire contacts formed as flexible loops, having
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free ends that extending past opposing sides of the con-
nector body portion.
[0012] Yet still another object of the present invention
is to provide a pressure-activated connector having a
fabric substrate encapsulated within an elastomer, the
connector having a plurality of thin, resilient contacts
disposed on the fabric substrate in a predetermined ar-
ray and extending through the substrate, the contacts
being formed as thin filaments of wire folded upon them-
selves into a dual-strand loop, the contacts having free
ends that extend on opposite sides of the substrate.
[0013] A still further object of the present invention is
to provide a LGA connector for high density applica-
tions, wherein the connector includes a frame that en-
compasses a central body portion, the body portion in-
cluding at least one elastomeric extent that is reinforced
by a reinforcement member at least partially embedded
therein, the connector having a plurality of conductive
contacts disposed in an array within the body portion,
the contacts being formed from thin, conductive wires
that are inserted into the central body portion, the con-
tacts being formed as open loops that define intercon-
nected, redundant circuit paths for each contact.
[0014] Yet still another object of the present invention
is to provide a pressure-activated connector having a
flexible body portion that is supported by a connector
frame member, the frame member extending around the
flexible body portion and defining the perimeter of the
connector, the connector having at least one recess
formed therein that forms a partial receptacle for a chip
or chip package, and the flexible body portion including
an elastomeric extent presented on at least one surface
of the body portion, the elastomeric extent being rein-
forced by a fabric extent to which the elastomeric extent
is attached, both of the elastomeric extent and the fabric
extent having similar dimensions so as to impart uniform
characteristics to the body portion throughout its entire
area, and the connector including a plurality of conduc-
tive contacts that are inserted into the body portion of
the connector, the contacts including conductive wire
lengths that are stitched into the body portion, while bent
upon themselves to thereby form two, adjacent and re-
dundant circuit paths extending through the connector
body portion, the contacts having free ends that project
outwardly on opposite sides of the body portion for con-
tacting two different electronic components, the con-
tacts being supported by the body portion at approxi-
mately the mid-sections thereof.
[0015] Yet another object of the present invention is
to provide a method for making an improved LGA con-
ductor including the steps of: forming a pliable connector
body portion by capturing a reinforcement member with-
in an elastomer, supporting it on a support member,
passing a length of conductive wire through center of a
hollow insertion tool, stitching the length of wire into the
connector body portion by moving the insertion tool into
and out of penetrating contact with the body portion,
while further cutting the wire after each such insertion

so as to deposit a conductive wire in the body portion
that has at least one free end that projects above a sur-
face of the connector body portion.
[0016] A further object of the present invention is to
provide a pressure-activated connector having a flexible
body portion held within a rigid frame, the connector
having a plurality of contacts embedded in the body por-
tion, the contacts being inserted in the body portion as
a pair of interconnected strands of conductive wire
formed as open loops, each open loop having two free
ends that extend past exterior, opposing surfaces of the
connector body portion, the free end portions being an-
gled sideways in an offset pattern matching the pattern
of an opposing circuit component, the angling of the
wires increasing the contact lengths thereof and pre-
senting a knife edge to contact pads of opposing com-
ponents.
[0017] Still a further object of the present invention is
to provide an improved LGA connector having a flexible
connector body portion formed from an elastomer, the
body portion being supported on a frame and containing
a plurality of individual conductive contacts, the contacts
being formed as wire loops to provide a pair of redun-
dant, conductive circuit paths in the connector body por-
tion, the body portion having a plurality of openings each
of which receives a wire loop therein, the wires that form
the loop extending through the body portion on opposite
sides of a centerline of the opening.
[0018] The present invention accomplishes these and
other objects by way of its unique and novel structure.
[0019] In one principal aspect of the present invention
and as exemplified by one embodiment thereof, the con-
nector includes a flexible connector body portion that is
supported in a tight outer frame. The flexible connector
body portion utilizes a reinforcement member as a sub-
strate, and to which an elastomer is applied. As exem-
plified by a first embodiment of the invention, the elas-
tomer is positioned on both surfaces of a fabric extent
that is used as the reinforcement member so that it pref-
erably fills the interstices of the fabric to elastomer pro-
vides a self-sealing support surface on both sides of the
fabric extent while the fabric extent provides reinforce-
ment to the elastomer. The manner in which the elas-
tomer attaches to the fabric extent may be an encapsu-
lation, a lamination or layering.
[0020] Conventional fabrics may be used for the fabric
extent, such as those which are woven in a conventional
manner having warps and wefts (or fills) interlaced to-
gether, either in a uniform or staggered pattern, and it
is contemplated that even non-woven fabrics, such as
knitted fabrics, felts and the like may be used for rein-
forcement, provided that the elastomer used may bond
or otherwise attach itself to the fabric extent in a manner
to intimately contact the fabric extent and provide a re-
silient body as the connector body portion.
[0021] Thin wires are arranged in the connector body
portion in a predetermined array and are inserted into
the fabric substrate by passing them through a needle
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and inserting the needle in and out of the substrate so
as to "stitch" the wire contacts in place in the connector
body portion. The wires are bent upon themselves so
that a contact is formed and inserted into the connector
body portion that has the form of an open loop. The elas-
tomer has a consistency sufficiently resilient to grab and
hold the wires as they are stitched through the connector
body portion, and the fabric extent has a consistency
sufficient to provide reinforcement or a measure of rigid-
ity to the elastomer.
[0022] In an alternate embodiment of the invention,
the elastomer may be applied to only one surface of the
reinforcement member. In still another embodiment of
the present invention, the reinforcement member may
utilize a solid sheet of film, preferably a polymer film,
and most preferably a polyamide film such as that sold
by E.I. DuPont under the trade name "Kapton". Such
films have a desired durability and do not fray as fabrics
may, and the holes for the wire contacts may be easily
formed therein by a laser to "burn" them through the en-
tire body portion of the connector.
[0023] In another principal aspect of the present in-
vention, the contacts are formed by stitching pairs of
wires into the substrate, the pairs being formed from sin-
gle wire strands that are bent them upon themselves at
one end thereof to form dual strand wire lengths, or open
loops, with the strands having a bend formed therein at
one end thereof, while having two ends of the wire
spaced close together or adjacent one another at the
other end of the contact, so that one free end of each
contact preferably has a loop configuration while the
other free end of the contact has the butt ends of two of
the wire strands. The wires extend past the substrate in
a predetermined distance sufficient to provide a plurality
of resilient contact beams that flex under pressure of an
opposing component, such as a chip, so that Hertzian
contact occurs between the contacts and the opposing
contact pads on the circuit board. The wires may be bent
in a certain direction to define a deflection direction,
rather than relying upon buckling of the wires to provide
the movement under deflection. The dual nature of the
wire strands, whether they have a circular or rectangu-
lar/square cross-section, provide each contact of the
connector with redundant circuit paths. Solder balls may
be attached to the ends of the wire strands to provide
contact faces for the contacts.
[0024] In still another principal aspect of the present
invention, a length of each wire is passed through the
center of an insertion tool that takes the form of a hollow
needle, or tube, and bent upon itself to form a loop prior
to the needle making an insertion stroke through the
connector body portion. The insertion tool is then with-
drawn, leaving a double strand wire held in the connec-
tor body portion at approximately the mid-section of the
strands so that the free ends of the contacts extend past
the two opposite surfaces of the connector body portion
for approximately the same length. At a preselected dis-
tance in the removal of the insertion tool, the wires are

cut to form a dual strand, free end of the connector con-
tact, so that a pair of conductive paths are established
for each contact in a single insertion and removal stroke
of the insertion tool, thereby providing the connector
with redundancy and lower inductance.
[0025] In yet still another principal aspect of the
present invention, the insertion tool is provided with a
tip being formed so that the wire may exit from the center
of the tool but from the side of the tip. This tool may have
an angled tip with a single point, or it may have multiple
points that are aligned with each other in order to bal-
ance the insertion force on the tool as it penetrates the
elastomer and, if present, its reinforcement member.
[0026] In yet another principal aspect of the present
invention, a plurality of holes may be formed in connec-
tor body such as by cutting them with a laser, slitting the
body portion with a knife, or pre-punching the body por-
tion to form the holes. Once formed, the contacts are
inserted into the holes. In another embodiment of the
invention, the laser or punching process may be used
to form a series of openings in the connector body por-
tion and that body portion may utilize either a reinforced
flexible body portion in which a fiber array or a film is
used as a substrate to support one or two layers of an
elastomer thereon, or the body portion may utilize only
the aforementioned film.
[0027] These and other objects, features and advan-
tages of the present invention will be clearly understood
through consideration of the following detailed descrip-
tion.

