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The electrical connector can be used to establish mechanical and electrical connection between a flexible component, such as, a
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(57) Abrege(suite)/Abstract(continued):

housing, contacts, expandable leg members and post elements. The expandable legs are disposed on the upper housing. The
contacts are disposed In openings In the contact housing. In order to use the connector, the flexible component is placed between
the contact housing and the upper housing. Alignment posts ensure that the contacts and the conductors on the flexible
component are precisely aligned. The connector iIs mounted to the circuit board by inserting the expandable legs in mounting holes
INn the circult board. Once Inserted, the expandable legs can be radially expanded by driving the post elements into the expandable
legs. The circuit board also Iinclude alignment holes which ensure the proper orientation of the contacts to circuit board. The
connector may also include an assembly tool which Is adapted to both preload the contacts and drive the post elements into the
expandable legs. Additionally, the electrical connector may include a removal tool which can be used to drive the Inserted post
elements out of the expandable legs.
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ABSTRACT

The electrical connector can be used to establish mechanical and
electrical connection between a flexible component, such as, a flexible circuit
or a flexible cable, and a printed circuit board. The connector genefally
comprises an upper housing, a contact housing, contacts, expandable leg
members and post elements. The expandable legs are disposed on the upper
housing. The contacts are disposed in openings in the contact housing. In
order to use the connector, the flexible component is placed between the
contact housing and the upper housing. Alignment posts ensure that the
contacts and the conductors on the flexible component are precisely aligned.
The connector is mounted to the circuit board by inserting the expandable legs
in mounting holes in the circuit board. Once inserted, the expandable legs can
be radially expanded by driving the post elements into the expandable legs.
The circuit board also include alignment holes which ensure the proper
orientation of the contacts to circuit board. The connector may also include an
assembly tool which is adapted to both preload the contacts and drive the post
elements into the expandable legs. Additionally, the electrical connector may
include a removal tool which can be used to drive the inserted post elements

out of the expandable legs.
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ELECTRICAL CONNECTOR

FIELD OF THE INVENTION
This invention relates to an electrical connector and, more particularly,

to an electrical connector for use with flexible components, such as, flexible

circuits or flexible cables.

BACKGROUND OF THE INVENTION

One use of electrical connectors is to connect flexible components, such |

as, flexible circuits or flexible cables to various electrical devices such as .
printed circuit boards. The flexible components typically include a number of
conductors which must be connected elec_t_rically with the appropriate contacts
on the printed.:ci_rcuit board. The types of connectors that are generally used to
establish electrical connection between the flexible component and the printed

circuit board have several disadvantages.
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One disadvantage is that these types of connectors generally do not
securely lock the flexible component in the connector. Thérefore, the flexible
component is susceptible to being pulled out of the connector. Another
disadvantage is that these connectors require soldering that can be troublesome
to perform and time consuming. Yet another disadvantage 1s that during
assembly the flexible component can be inserted into the connector at an angle.

[f the flexible component is secured in the connector at an angle, 1t 1s likely

that electrical shorts will develop.

OBJECTS OF THE INVENTION

A generél object of the present invention is to provide an electrical
connector which can be used to electrically connect a flexible component to a
substrate such as a printed circuit board.

An additional object of the present invention is to provide an electrical
connector that improves the retention of the tflexible component 1n the
connector. Another object of the invention is provide an electrical connector
which does not require soldering and thus avoids soldering problems.

A further object of the present invention is to provide alignment features
for each of the components so that the components can be assembled in only
one specific orientation. Another object of the invention is to provide
alignment features for each of the components so that the traces on the flexible
component are--precisely aligned with the contacts on the circuit board during
installation. |

An additional object of the invention 1s to provide an assembly tool
which preloads the contacts in the connector before the connector is secured to

the circuit board. Another object of the present invention is to provide a
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removal tool that can be used to disconnect the printed circuit board and the
flexible component from the electrical connector.