Brief Description Of The Drawings

[0028] In the course of the following detailed descrip-
tion, reference will be frequently made to the accompa-
nying drawings in which like reference numbers refer to
like parts and in which:

FIG. 1 is a perspective view of an improved LGA
connector constructed in accordance with the prin-
ciples of the present invention with an electronic
component aligned with and spaced apart from a
nesting recess of the connector;
FIG. 1A is an enlarged detail view of area a in FIG.
1 illustrating the exposed free ends of the wire con-
tacts of the connector;
FIG. 2 is a perspective view of the other side (typi-
cally the "bottom" side) of the connector of FIG. 1;
FIG. 2A is an enlarged detail view of area a of FIG.
2, illustrating the other exposed free ends of the wire
contacts of the connector;
FIG. 3A is a top plane view of a frame member used
in the connectors of FIG. 1;
FIG. 3B is a cross-sectioned view of a portion of the
frame member of FIG. 2A, taken along line B-B
thereof;
FIG. 3C is a cross-sectioned view of a portion of the
frame member of FIG. 3A, taken along line C-C
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thereof;
FIG. 4 is a bottom plan view of the frame member
of FIG. 3A;
FIG. 5 is a perspective view of the frame member
of FIG. 3A and a fabric substrate in position for in-
sertion into the frame member opening;
FIG. 6A is a top plane view of the connector frame
assembly of FIG. 1, with the fabric substrate in place
of the support layers molded thereto;
FIG. 6B is a cross-sectional view of a portion of the
connector frame assembly of FIG. 6A, taken along
line B-B thereof;
FIG. 6C is a cross-sectional view of a portion of the
connector frame assembly of FIG. 6A, taken along
line C-C thereof;
FIG. 6D is an enlarged detailed view of area D of
FIG. 6A;
FIG. 7A is a top plane view of the connector frame
assembly of FIG. 6A, but with conductive wire con-
tacts in place thereon;
FIG. 7B is a cross-sectional view taken along line
B-B of FIG. 7A, illustrating a portion of the connector
and further illustrating the wire contacts in their ini-
tial orientation within the connector body portion
and prior to bending of the wire contacts;
FIG. 7C is a cross-sectional view of the connector
of FIG. 7A taken along line C-C thereof;
FIG. 7D is a cross-sectional view of the connector
of FIG. 7A illustrating one arrangement of the wire
contacts within the connector body portion after
their bending to orient the contacts in two directions;
FIG. 8 is a cross-sectional view of an alternate man-
ner of mounting the fabric substrate to the connec-
tor frame;
FIG. 9 is a cross-sectional view of a portion of the
connector elastomeric substrate illustrating the fab-
ric reinforcement thereof;
FIG. 10A is a diagrammatic sectional view of a con-
tact stitching tool having a single point used in as-
sembling the connectors with the conductive wire
threaded therethrough;
FIG. 10B is a diagrammatic sectional view of the
contact stitching tool of FIG. 10A after bending of
the wire;
FIG. 11 is a diagrammatic view of the tool of FIG.
10, entering the connector substrate;
FIG. 12 is a diagrammatic view illustrating how the
tool of FIG. 10 penetrates the flexible body of the
connector and initially advances a predetermined
length of the contact wire;
FIG. 13 is a diagrammatic view illustrating the tool
being removed from its penetration through the con-
nector flexible body;
FIG. 14 is a diagrammatic view of the tool withdraw-
ing from near the surface of the connector flexible
body while paying out the contact wire from the tool
into a position ready for trimming;
FIG. 15 is a diagrammatic section of a view illustrat-

ing the contact wire in place within the connector
flexible body and severed from the wire supply and
the insertion tool;
FIG. 16 is a diagrammatic view of a contact free
end-forming member brought into contact with the
contacts after insertion into the body portion; and,
FIG. 17 is a detailed view of wires used as contacts
which have a non-circular cross-section;
FIG. 18 is a detailed sectional view of a portion of
the connector of FIG. 1, in place between a chip and
a circuit board, illustrating the manner of conduct
effected by the connector contacts;
FIG. 19A is a side view of an alternate construction
of an insertion tool that may be used to insert the
conductive wires into the flexible body portions of
the connectors of the invention
FIG. 19B is a perspective view of the tip end of the
insertion tool off FIG. 19A;
FIG. 19C is a detailed cross-sectional view of a por-
tion of a connector of the invention with the insertion
tool of FIG. 19A inserted partially therein to;
FIG. 20 is a cross-sectional view of an alternate em-
bodiment of a connector constructed in accordance
with the principles of the present invention;
FIG. 21 is a detail view, partly in section, of a body
portion for use with the connectors of the invention
that has a solid reinforcement member disposed
therein;
FIG. 22 is a partial sectional view of a connector
body portion in place within the connector and being
subjected to a punching member to form openings
therein for the connector contacts;
FIG. 23 is a diagrammatic elevational view partly in
section of an insertion tool aligned with an opening
in the connector body portion of connectors of the
present invention;
FIG. 24A is a diagrammatic plan view of FIG. 23
taken along lines 24-24 thereof, illustrating the ori-
entation of parts where round wire is used for the
connector contacts;
FIG. 24B is a diagrammatic plan view of FIG. 23
taken along lines 24-24 thereof, illustrating the ori-
entation of parts where rectangular wire is used to
form the connector contacts;
FIG. 25 is a perspective view of an alternate em-
bodiment of a wire insertion tool that may be used
in the methods of the invention;
FIG. 25A is an elevational view of the insertion tool
of FIG. 25;
FIG. 26 is a perspective view of an alternate em-
bodiment of a wire insertion tool that may be used
in the methods of the invention;
FIG. 26A is an elevational view of the insertion tool
of FIG. 26;
FIG. 27 is a perspective view of a punching tool that
may be used with the methods of the invention to
pre-punch, or pierce openings in the connector
body portion;

7 8



EP 1 374 343 B1

6

5

10

15

20

25

30

35

40

45

50

55

FIG. 28 is a perspective view of an alternate punch-
ing tool that may be used with methods of the in-
vention; and,
FIG. 29 is a sectional view of another alternate em-
bodiment of the invention.

Detailed Description Of The Preferred Embodiments

[0029] FIG. 1 illustrates an improved land grid array
("LGA") connector 20 constructed in accordance with
the principles of the present invention. The connector
20 includes a frame member 21 that holds, or encloses,
a flexible body portion 22 at the connector 20 disposed
within an opening 23 of the frame member 21. The body
portion 22 of the connector 20 is held within the frame
member opening 23 by a plurality of sidewalls 25 of the
frame member 21 that surround the opening 23 in a
manner such that a top recess 24 may be defined in the
top surface of the connector 20, as well as a bottom re-
cess 27, if the particular application of the connector
warrants it.
[0030] It can be seen that the connector 20 is gener-
ally rectangular or square in shape, although it will be
understood that other configurations may be used. The
top recess 24 is adapted to receive therein a circuit com-
ponent, such as a chip, IC package, ASIC, microproc-
essor, circuit board 26 or the like, while another similar
circuit component may be similarly received on the bot-
tom side of the connector 20 in a lower recess 27. (FIG.
2.) Typically, such a component may include a circuit
board that is dimensioned to fit in the lower recess 27,
although in some applications, the frame member side-
walls 25 may be formed on the lower side of the con-
nector 20, flush with the lower surface of the connector
body portion 22, eliminating any bottom recess, so that
the connector 20 may be mounted directly to a circuit
board. In order to provide a conductive path between
the two circuit components, the connector 20 is provided
with a plurality of conductive contacts 28 formed as thin
wires, or filaments. These contacts 28 have two free
ends 29, 30 that extend upwardly away from the exterior
surfaces 32, 33 of the connector body portion 22.
[0031] The connector 20, in its application, may be
mounted to a circuit board and accordingly, may include
one or more mounting holes 34 formed in the frame
member 21. Portions of the frame member may be
raised with respect to the remainder of the frame mem-
ber to serve as standoffs 35 (FIG. 2) to slightly elevate
the lower surface 33 of the connector body portion 22
and provide a slight air gap between the lower surface
and a circuit board (not shown) to which the connector
20 is mounted which can facilitate solder cleaning if the
connector is used in a soldered application.
[0032] FIG. 3A illustrates the frame member 21 in an
open state without the body portion 22 supported there-
in. The frame member 21 and its sidewalls 25 may be
formed in a suitable manner, such as by injection mold-
ing from a plastic or other electrically insulative material.

The frame member 21 is preferably molded as one
piece, although alternate constructions may be utilized.
In this embodiment of the invention, a fabric extent 37
(FIG. 5) is used as a reinforcement member to give the
body portion 22 some support, and is cut to a predeter-
mined configuration, which preferably matches that of a
support shoulder 38 (FIG. 4) that is formed on one of
the surfaces of the frame member 21. The fabric extent
37 is preferably formed from a fabric, such as nylon or
fiberglass, that is preferably cut to size using a laser or
a blanking die. Natural fabrics may be used, but it will
be noted that the use of synthetic fabrics for the fabric
extent, such as fiberglass, is beneficial in that fiberglass
has a very low coefficient of thermal expansion (ap-
proaching almost a zero value) which reduces any ex-
pansion from occurring in the connector body portion 22
during operation, and it further has better heat transfer
capabilities than conventional insulators. The use of a
laser in cutting the fabric extent is beneficial in that heat
generated by the laser is able to seal the edges of the
fabric and minimize any fraying that might occur in the
loose ends of the fabric after cutting. Preferably, fabrics
which are woven and have interleaved threads, such as
illustrated in FIG. 9 can be used, but other, non-woven
fabrics, such as knit fabrics and felts may be used. As
mentioned in greater detail below, in some instances,
the reinforcement member may include a film.
[0033] The shoulder 38 is illustrated as being formed
on the bottom surface (FIGS. 3B, 3C & 4) of the frame
member 21. The shoulder 38 is recessed as shown, and
extends around the inner perimeter of the frame mem-
ber 21. This shoulder 38 provides a means for accurate-
ly placing the fabric extent 37 in the frame member 21
and also provides a support for the elastomer that is at-
tached to the frame member 21 and the fabric 37. In
order to retain the fabric extent 37 in place in the shoul-
ders 38, raised catches, or ribs 40, may be provided
along the four sides thereof, which can be used to con-
tact the fabric and hold it taut within the frame member
21 so as to prevent any trampoline effect, or other type
of sagging, from occurring during subsequent process-
es. These ribs 40 may also be used in the heat staking
of the fabric extent 37 to the frame member 21. The fab-
ric extent 32 may be placed over the frame member and
brought into contact with it and heat applied to the ribs
40, causing them to melt and grip the fabric extent 37 in
a manner similar to that known in the art. Although these
ribs 40 are illustrated in the center portions of the shoul-
ders 38, they may extend longer than shown to provide
additional staking capability. When the elastomer is
overmolded to the frame member, the elastomer will re-
tain and capture the loose ends of the fabric extent in
that area.
[0034] The fabric extent 37 may also be pressed over
the ribs 40 during attachment and one of the elastomeric
layers 34, typically the one situated on the "top" face of
the connector 20, may be molded to the frame member
21 opposite the shoulder 38 and ribs 40. In this descrip-
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tion, the term "top" will refer to surface of the connector
that receives and opposes the circuit component 26.
Once the fabric extent 37 is placed into the frame mem-
ber 21 and positioned on the shoulder 38, it is preferably
permanently secured in place by overmolding, or other-
wise applying an elastomer to opposite sides of the
frame member 21 and the fabric extent 37.
[0035] In another embodiment of the invention, as il-
lustrated in FIG. 21, the reinforcement to the body por-
tion 22 may be provided in the form of a solid film mem-
ber 337. The solid film member 337 is preferably formed
from a polymer film, which does not fray, as may the
fabric reinforcement layer at times, which may result in
fabric threads clinging to the conductive contacts and
possibly affecting the integrity of the connector. Useful
results have been obtained by using polyamide (poly-
mer) films sold under the trade name "Kapton" by E.I.
DuPont. Such a reinforcement member also differs from
the fabric ones discussed above in that it does not have
openings between adjacent threads through which the
elastomer may flow during formation of the body portion
22.
[0036] In one sense of the invention, the elastomer
may be considered as two elastomeric layers 41, 42 ex-
tend along the top and bottom surfaces 32, 33 of the
connector body portion 22. However, it will be under-
stood that the term "layer" as applied to the elastomer
is intended to be given its broadest interpretation and
hence, will include two separate layers of elastomer or
a single structure formed where the elastomer pene-
trates or passes through the interstitial openings 43 de-
fined between adjacent threads 44 of the fabric or other
reinforcement extent 37, 337 to cooperatively form a sin-
gle structure thereamong. (FIG. 9.) In this manner,
where the elastomer covers all of the exposed surfaces
of the reinforcement extents 37, 337, the extents 37, 337
are considered to be "encapsulated" within the elas-
tomer, with the elastomer forming the top and bottom
surface of the body portion. Alternatively, if the two lay-
ers 41, 42 do not flow into each other, but nevertheless
bond, or otherwise attach, to both themselves and the
fabric extent 37 as illustrated in FIG. 9, by contacting
each other through the interstitial areas present be-
tween adj acent threads of the fabric extent 37, the re-
sulting construction may be considered to be
" integrated" with the elastomer, or "sandwiched" be-
tween two elastomer layers, with the elastomer extend-
ing along the top and bottom surfaces of the body por-
tion. Still further, the elastomer layers 41, 42 may be
placed in intimate contact with the opposite sides of the
reinforcement extents 37, 337, by subjecting all three of
these members to elevated heat and pressure to form
what may be considered as a "laminated" construction.
Still further, in some applications, the reinforcement ex-
tents 37, 337 may be coextruded with two elastomer ex-
tents, or they may also be dipped in the elastomer to
coat both sides thereof with a "layer".
[0037] In order to ensure that a proper bond between