Another object is to provide an electrical connector which has the
mounting hardware attached to the electrical connector versus separate
components (i.e., nuts and bolts) which could be lost.

A further object is to provide a low cost method for packaging the
electrical connector. |

Other objects and advantages of the invention will become apparent

upon reading the following description and upon reference to the drawings.

SUMMARY OF THE INVENTION

The electrical connector of the present invention can be used to establish
both mechanical and electrical connection between a flexible component and a
printed circuit board. The electrical connector may include an upper housing, a
contact housing, contacts, expandable leg members and post elements.

The contacts are disposed in holes that are provided in the contact
housing and the contacts are positioned such that they correspond to the desired
locations of circuit interconnection between the flexible component and the
circuit board. -

In order to use the connector, the flexible component is first assembled
between the. upper housing and the contact housing. The contact housing and
the flexible component include alignment posts which ensure that the
conductors on the flexible component are precisely aligned with the contacts in
the contact hdusing.

Next, the assembly of the upper housing, the contact housing, and the
flexible compénent can be attached to the circuit board via the expandable legs

and the post elements. The expandable legs are disposed on the upper housing
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and are adapted to be inserted into mounting holes that are provided in the circuit board,

the contact housing, and the flexible component. Once the expandable legs are inserted,
they can be radially expanded into engagement with the mounting holes in the circuit
board by driving the post elements into the expandable legs. The circuit board also
includes alignment hoies that ensure that the conductors on the circuit board are in
precise alignment with the contacts in the contact housing.

An assembly tool can be used to drive the post elements into the expandable legs.
In addition, the assembly tool ensures that the contacts in the contact housing are
preloaded before the connector is secured to the circuit board. Additionally, the
connector may include a removal tool that 1s designed to drive the inserted post element
out of the expandable legs.

In a first broad embodiment, the invention seeks to provide an electrical
connector for connecting a flexible component to a substrate, the flexible component and
the substrate each being provided with a plurality of electrical contacts, said connector
comprising: an upper housing; a contact housing having an upper surface and a lower
surface, the contact housing having apertures disposed from the upper surface to the
lower surface; resilient contacts in the contact housing, at least one resilient contact being
disposed within an aperture of the contact housing, wherein the at least one resilient
contact establishes an electrical connection between at least one electrical contact of the
flexible component and at least one electrical contact of the substrate; an attachment
portion to attach the upper housing and the contact hoUsing to the substrate to establish
electrical connection between the conductors on said flexible component and said
contacts on said substrate.

In a second broad embodiment, the invention seeks to provide an assembly tool
for assembling an electrical connector to a substrate, said tool comprising: driving pins to
push on post elements in an electrical connector, and a handle portion connected to said
driving pins; a movable housing, said movable housing reciprocally attached to said
handle; and a spring positioned between said movable housing and said handle.

In a third broad embodiment, the invention seeks to provide a removable tool for
removing an electrical connector from a substrate, said tool comprising: driving pins to

push on post elements in an electrical connector; and a handle portion connected to said

driving
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pins; a movable housing, said movable housing being reciprocally attached to said handle;

and a spring positioned between said movable housing and said handle.

In a fourth broad embodiment, the invention seeks to provide a method for
connecting a flexible component to a substrate, the flexible component and the substrate
each being provided with a plurality of electrical contacts, the method comprising the steps
of: providing an upper housing; providing a flexible component; positioning said flexible
component to said upper housing; providing a contact housing having resilient contacts
disposed within apertures in the contact housing; and positioning said contact housing to
said flexible component.

In a fifth broad embodiment, the invention seeks to provide a method for removing a
flexible component from a substrate, the method comprising the steps of: providing an
electrical connector connecting a flexible component to a substrate, said connector including
an expandable member and a post element; providing the removal tool; positioning the
removal tool to the electrical connector; pushing the post element away from the expandable

member with the removal tool; and removing the electrical connector from the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a left front perspective view of an electrical connector constructed in
accordance with the teachings of this invention which is attached to a printed circuit board,;

Fig. 2 1s an exploded view of the electrical connector and the printed circuit board,;

Fig. 3 1s a top view of the electrical connector;

Fig. 4 1s a front view of the electrical connector taken along line 4-4 of Fig. 3;

Fig. 5 1s a side view of the electrical connector;

Fig. 6 1s a bottom plan view of the electrical connector;

Fig. 7 is a cross sectional view of the electrical connector taken along line 7-7 of Fig.
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Fi1g. 8 is a perspective view of the electrical connector on a printéd

circuit board and the assembly tool constructed in accordance with the

teachings of the invention;

Fig. 9 1s a cross sectional view similar to Fig. 7 with the contacts in an
uncompressed state and the posts partially inserted into the expandable
members;

Fig. 10 i1s a fragmentary cross sectional view of the assembly tool
mounted to the electrical connector prior to driving the posts into the
expandable members;

Fig. 11 is a fragmentary cross sectional view of the assembly tool and
the electrical connector showing the pins driven into the expandable members;

Fig. 12A is a fragmentary cross sectional view of a removal tool and the
electrical connector;

Fig. 12B1s a ﬁ'agmentary cross sectional view of a removal tool and the
electrical connector showing the posts being partlally displaced from the
expandable member;

Fig. 13 1s a bottom perspective view of the electrical connector with a
protective film to protect the contacts during shipment;

Fig. 14 1s a partial fragmentary cross sectional view of another
embodiment of the attachment structure for the electrical connector; and

Fig. 151s a partial fragmentary cross sectional view of another

embodiment of the attachment structure for the electrical connector.

DESCRIPTION OF THE EMBODIMENT
An electrical connector 30 constructed in accordance with the teachings
of the present invention is illustrated in Fig. 1. As shown in Fig. 1, the

connector 30 can be used to establish mechanical and electrical connection
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between a flexible component 10 and a printed circuit board 20. As shown in

Fig. 2, the electrical connector 30 may include an upper housing 32, a contact

.housing 34, contacts 36, expandable leg members 38, and post elements 40.

The flexible component 10 includes at least one conductor. The flexible
component 10 may be a flexible cable or a flexible circuit. In the illustrated
embodiment, the flexible component 10 comprises a flexible substrate material
on which a plurality of conductors 42 in the form of electrically conductive
traces are affixed, as best shown 1n Figs. 1-3. The conductive traces 42 may
extend the length of the flexible component 10 and may be arranged
substantially parallel to each other. In the illustrated embodiment, the ends of
the conductive traces 42 are staggered as shown in Fig. 2. A layer of insulating
material is typically placed over the traces 42 such that the traces are covered
except adjacent the two ends of the flexible component 10. In one
embodiment, the substrate material comprises a thin piece of mylar and the
cdnductive traces are made of tin plated copper.

Referri'ng to Figs 2, 6, and 7, the contact housing 34 includes at least one
hole 44 therethrough. The contact housing 34 typically contains a plurality of
spaced holes 44 arranged in an array, such as rows, chosen to correspond to the
locations of circuit interconnection. Accordingly, the spaced holes 44
correspond to the electrical contact pattern on the printed circuit board 20 and
on the flexible component 10.