the body portion 22 (i.e., the reinforcement extents 37,
337) and the elastomer layers 41, 42 to the connector
frame member 21, a series of anchoring cavities 46 may
be formed in the frame member 21 at predetermined lo-
cations. As shown in the drawing, these cavities 46 may
communicate with the frame member opening 23 and
extend within the shoulder portion 38 formed in the face
of the connector 20. These cavities 46 preferably extend
through thickness of the frame member 21 and may in-
clude offset cavity portions 51, 52 that are aligned with
each other but extend in an offset manner from each
other so as to form an opening in the frame that extends
in two different directions, which will fill with the elas-
tomer to thereby firmly anchor the body portion 22 to the
connector frame member 21. Examples of suitable elas-
tomers include, but are not limited to, solid silicones, sil-
icone foams and rubbers, synthetic rubbers, triblock co-
polymers and the like. The durometer of the elastomer
also contributes to the operation of the body portion with
higher durometers being preferred for improved reten-
tion of the wires inserted into the body portion openings.
For example, it has been found that an elastomer with
a durometer of 70 on the Shore A Scale provides better
wire retention than one with a Shore A durometer of 40.
[0038] When so filled with the elastomer, these an-
choring cavities 46 and their offset portions 51, 52 will
engage the frame member sidewalls in two different di-
rections to provide a suitable anchoring in addition to
any natural adhesive properties the elastomer may
have. The alignment of these offset cavity portions 51,
52 is best shown in FIGS. 3B and 6A, while the manner
in which the elastomer fills them is best shown in the
sectional view of FIG. 6C. These cavities 46 serve to
provide a means for interlocking the elastomer layers
41, 42 to the frame member 21, or as anchors as to each
other when the layers 41, 42 are formed simultaneously
on the frame member 21. These anchoring cavities 46
are best filled with the elastomer is applied to the fabric
extent 37 after attachment to the frame member 21, by
way of a suitable overmolding process.
[0039] In an alternate anchoring and fabric-capturing
construction, as illustrated in FIG. 8, the frame member
21 may have a channel, or filling groove 100, formed
therein that may extend around the entire perimeter of
the connector frame opening. This channel 100 receives
the ends or edges 101 of the fabric extent 37 and when
the elastomer is applied to thereto, the elastomer portion
on the lower side of the connector will fill the channel
100 and force the fabric edges 101 into it to provide a
taut, but flexible body portion of the connector.
[0040] The inner edges 54 of the frame member 21
may be chamfered as illustrated in FIG. 5 at 55, so as
to increase the surface area thereof to provide more ar-
ea in the elastomer to contact and adhere to as it is mold-
ed or poured into the frame opening 23. The two elas-
tomer layers 41, 42 serve to encapsulate ends of the
fabric extent 37 and to cover the exposed surfaces
thereof, while the fabric extent provides reinforcement
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to the elastomer layers 41, 42 and gives it a measure of
tautness. The fabric 37 also serves to partially support
the wires inserted into the body portion 22 and the elas-
tomer resiliency further holds the contacts 28 in place
and provides a sealing action around the wires of the
contacts. It is contemplated that the fabric extent and
elastomer layers may also be separately formed, sub-
sequently attached to each other and then assembled
into the connector frame after its forming.
[0041] The use of the elastomer and the fabric extent
(or other reinforcing member) complement each other
in the use of the invention, for while the elastomer pro-
vides flexibility to the body portion of the connector, the
fabric provides reinforcement and a measure of rigidity
to the flexible body portion that supports the contacts so
as to reduce the overall thickness of the connector body
portion that supports the contacts, and thereby achieve
the shortest possible mating height for the connector 20.
In this regard, it is believed that thicknesses of about 0.5
mm may be achieved for the body portion 22 when sand-
wich, encapsulation and coextrusion types of body por-
tion construction are used wherein the fabric extent 37
has an elastomeric layer 41, 42 applied to both sides
thereof. Where the fabric used in the extent 37 has a
thickness of about 0.15 mm and the elastomer layers
each have a similar thickness, the resulting aggregate
thickness of the body portion is about 0.45 mm.
[0042] Insofar as the overall mating height of the con-
nector 20 is concerned, it is believed that it is possible
to achieve with the invention, free ends 29, 30 of the
contacts 28 that project past the exterior surfaces 32,
33 of the body portion 22 a distance of about 0.25 mm,
thus giving an expected total body portion mating height
(obtained by adding the lengths of the contact free ends
29, 30 to the thickness of the body portion 22) of about
0.95 mm. In such instances, the connector frame mem-
ber 21 may have a thickness of only about 1.5 mm,
thereby creating an extremely thin, but high-density con-
nector that has low insertion forces. As mentioned
above, it is also contemplated that the elastomer 41, 42
may be applied to only one of the two surfaces of the
fabric extent, or vice-versa, thereby further reducing the
eventual thickness of the mating area of the connector
20. The type of fabric may also influence the eventual
thickness of the body portion. A fabric extent having a
uniform weave will create a homogenous body portion
and improve the consistency of the body portion. A ran-
dom weave fabric may be used that reduces the thick-
ness of the connector body portion.
[0043] In another important aspect of the invention
and as diagrammatically illustrated in FIGS. 10-15, the
conductive contacts 28 are inserted into body portion 22
by "stitching" them in place. The contacts 60 are insert-
ed into the body portion 22 of the connector preferably
by a programmable sewing machine 20 that employs a
reciprocating, stitching motion. An extent of conductive
wire 63 is incrementally fed through the center passage,
or lumen, 62 of an insertion tool 61 prior to entering the

body portion 22. (FIG. 10A.) The wire 63 is exited from
the center of the tool and is advanced prior to insertion,
so that the elastomer layers 41, 42 will grab the wire 63
and keep a portion (i.e., a free end 30) of it projecting
past the lower surface. (FIG. 11.)
[0044] Depending on the wire diameter, the backward
movement of the needle may be sufficient to bend the
wire upon itself to define a free end 29 that has a looped
double strand 65 as illustrated in FIG. 1D. However, it
is preferred that this bending be performed by a wire
gripping means 67 disposed on the relevant side of the
connector body portion 22. As shown in FIG. 10B, the
bending may be performed on the wire 63 by the grip-
ping means 67 prior to insertion of the tool 61 into the
flexible body portion 22. Further movement of the inser-
tion tool 61 (FIG. 12) through the body portion 22 (and
the fabric layer 37 and the other elastomer layer) while
the wire 63 is advanced will cause the wire to extend
past the opposite exterior surface 33 of the other elas-
tomer layer 42. Once the preselected extent of this wire
63 is reached to form the desired length of contact, the
insertion tool 61 is then withdrawn back through the
body portion 22. (FIG. 23.) As the insertion tool 61 is
withdrawn past the upper elastomer layer, the wire 63
continues to be advanced so that on this side of the con-
nector two free strands 30 of the wire are presented in
side-by-side order. The so-advanced strand is then cut
by a suitable means 68 at a distance substantially equal
to that of the other strand. (FIG. 14.) Alternatively, the
wire may be advanced from the tool prior to insertion
and then bent alongside the tool so that it will move in
synchronization with the movement of the tool.
[0045] This stitching method permits the connector 20
to be made with the contacts on very small pitches with
a low height and profile. The contacts 28 may be formed
from either lengths of round wire 63, or as illustrated in
FIG. 17, lengths of polygonal cross-section wire, such
as rectangular, square, hexagonal or the like may be
used with the most noticeable benefit being the in-
creased electrical load that the contacts 28 of the con-
nector 20 can carry. Also, when the wire has a non-cir-
cular configuration, such as a rectangular cross-section
of about 0.1 mm by 0.25 mm, the non-circular wire will
resist the tendency for the elastomer to turn the wire 90°
due to the elastomer exerting an outer pressure on the
wire. When rectangular wire is used, it is preferably fold-
ed upon itself on the major dimension of the cross-sec-
tion. As previously stated, the contacts 28 may be
stitched into the body portion 22 with a programmable
sewing machine that can selectively insert the wires in
a predetermined pattern. The pattern may be adjusted
by way of the programing aspect of the sewing machine,
i.e., software, rather than adjusting the mold cavity as
would be done with a conventional molded connector.
[0046] The reciprocal motion of the insertion tool, or
needle/tube 61, and the bending of the wire creates an
open-ended, dual strand conductive loop for each con-
tact 28, with each strand or "leg" of the wire forming an
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independent circuit path between contacts on the chip
26 and the other component to which the connector 20
is mounted. This dual strand, open loop contact includes
two ends 29, 30 that project past the exterior surfaces
of the flexible body portion 22. One end 29 of the contact
may be considered as the "loop" end of the contact be-
cause it contains the end where the wire 63 is bent upon
itself, (typically upon a radius in instances where the
wire is round wire) while the other end 30 of the contact
may be considered as the "open" end of the contact be-
cause the two strands of wire terminate in free, uncon-
nected ends. This dual strand extent is beneficial be-
cause it not only provide redundant circuit paths to en-
sure the validity of the connection provided by the con-
nector 20, but also reduces the inductance of the overall
system in that each of the contact's generally parallel
circuit paths will reduce the inductance of the specific
contact by approximately one-half as compared to the
use of only a single contact as demonstrated by the par-
allel inductance equation: LTOT = (L1 x L2) / (L1+L2). Ad-
ditionally, the free ends 29, 30 of the contacts 28 are
small, but provide high contact pressure even though
the connector requires only a small normal loading force
to achieve a reliable interconnection and to provide ef-
fective Hertzian contact with an opposing circuit compo-
nent. The cut free ends 30 (FIG. 18) of the contacts 28
have in effect, knife edges, formed thereon that can dig
into the contact pads on opposing circuit boards or chip
packages to break through any contamination or oxida-
tion that may form on the components. It is also contem-
plated that if necessary, solder balls 125, 126 may be
added to one or both of the free ends 29, 30 of the con-
tacts 28 as shown in FIG. 20.
[0047] The preferred manner of insertion is shown di-
agrammatically in FIG. 23. Each opening formed in the
connector body portion may be considered as having a
centerline CA as shown in FIG. 23. The insertion tool
has its own centerline TA which for the most part, coin-
cides with the centerline WA of the wire being fed
through the tool. Because the wire is bent upon itself to
form a loop, the insertion tool is oriented at an offset OC
from the opening centerline as illustrated. FIGS. 24A
and 24B respectively illustrate this offset in a sectional
view as well as the placement of the wire (both round
and rectangular) and the tool with respect to the open-
ings of the connector body portion.
[0048] In an alternate manner of wire insertion, holes
for receiving the contacts 28 may be formed in the body
portion 22 by burning them in with a laser, which will
prevent loose parts or shreds of the fabric from extend-
ing through the hole and forming debris on either surface
of the connector body portion 22 as a result of insertion.
The laser will also reduce the amount of force required
to penetrate the body portion when the holes are pre-
formed in body portions that utilize a film reinforcement
member 337. Similarly, as illustrated in FIG. 22, a
punching member 400 may be used to sequentially pre-
punch holes 401 in the connector body portion 402, pen-