The hole 44 at each location where an electrical connection is desired
contains a resilient electrical contact 36, as best shown in Figs 2, 6, and 7.
These electrical contacts electrically couple the conductive traces 42 on the
flexible component 10 to a plurality of electrically conductive traces or pads
which are formed on the printed circuit board 20. In one embodiment, each of

the electrical contacts 36 comprises a resiliently wadded conductor typically in
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the form of an elongated substantially cylindrical contact element comprising a
resiliently and randomly wadded single thin gauge electrically conductive wire.
By way of example, the contacts 36 may be of the type commercially marketed
by Labinal Components and Systems, Inc. of Elk Grove Village, Illinois,
U.S.A. under the designation “CIN::APSE.” The contacts 36 extend generally
from at least the first surface 46 of the contact housing 34 to a second surface
48 of the contact housing, and protrude slightly beyond the first and second
surfaces as shown in Fig. 9. The respective ends of each of the electrical
contacts 36 are exposed at the first and second surfaces 46, 48, respectively.
The electrical contacts 36 can include additional elements such as plungers, as

shown in U.S. Pat. No. 5,127,837, 1In another ernbodinient, the electrical

contacts comprise electrically conductive eléstomeric contacts.

In order to ensure that the conductive traces on the printed circuit board
20 are aligned'with the conductors on the flexible component 10, the contact
housing 34 includes alignment posts. Referring to Figs. 2, 6, and 7, the
Illustrated embodiment of the contact housing 34 has a pair of alignment posts
50 on 1ts first surface 46 and a pair of alignment posts 52 on its second surface
48. The alignment posts 50 on the first surface are positioned so that the posts
50 engage complernental alignment holes 54 in the flexible component when
the flexible component is assembled into the connector, as shown in Figs. 2 and
7. The engagement of the alignment posts 50 with the alignment holes 54 also -
reduces the possibility of the flexible component 10 being assembled in the
connector at an angle relative to the contact housing 34 and the circuit board
20. In addition, the alignment posts reduce the possibility of the flexible
component being accidentally removed from the connector. As shown in Fig.

7, the upper housing 32 also includes alignment holes 55 that receive the
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alignment posts 50. Similarly, the alignment posts 52 on the second side Qf the .
contact housing are positioned so that they engage complérnental alignment
holes 56 in the printed circuit board when the connector is secured to the
printed circuit board. The alignment posts 50, 52 and the corresponding
alignment holes 54, 56 are positioned such that the flexible component 10, the

contact housing 34 and the circuit board 20 can only be assembled in one

specific orientation.

Refefring to Figs. 2 and 6-9, the electrical connector has a press-type
mounting arrangement for mounting the upper housing 32, the flexible
component 10, and the contact housing 34 to the circuit board 20. As shown in
Figs. 2 and 6, the upper housing 32 includes one or more expandable leg
members 38 that are adapted to receive and retentively grip corresponding
press-type post elements 40. Each of the expandable legs 38 comprises a
plurality of spaced apart fingers 58. The fingers 58 are radially expandable
along at least a portion thereof and are arranged in a generally symmetrical
configuration which defines a cavity that is sized to receive thé post element
40.

Prior to the expansion of the fingers 58, the outer surface of each of the
eXpandaBle legé 38 prbvides an outer cross-sectional dimension that is equal to
or slightly less--‘than the mounting holes 60, 62, 64 in the flexible component,
the contact housing, and the circuit board. Thus, the expandable le gs 38 may
be placed or 1fg_htly press-fit within the mounting holes 60, 62, 64 in the
flexible component,y contact housing, and printed circuit board prior to

expansion of the legs 38 via the post elements 40. As noted above, the

aligmnent posts 50, 52 and the corresponding alignment holes 54, 56 ensure that
when the components are placed or press-fit together they are in the proper

orientation
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As shown in Fig. 7 and 9, each of the expandable legs 38 preferably
includes a distal portion 66 which expands outwardly or otherwise deforms
when the post element 40 is fully inserted in the expandable leg. When the
expandable leg 38 1s fully inserted into the mounting hole 64 in the circuit
board, the distal portion 66 protrudes through the mounting hole 64 on the side
of the circuit board 20 opposite the upper housing 32. As shown in Fig. 35,
when the post element 40 is fully axially inserted within the complemehtal
expandable leg 38, each of the sleeve fingers 58 is urged radially outwardly
such that it engages the inner surface of the of the mounting holes 64, 62 in the
circuit board and the contact housing. Similarly, the distal portion 66 of the
expandable legs expand radially outwardly such that they achieve a transverse
dimension that is larger than the mounting hole 64 in the circuit board thereby
securing the electrical connector the circuit board 20. The engagement of the
expandable legs 38 with the mounting holes 60 1n the flexible component also
ensures that the flexible component 10 cannot be pulled out of thé connector.

Other attachment structures could be used for attaching the connector of
the present invention to a substrate such as a printed circuit board. For
example, referring to Fig. 14, the upper housing 132 may be provided with at
least one leg 138. In the embodiment of Fig. 14, the leg 138 is inserted into the

corresponding mounting holes in the contact housing 134, the flexible

- component 110 and the circuit board 120. Once the leg 138 is fully inserted, a

retaining clip 172 may be placed over the distal end of the leg thereby securing
the upper housing, the contact housing, and the flexible component to the
circuit board. In this embodiment, the contact housing 134 includes a boss
portion 170. However, the boss portion 170 could be eliminated if the leg 138

were sized such that it was slightly smaller than the corresponding mounting

holes.
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In another embodiment shown in Fig. 15, the upper housing 23 2 may be
provided with at least one leg 238 that is threaded to receive a nut 276. Once
the leg 238 has been fully inserted in the corresponding holes in the flexible
component 210, the contact housing 234 and the circuit board 220, the
connector is secured to the circuit board with the nut 276 and a washer 278. In
this embodiment, the contact housing 234 includes a boss portion 270.
However, the boss portion 270 could be eliminated if the leg 238 were sized '
such that it was slightly smaller than the corresponding mounting holes. In
another embodiment, the leg could be a bolt which extends through a hole 1n
the upper housing 232 and through the other mounting holes.

Referring to Fig. 15, the upper housing 232 and the contact housing 234
are integral and joined by a living hinge 284. The living hinge 284 allows the
upper housing 232 and the contact housing 234 to be spaced apart which
permits the insertion and assembly of the flexible component 210 to the
connector. In addition, by joining the upper hdusing and the contact housing
with the hinge, the number of individual parts is reduced which alleviates
problems associated with individual parts during manufacture and assembly.

Figs. 8, 10, and 11 illustrate an assembly tool 80 that can be used to
drive the post 'élements 40 into the expandable legs 38. The assembly tool 80
generally comprises a handle 82, a movable housing 84, a pair of driving pins
86, a pair of spring elements 88, and a bolt 90. As shown in Figs 10 and 11, the
driving pins 86 are disposed in apertures 92 in the movable housing 84 and Are ‘
connected to the handle 82. The spring elements 88 are positioned around the
driving pins 86 between the handle 82 and the movable housing 84. The
movable housing is attached to the handle with the bolt 90. The movable
housing can move slidably along the bolt between a contact preload position

(Fig. 10) and a post driving position (Fig. 11).

10
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The assembly tool 80 may be used in the following manner. Prior to
using the assembly tool 80, the post elements 40 are partially inserted into the
expandable legs 38 as shown in Fig. 9. As illustrated in Fig. 9, the contacts 36
in the contact housing 34 are in an uncompressed state wherein a portion of the
contacts protrudes slightly beyond the first and second surfaces 46, 48 of the
contact housing. The object of the assembly tool is to compress the contacts 36
(1.e. preload the contacts) before the post elements are fully inserted into the
eXpandable legs. Referring to Figs. 8 and 10, the user would position the

assembly tool into engagement with the upper housing 32 such that the top ends

of the post elements 40 are inserted into the driving pin apertures 92 on the

assembly tool. As shown in Fig. 10, when the assembly tool is first brought
Into engagement with the upper housing 32, the movable housing 84 engages
the top side of the upper housing 32 however, the driving pins 86 do not engage
the _post elements 40.