etrating through both the elastomer portion 403 and the
reinforcing member 404. Contacts are then inserted into
the holes by the insertion tool described above.
[0049] FIG. 27 illustrates one style of punch 500 that
has a conical portion 501 formed on the tip of its elon-
gated body portion 502. FIG. 28 illustrates an alternate
style of punch 510 where the body portion 511 termi-
nates in a knife end 512 that has a square or rectangular
piercing head 513. Either of these tools will preform suit-
able openings in the connector body portion 22, with the
tool 500 forming circular-type openings and the knife
punch 510 forming slits in the connector body portion
22. Pre-piercing the connector body portion offers ad-
vantages such as reduced debris and improved wire
loop straightness with a polyamide reinforcement film is
used with the connector body portion.
[0050] Of importance in the present invention is the
contact force aspect that the open loop construction of
the wire contacts give to connectors that utilize them.
Not only are redundant, conductive circuit paths estab-
lished in each contact, but the closed ends 29 of the
open loops each have a radius occurring where the wire
is bent upon itself, which results in a point contact P
(FIG. 1A) being established between the closed end
portion 29 of the contact 28 and an opposing circuit com-
ponent. On the opposite side of the contact, where the
contact free end is composed of two, adjacent free ends
of the wire, as shown in FIG.2A, the contact effected
with an opposing circuit component will be a line contact,
with the line occurring along one of the cut edges of the
wires, shown in FIG. 2A as the bolded line H, especially
in instances where the wire cross section is either
square or rectangular.
[0051] The process of making the connectors 20 may
also include, as illustrated in FIG. 16, a forming tool,
such as a mandrel 80 that comes down into contact with
the contact free ends 29, 30 on opposite sides of the
connector to form the free ends 29, 30 in one or two
directions. The mandrel may be formed with symmetri-
cal sides as shown and moved in an arc or similar move-
ment along the arrow M of FIG. 16 to form the wire ends
in the manner shown, where pairs of adjacent contacts
have their free ends directed away from each other. The
end result of this type forming is shown in FIGS, 1A and
2A, wherein pairs 81 of contacts 28 are formed so that
they point toward each other at an angle. An alternate
arrangement is illustrated in FIG. 16 where the mandrel
80 contacts the free ends 29 of a pair 81 of contacts 28
and bends there free ends 29 toward the body portion
surface 33 at an angle that is less that 90 degrees, but
in opposite directions from each other. Yet another ar-
rangement is illustrated in FIG. 18 where pairs of con-
tacts 81 point in the same direction.
[0052] FIGS. 19A-C illustrate another construction of
an insertion tool 110 that may be used in making of the
connectors of the invention. Although the single inser-
tion tool shown in the drawings are suitable for inserting
the contacts, at times it has been discovered that the
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elastomeric body portion 22 of the connector 20 tends
to exert a slight force on the angled surface of the inser-
tion tool 61, increasing the likelihood of the tool 61 "walk-
ing" into the elastomer and slightly off the center of the
intended insertion location in the flexible body portion
22. In order to alleviate the likelihood of this occurring,
a dual point insertion tool 110 may be used for inserting
the contacts 28 into the flexible body portion 22 of the
connector 20.
[0053] As seen best in FIG. 19B, the tool 110 takes
the form of a hollow needle, or tube, with a central pas-
sage extending axially therein that opens to the exterior
at the tip end 112 thereof. Two points 115 are formed at
the tip end 114 and are spaced apart from and aligned
with each other. Each such points 115 has a triangular
configuration with two slanted sides 116 on opposite
ends of a centerline of each point 116. The passage
opens up at the center of the tip end 112 although it may
be slightly recessed back from the tip end 112 as shown
so that the wire 63 exits therefrom in the manner illus-
trated.
[0054] FIG. 19C illustrates the penetration of the tool
110 into an elastomer part of the body portion 22. The
"walking" tendency referred to above is not likely to oc-
cur with this construction because the elastomer will of-
fer a resistance force F1 on each angled face 116 of the
tool tip end 112, thereby keeping the tool 110 in line so
that it may penetrate the elastomer in its designated
spot, and even directly through any reinforcement
threads beneath it. These two forces are believed to
counteract each other and keep the tool 110 on its path
into and through the elastomeric body portion and
through any threads that may lie in its path.
[0055] FIGS. 25 and 26 illustrate types of insertion
tools. In FIG. 25A, it can be seen that the tool 260 has
a wedge shape in that a portion of its body 261 is sliced
at an angle from an initial transverse cut in the body 260
that forms a stepped surface 262 at the end of the slice.
The angled profile of the tool 260 increases the size of
the opening of interior passage 263 of the tool.
[0056] FIGS. 26 and 26A illustrates another tool 270
that has a "bullet"-shaped nose 271 formed at the tip
end 272 of the tool body 270. This bullet shape is easily
obtained by transversely slicing, or truncating, a conical
end of the nose 271. In this manner, a sharp circular tip
275 that surround the tool interior passage 276 is formed
that will contact the connector body when the insertion
tool is pushed against it.
[0057] Although it is preferred that the flexible body
portion 22 of the connector 20 use a fabric reinforcement
layer, the benefits of the present invention may also be
obtained in connector structures that use only an elas-
tomeric extent for the flexible body portion. FIG. 20 il-
lustrates, in cross-section, a connector 200 having a rig-
id frame member 202 with an opening 204 that receives
an elastomeric body portion 206. Without any reinforce-
ment layer, the body portion 206 is maintained in its po-
sition within the opening 204 by way of the anchoring

cavities described above and as illustrated in FIG. 6D.
The body portion 206 contains a plurality of individual
conductive contacts 28 that are arranged therein in a
predetermined pattern, or array. Each contact 28 in-
cludes at least two strands of thin wire 63 that extend
above the opposite exterior surfaces 214, 215 of the
body portion in a fashion similar to that described above.
[0058] Although much of the prior description has
been focused on the use of a flexible body portion that
uses an elastomeric material, the present invention also
contemplates using its unique stitching aspect to insert
contacts in a more rigid body portion. Fig. 29 illustrates
a connector 500 having a housing 501 and body portion
502 supported by the housing. In some instances, the
housing 501 and body portion 502 may be one and the
same component. In other instances, the body portion
may be a thinner portion or just a film such as the Kapton
film mentioned above. Holes may be either drilled, cut,
punched or burned (by a laser) in the body portion and
conductive contacts 503 inserted therein using the
stitching insertion process illustrated in Figs. 10-15 and
23. In some instances it may be necessary to secure the
contacts 503 in their openings by means of an adhesive
504. As with the prior process, the contacts 503 may be
either formed from conductive wire or may be previously
formed contacts, such as stamped and formed contacts.
[0059] With the use of "stitching" to insert the contacts
into the body portion, it will be appreciated that the in-
vention is not limited to the use of a single needle. Rath-
er, an array or "gang" of needles may be used in order
to perform multiple contact insertions in a single move-
ment of the insertion tool.

Claims

1. A method of making a pressure contact connector
(20), comprising:

providing a rigid frame (21) having an opening
disposed therein;
providing a substrate (37, 337) of predeter-
mined dimensions and having opposing first
and second surfaces (32, 33);
attaching the substrate (37, 337) to the frame
(21) so as to fill the opening of said frame with
the substrate and to thereby define a body por-
tion (22) of said connector within said frame;
and,
forming a plurality of conductive contacts (28)
in the connector body portion (22) by inserting
a plurality of thin conductive wires (63) into said
substrate (37, 337) in a predetermined pattern,
each of the contacts (28) having opposing first
and second contact ends (29, 20) that extend
past said first and second surfaces (32, 33) of
said substrate (37,337) to form a plurality of
conductive paths through said connector body
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portion (22).

2. The method of claim 1, wherein said frame (21) is
attached to said substrate (37, 337) prior to inser-
tion of said wires (63).

3. The method of claim 1, wherein said wires (63) are
formed from either a beryllium-copper alloy or a
gold-plated nickel material.

4. The method of claim 1, wherein said step of forming
said conductive contacts (28) in said connector
body portion (22) includes the steps of: (A) first
bending said wires (63) upon themselves to form
lengths of double-stranded wires; and, (B) inserting
said double-stranded wires into said substrate (37,
337) to embed said double-stranded wires into said
connector body portion (22).

5. The method of claim 1, wherein said step of forming
said contacts (28) in said flexible body portion (22)
includes the steps of: (A) advancing a length of con-
ductive wire (63) from a wire supply through a hol-
low insertion tool (61); (B) bending said wire length
upon itself to form a double-strand wire length; (C)
inserting said double-strand wire length into said
substrate portion (37, 337) to embed said double-
strand wire length in said connector body portion
(22); (D) cutting said wire to free said double-strand
wire length from said wire supply and form a single
conductive contact (28) with said opposing first and
second contact ends (29, 30); and, (E) repeating
steps (A) through (D) to insert subsequent contacts
(28) into said connector body portion (22).

6. The method of any of claims 1, 4, or 5, wherein said
wires are inserted into said substrate (37, 337) by
stitching.

7. The method of claim 1, further including the step of
applying an elastomer to at least one of said first
and second surfaces (32, 33) of said substrate (37,
337) to cover said at least one substrate surface
such that said elastomer bonds to said substrate
(37, 337).

8. The method of any of claims claim 1 or 7, wherein
said substrate (37, 337) is formed from a woven fab-
ric, non-woven fabric; nylon fabric, fiberglass fabric,
film or polyamide film.

9. The method of claim 7, wherein said elastomer is a
silicone rubber.

10. The method of claim 7, wherein said elastomer
grips exterior surfaces of said contacts (28) to pro-
vide a seal thereagainst.

11. The method of claim 7, wherein said elastomer is
applied to said substrate (37, 337) by dipping, over-
molding or by laminating at least one elastomer lay-
er to at least one surface of said substrate.

12. The method of claim 5, wherein said insertion tool
(61) includes an elongated hollow member (61)
having a central passage (62) extending axially
therethrough for accommodating a length of wire
therein, the tool (61, 110, 260, 270) including a tip
end having either: (A) a pair of points (115)formed
thereon and aligned with each other; (B) a truncated
conical configuration; (C) a bullet-like configuration
(271); (D) a wedge-like configuration (262); or, (E)
an angled configuration.

13. The method of claim 1, further including the step of
forming openings in said substrate (37, 337) prior
to inserting said wires into said substrate (37, 337),
said opening-forming step including either: (A)
punching holes in said substrate (37, 337) with a
punch; (B) cutting holes in said substrate (37, 337)
with a knife; or (C) cutting holes in said substrate
(37, 337) with a laser.

14. The method of claim 7, wherein said elastomer has
a durometer on the Shore A Scale of between about
40 to about 70.

15. The method of any of claims 4 or 5, wherein said
double strand wire lengths are inserted into open-
ings formed in said substrate (37, 337) on opposite
sides of centerlines of said openings.

16. The method of any of claims 4 or 5, wherein said
contact first and second contact ends (29, 20)
project past said substrate opposing surfaces (32,
33) a distance sufficient to form a deformable con-
tact (28) embedded in said connector body portion
(22).

17. The method of claim 16, wherein said first and sec-
ond contact ends (29, 30) project past said sub-
strate opposing first and second surfaces (32,33) a
distance of about at least 2 mm.

18. The method of claim 1, wherein said wires have a
non-circular or rectangular cross-section.

19. The method of any of claims 4 or 5, wherein said
contacts (28) include a loop at said first contact end
(29) thereof and two wire free ends at said second
contact end (30) thereof.

20. The method of claim 7, wherein said connector
body portion (22) is attached to said frame (21) by
overmolding said elastomer to said substrate (37,
337) and said frame (21).
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21. The method of claim 7, wherein said frame (21) in-
cludes a plurality of anchoring cavities (46) formed
therein that form passages extending through said
frame (21) through which said elastomer can flow.

22. The method of claim 1, including the step of attach-
ing said substrate (37, 337) to said frame (21) by
heat staking it to said frame (21).

23. The method of claim 1, further including the step of
bending said contact first and second ends (29, 30)
of pairs of contacts (28) toward each other.

24. The method of claim 1, further including the step of
attaching solder balls (125, 126) to one of said first
and second contact ends (29, 30) of said contacts
(28).

25. The method of claim 19, further including the step
of attaching solder balls (125, 126) to said second
contact ends (30) of said contacts (28).

Patentansprüche

1. Verfahren zum Herstellen eines Druckkontaktver-
binders (20), das aufweist
einen starren Rahmen (21) zur Verfügung zu stel-
len, der eine darin angeordnete Öffnung aufweist;
ein Substrat (37, 337) von vorbestimmten Abmes-
sungen und das gegenüberliegende erste und
zweite Oberflächen (32, 33) hat, zur Verfügung zu
stellen;
das Substrat (37, 337) an dem Rahmen (21) anzu-
bringen, um so die Öffnung des Rahmens mit dem
Substrat zu füllen und dadurch einen Hauptteil (22)
des Verbinders innerhalb des Rahmens zu bilden;
und
eine Mehrzahl von leitenden Kontakten (28) im Ver-
binderhauptteil (22) dadurch zu bilden, dass eine
Mehrzahl von dünnen leitenden Drähten (63) in das
Substrat (37, 337) in einem vorbestimmten Muster
eingesetzt wird, wobei jeder der Kontakte (28) ge-
genüberliegende erste und zweite Kontaktenden
(29, 30) aufweist, die sich über die ersten und zwei-
ten Oberflächen (32, 33) des Substrats (37, 337)
hinaus erstrecken, um eine Mehrzahl von leitenden
Pfaden durch den Verbinderhauptteil (22) zu bilden.