Once th_e assembly tool engages the uppér housing, the user will apply
downward pressure (in the direction of arrow 91 in Fig. 11) on the assembly
tool. The downward pressure will cause the housing 84 to compress the
contacts 36 (1.e. preload the contacts). Thus, the contacts are flush with or
substantially flush with the first and second surfaces 46, 48 of the contact
housing. As the user continues to apply downward pressure, the downward
presSure will cause the movable housing 84 to slide upward on the bolt 90,
thereby compfessing the springs 88. As the movable housing 84 slides upward,
the driving pins 86 travel the distance of the gap 93 and will engage the post
elements 40. As the movable housing continues to slide upward on the bolt, the
movable housing is also moving upwards relative to the driving pins 86 such
that when the movable housing reaches the underside of the handle 82, as

shown in Fig. 11, the driving pins will have driven the post elements 40 into the

11
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expandable legs 38. The arrangement of the movable housing and the springs
enables the assembly tool to preload the contacts through the pressure which
the movable housing exerts on the upper housing. Thus, the contacts 36 are
preloaded before the post elements are fully inserted into the expandable legs.
and the upper housing is secured to the circuit board.

Referring to Figs. 12A and 12 B, the present invention may also include
a removal tool 94. The removal tool 94 has a configuration that is similar to the
assembly tool 80. As shown in Fig. 12A, the removal tool 94 generally
comprises a handle 96, a movable housing 98, a pair of driving pins 100, a pair
of spring elements 102, and a bolt 104. The movable housing 98 of the
removal tool 1s connected to the handle 96 by the bolt 104 such that the
movable housing 98 can move relative to the handle 96. The driving pins 100
are disposed in apertures 106 in the movable housing 98 and are connected to
the handle 96. The spring elements 102 are positioned around the driving pins
100 between the handle 96 and the movable housing 98. The housing 98 can
move relative to the handle 96 when the springs are compressed..

The removal tool 94 can be used to push the post elements 40 partially
or fully from the expandable legs 38. The removal tool 94 may be used in the
following manner. As shown in Fig. 12A, the user would position the movable
housing 98 into engagement with the side of the circuit board 20 which is
opposite the side where the upper housing 32 and contact housihg 34 are
mounted. Specifically, the removal tool is positioned into engagement with the
circuit board 20 so that the apertures 106 on the removal tool engage the ends
of the expandable legs 38. The user will then push on the removal tool in
direction indicated by the arrow 108 in Fig. 12B. As the pressure is applied to
the removal tobl, the movable housing 98 will slide upward on the bolt 104 and

the springs 102 and compress the springs. As the springs are compressed, the

12
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driving pins 100 will exert force on the post elements 40 and thereby push the
post elements partially or fully from the expandable legs. When the movable
housing 98 reaches the underside 109 of the handle 96 the driving pins 100
will protrude into the expandable legs 38 so that they can displace the posts 40
from the expandable legs. In one embodiment, the driving pins are long and
will push the posts fully ﬁom the legs so that the posts are separated from the
upper housing. In another embodiment, the driving pins are short and will push
the posts partially from the legs, such as, the position of the posts shown in Fig.
9. After the posts have been pushed partially or fully from the legs, the
removal tool 94 can be removed by not applying pressure to the removal tool
and allowing the springs to expand. If the springs are not strong enough, the
removal tool can be removed from the connector by merely pulling the removal
tool upward in order to remove the driving pins from the expandable legs.