2. Verfahren nach Anspruch 1, bei dem der Rahmen
(21) an dem Substrat (37, 337) vor dem Einsetzen
der Drähte (63) angebracht wird.

3. Verfahren nach Anspruch 1, bei dem die Drähte
(63) entweder aus einer Beryllium-Kupfer-Legie-
rung oder einem goldplattierten Nickelmaterial ge-
bildet sind.

4. Verfahren nach Anspruch 1, bei dem der Schritt des
Bildens der leitenden Kontakte (28) im Verbinder-
hauptteil (22) die Schritte aufweist:

(A) zuerst die Drähte (63) auf sich selbst zu bie-
gen, um Abschnitte von doppelsträngigen
Drähten zu bilden; und

(B) die doppelsträngigen Drähte in das Sub-
strat (37, 337) einzusetzen, um die doppelst-
rängigen Drähte in den Verbinderhauptteil (22)
einzubetten.

5. Verfahren nach Anspruch 1, bei dem der Schritt des
Bildens der Kontakte (28) in dem flexiblen Hauptteil
(22) die Schritte aufweist:

(A) einen Abschnitt von leitendem Draht (63)
von einem Drahtvorrat durch ein hohles Ein-
setzwerkzeug (61) vorwärts zu bewegen;

(B) den Drahtabschnitt auf sich selbst zu bie-
gen, um einen doppelsträngigen Drahtab-
schnitt zu bilden;

(C) den doppelsträngigen Drahtabschnitt in
den Substratteil (37, 337) einzusetzen, um den
doppelsträngigen Drahtabschnitt in dem Ver-
binderhauptteil (22) einzubetten;

(D) den Draht zu schneiden, um den doppelst-
rängigen Drahtabschnitt von dem Drahtvorrat
zu lösen und einen einzelnen leitenden Kontakt
(28) mit den gegenüberliegenden ersten und
zweiten Kontaktenden (29, 30) zu bilden; und

(E) Schritte (A) bis (D) zu wiederholen, um
nachfolgende Kontakte (28) in den Verbinder-
hauptteil (22) einzusetzen.

6. Verfahren nach einem der Ansprüche 1, 4 oder 5,
bei dem die Drähte in das Substrat (37, 337) durch
Heften oder Nadelstiche eingesetzt werden.

7. Verfahren nach Anspruch 1, das weiter den Schritt
aufweist, ein Elastomer wenigstens an einer der er-
sten und zweiten Oberflächen (32, 33) des Substra-
tes (37, 337) aufzubringen, um die wenigstens eine
Substratoberfläche zu bedecken, so dass das Ela-
stomer sich mit dem Substrat (37, 337) verbindet.

8. Verfahren nach einem der Ansprüche 1 bis 7, bei
dem das Substrat (37, 337) aus einem gewebten
Stoff, einem nicht gewebten Stoff, Nylonstoff, Fiber-
glasgewebe oder -stoff, Folie oder Polyamidfolie
gebildet ist.

9. Verfahren nach Anspruch 7, bei dem das Elastomer
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Silikonkautschuk ist.

10. Verfahren nach Anspruch 7, bei dem das Elastomer
an äußeren Oberflächen der Kontakte (28) angreift,
um eine Dichtung gegen dieselben zu schaffen.

11. Verfahren nach Anspruch 7, bei dem das Elastomer
auf dem Substrat (37, 337) durch Eintauchen, Über-
formen oder durch Laminieren wenigstens einer
Elastomerschicht auf wenigstens eine Oberfläche
des Substrats aufgebracht wird.

12. Verfahren nach Anspruch 5, bei dem das Einsetz-
werkzeug (61) ein längliches hohles Glied (61), das
einen mittigen Durchlass (62) aufweist, der sich axi-
al dadurch erstreckt, um einen Drahtabschnitt darin
aufzunehmen, einschließt, wobei das Werkzeug
(61, 110, 260, 270) ein Spitzenende einschließt, das
aufweist entweder:

(A) ein Paar von Spitzen (115), die darauf aus-
gebildet sind und miteinander ausgerichtet
sind;

(B) eine kegelstumpfförmige Konfiguration;

(C) eine geschossförmige Konfiguration (271);

(D) eine keilförmige Konfiguration (262); oder

(E) eine gewinkelte Konfiguration.

13. Verfahren nach Anspruch 1, das weiter den Schritt
aufweist, Öffnungen in dem Substrat (37, 337) vor
dem Einsetzen der Drähte in das Substrat (37, 337)
zu bilden, welcher öffnungsbildende Schritt ein-
schließt:

(A) Löcher in das Substrat (37, 337) mit einem
Stanzer zu stanzen;

(B) Löcher in das Substrat (37, 337) mit einem
Messer zu schneiden; oder

(C) Löcher in das Substrat (37, 337) mit einem
Laser zu schneiden.

14. Verfahren nach Anspruch 7, bei dem das Elastomer
eine Härte auf der Shore-A-Skala von zwischen un-
gefähr 40 bis ungefähr 70 hat.

15. Verfahren nach einem der Ansprüche 4 oder 5, bei
dem die doppelsträngigen Drahtabschnitte in Öff-
nungen eingesetzt werden, die in dem Substrat (37,
377) auf gegenüberliegenden Seiten von Mittellini-
en der Öffnungen ausgebildet sind.

16. Verfahren nach einem der Ansprüche 4 oder 5, bei

dem die ersten und zweiten Kontaktenden (29, 30)
über die gegenüberliegenden Oberflächen (32, 33)
des Substrat um eine Entfernung vorstehen, die
ausreichend ist, einen verformbaren Kontakt (28)
zu bilden, der im Verbinderhauptteil (22) eingebet-
tet ist.

17. Verfahren nach Anspruch 16, bei dem die ersten
und zweiten Kontaktenden (29, 30) über die gegen-
überliegenden ersten und zweiten Oberflächen (32,
33) des Substrats um eine Entfernung von ungefähr
wenigstens 2 mm vorstehen.

18. Verfahren nach Anspruch 1, bei dem die Drähte ei-
nen nichtkreisförmigen oder rechteckigen Quer-
schnitt haben.

19. Verfahren nach einem der Ansprüche 4 oder 5, bei
dem die Kontakte (28) eine Schlinge an dem ersten
Kontaktende (29) derselben und zwei freie Drah-
tende am zweiten Kontaktende (30) derselben ein-
schließen.

20. Verfahren nach Anspruch 7, bei dem der Verbinder-
hauptteil (22) an dem Rahmen (21) durch Überfor-
men des Elastomers auf das Substrat (37, 337) und
den Rahmen (21) angebracht wird.

21. Verfahren nach Anspruch 7, bei dem der Rahmen
(21) eine Mehrzahl von Verankerungshohlräumen
(46) aufweist, die darin ausgebildet sind, die Kanäle
bilden, die sich durch den Rahmen (21) erstrecken,
durch die das Elastomer fließen kann.

22. Verfahren nach Anspruch 1, das den Schritt auf-
weist, das Substrat (37, 337) an dem Rahmen (21)
durch Wärmeeinwirkung anzubringen.

23. Verfahren nach Anspruch 1, das weiter den Schritt
aufweist, die ersten und zweiten Kontaktenden (29,
30) von Paaren von Kontakten (28) aufeinander zu
zu biegen.

24. Verfahren nach Anspruch 1, das weiter den Schritt
aufweist, Lötmitteltropfen oder -kugeln (125, 126)
an einem der ersten und zweiten Kontaktenden (29,
30) der Kontakte (28) anzubringen.

25. Verfahren nach Anspruch 19, das weiter den Schritt
aufweist, Lötmitteltropfen oder -kugeln (125, 126)
an den zweiten Kontaktenden (30) der Kontakte
(28) anzubringen.

Revendications

1. Procédé de fabrication d'un connecteur de contact
de pression (20), comprenant :
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la fourniture d'un châssis rigide (21) ayant une
ouverture disposée dedans;

la fourniture d'un substrat (37, 337) de dimen-
sions prédéterminées et ayant une première et
une seconde surfaces en opposition (32, 33) ;

la fixation du substrat (37, 337) au châssis (21)
de façon à remplir l'ouverture dudit châssis
avec le substrat et à définir ainsi une partie de
corps (22) dudit connecteur à l'intérieur dudit
châssis ; et,

la formation d'une pluralité de contacts conduc-
teurs (28) dans la partie de corps du connecteur
(22) en insérant une pluralité de câbles conduc-
teurs fins (63) dans ledit substrat (37, 337) dans
un modèle prédéterminé, chacun des contacts
(28) ayant une première et une seconde extré-
mité de contact en opposition (29, 20) qui
s'étendent après lesdites première et seconde
surfaces (32, 33) dudit substrat (37, 337) pour
former une pluralité de chemins conducteurs à
travers ladite partie de corps du connecteur
(22).

2. Procédé selon la revendication 1, dans lequel ledit
châssis (21) est fixé sur ledit substrat (37, 337)
avant l'insertion desdits câbles (63).

3. Procédé selon la revendication 1, dans lequel les-
dits câbles (63) sont formés soit d'un alliage béryl-
lium cuivre, soit d'un matériau en nickel plaqué or.

4. Procédé selon la revendication 1, dans lequel ladite
étape de formation desdits contacts conducteurs
(28) dans ladite partie de corps du connecteur (22)
comprend les étapes consistant à : (A) d'abord plier
lesdits câbles (63) sur eux-mêmes afin de former
des longueurs de câbles à double toron, et, (B) in-
sérer lesdits câbles à double toron dans ledit subs-
trat (37, 337) pour encastrer lesdits câbles à double
toron dans ladite partie de corps du connecteur
(22).

5. Procédé selon la revendication 1, dans lequel ladite
étape de formation desdits contacts (28) dans ladite
partie de corps flexible (22) comprend les étapes
consistant à : (A) avancer une longueur de câble
conducteur (63) depuis une alimentation électrique
à travers un outil d'insertion creux (61) ; (B) plier la-
dite longueur de câble sur elle-même afin de former
une longueur de câble à double toron ; (C) insérer
ladite longueur de câble à double toron dans ladite
partie du substrat (37, 337) pour encastrer ladite
longueur de câble à double toron dans ladite partie
de corps du connecteur (22) ; (D) couper ledit câble
pour libérer ladite longueur de câble à double toron

de ladite alimentation électrique et pour former un
seul contact conducteur (28) avec lesdites première
et seconde extrémités de contact en opposition (29,
30) ; et (E) répéter les étapes (A) à (D) pour insérer
des contacts subséquents (28) dans ladite partie de
corps du connecteur (22).

6. Procédé selon l'une quelconque des revendications
1, 4 ou 5, dans lequel lesdits câbles sont insérés
dans ledit substrat (37, 337) par couture.

7. Procédé selon la revendication 1, comprenant en
outre l'étape consistant à appliquer un élastomère
sur au moins l'une desdites première et seconde
surfaces (32, 33) dudit substrat (37, 337) pour cou-
vrir ladite au moins surface de substrat de telle sorte
que ledit élastomère adhère au dit substrat (37,
337).

8. Procédé selon l'une quelconque des revendications
1 ou 7, dans lequel ledit substrat (37, 337) se forme
à partir d'un tissu tissé, d'un tissu non tissé, d'un
tissu de fibre de verre, d'un film ou d'un film de po-
lyamide.

9. Procédé selon la revendication 7, dans lequel ledit
élastomère est un caoutchouc de silicone.

10. Procédé selon la revendication 7, dans lequel ledit
élastomère saisit les surfaces extérieures desdits
contacts (28) pour fournir un dispositif d'étanchéité
contre ce dernier.

11. Procédé selon la revendication 7, dans lequel ledit
élastomère est appliqué au dit substrat (37, 337)
par trempage, surmoulage ou par collage d'au
moins une couche d'élastomère sur au moins une
surface dudit subtrat.

12. Procédé selon la revendication 5, dans lequel ledit
outil d'insertion (61) comprend un élément creux al-
longé (61) ayant un passage central (62) s'étendant
axialement à travers ce dernier pour recevoir une
longueur de câble dans ce dernier, l'outil (61, 110,
260, 270) comprenant une extrémité d'embout
ayant soit : (A) une paire de points (115) formée sur
cette dernière et alignés les uns avec les autres ;
(B) une configuration conique tronquée ; (C) une
configuration en forme de balle (271) ; (D) une con-
figuration en forme de coin (262) ; soit (E) une con-
figuration angulaire.

13. Procédé selon la revendication 1, comprenant en
outre l'étape de formation d'ouvertures dans ledit
subtrat (37, 337) avant d'insérer lesdits câbles dans
ledit substrat (37, 337), ladite étape de formation
d'ouvertures comprenant soit : (A) la perforation
d'orifices dans ledit substrat (37, 337) avec une
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perforatrice ; (B) découpe des orifices dans ledit
substrat (37, 337) avec un couteau ; soit (C) décou-
pe des orifices dans ledit substrat (37, 337) avec un
laser.

14. Procédé selon la revendication 7, dans lequel ledit
élastomère a un duromètre sur l'échelle Shore A se
situant entre 40 et 70 environ.

15. Procédé selon l'une quelconque des revendications
4 ou 5, dans lequel lesdites longueurs de câble à
double toron sont insérées dans les ouvertures for-
mées dans ledit substrat (37, 337) sur des côtés op-
posés d'axes desdites ouvertures.

16. Procédé selon l'une quelconque des revendications
4 ou 5, dans lequel lesdites première et seconde
extrémités de contact (29, 20) se projettent après
lesdites surfaces de substrat opposées (32, 33) à
une distance suffisante pour former un contact dé-
formable (28) encastré dans ladite partie de corps
du connecteur (22).

17. Procédé selon la revendication 16, dans lequel les-
dites première et seconde extrémités de contact
(29, 30) se projettent après lesdites première et se-
conde surfaces de substrat opposées (32, 33) à une
distance d'au moins 2 mm environ.

18. Procédé selon la revendication 1, dans lequel les-
dits câbles ont une section transversale non circu-
laire ou rectangulaire.

19. Procédé selon l'une quelconque des revendications
4 ou 5, dans lequel lesdits contacts (28) compren-
nent une boucle à ladite première extrémité de con-
tact (29) de ces derniers et deux extrémités libres
de câble à ladite seconde extrémité de contact (30)
de ces derniers.

20. Procédé selon la revendication 7, dans lequel ladite
partie de corps du connecteur (22) est fixée sur ledit
châssis (21) en surmoulant ledit élastomère sur le-
dit substrat (37, 337) et ledit châssis (21).

21. Procédé selon la revendication 7, dans lequel ledit
châssis (21) comprend une pluralité de cavités
d'ancrage (46) formées dans ce dernier qui forment
des passages s'étendant à travers ledit châssis (21)
à travers lesquels ledit élastomère peut circuler.

22. Procédé selon la revendication 1, comprenant l'éta-
pe de fixation dudit substrat (37, 337) au dit châssis
(21) en le poinçonnant par chaleur au dit châssis
(21).

23. Procédé selon la revendication 1, comprenant en
outre l'étape de flexion desdites première et secon-

de surfaces de contact (29, 30) des paires de con-
tacts (28) les uns vers les autres.

24. Procédé selon la revendication 1, comprenant en
outre l'étape de fixation des billes de soudure (125,
126) sur l'une desdites première et seconde extré-
mités de contact (29, 30) desdits contacts (28).

25. Procédé selon la revendication 19, comprenant en
outre l'étape de fixation des billes de soudure (125,
126) sur lesdites secondes extrémités de contact
(30) desdits contacts (28).
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