Fig. 13, shows one embodiment of packaging for the connector 30 of the
present invention. When the electrical connector is shipped to certain users, the
flexible component 10, the upper housing 32, and the contact housing 34 may
be assembled f:p gether, however, the components are not attached to a circuit
board. These users will then attach the components to the circuit board. Thus,
during shipment, the contacts 36 on the second surface 48 of the contact
housing are exposed. Since the contacts protrude slightly Beyond the holes 44
in the contact housing, they are susceptible to damage. In order to protect the
contacts, the connector must be packaged such that the contacts are shielded
from the environment. One embodiment to package the contacts is shown in
Fig. 13. A protective film 110 covers a portion of the second surface 48 of the
contact housing 34 and covers the contacts 36. In one embodiment, the
protective film 110 includes an adhesive which allows the film to adhere to the

second surface 48. The adhesive may be applied to the entire surface of the

13
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film or the adhesive may be omitted from the areas on the film which will cover
the contacts 36. The protective film 110 prevents any damage to the contacts
during shipment.

As can be appreciated, the connector 30 of the present invention can be
used to establish mechanical and electrical connection between a flexible
component and a printed circuit board quickly and easily. In order to use the
connector, the flexible component 10 1s positioned between the upper housing
32 and the contact housing 34 such that the expandable legs 38 engage the
corresponding mounting holes 60 and the alignment posts 50, 52 engage the
appropriate alignment holes as shown in Figs. 2 and 7. Specifically, the
flexible component 10 is positioned onto the contact housing 34 so that the
alignment post.s 50 engage the alignment holes 54. This subassembly of the
circuit 10 and the contact housing 34 is positioned onto the upper housing 32 so
that the legs 38 engage the mounting holes 60, 62 and the alignment posts 50
engage the appropriate alignment holes 55. ‘

In another method, the flexible component 1s assembled to the upper
housing 32 so that the legs 38 engage the mounting holes 60 and the alignment
holes 54, 55 are aligned. The subassembly of the flexible component 10 and
the upper housing 32 is then positioned onto the contact housing 34 so that the
legs 38 engage the mounting holes 62 and the alignment posts 50 engage the
alignment holes 54, 55.

The assembly of the contact housing, the upper housing, and the flexible
component can be attached to the printed circuit board 20 by inserting the
expandable legs 38 into the mounting holes 64 on the circuit board and the
alignment pos"f; 52 into the alignment holes 56 on the circuit board. After the
expandable legs have beeh placed within the mounting holes, the post members

40 may be pushed into the expandable legs in order to expand the legs to

14
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engage the circuit board. The post members can be pushed by the assembly
tool 80 and, when, desired the connector can be removed from the circuit board
by using the removal tool 94. '

While this invention has been described with an emphasis upon
embodiments noted above, other embodiments may be used. Accordingly, this
invention includes all modifications encompassed within the spirit and the

scope of the invention as defined by the following claims.

15
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What is claimed 1s:

1. An electrical connector for connecting a flexible component to a substrate, the
flexible component and the substrate each being provided with a plurality of electrical
contacts, said connector comprising:

an upper housing;

a contact housing having an upper surface and a lower surface, the contact housing
having apertures disposed from the upper surface to the lower surface;

resilient contacts in the contact housing, at least one resilient contact being disposed
within an aperture of the contact housing, wherein the at least one resilient contact
establishes an electrical connection between at least one electrical contact of the flexible
component and at least one electrical contact of the substrate;

an attachment portion to attach the upper housing and the contact housing to the
substrate to establish electrical connection between the conductors on said flexible

component and said contacts on said substrate.

2. An electrical connector as in claim 1 wherein said attachment portion comprises at
least one expandable member on said upper housing, and a post element for axial insertion

in said expandable member.

3. An electrical connector as in claim 1 wherein said attachment portion comprises at
least one leg member on said upper housing and a retaining clip for placement onto the

distal end of said leg member.

4. An electrical connector as in claim 1 wherein said attachment portion comprises at
least one leg member on said upper housing, wherein said leg member is provided with

threads for receiving a nut.

5. An electrical connector as in claim 1 wherein said resilient contacts are wadded wire

contacts.

16
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6. An electrical connector as in claim 1 wherein said resilient contact 1s an elastomeric
contact.

7. An electrical connector as 1n claim 1 wherein said flexible component is a flexible
cable.

8. An electrical connector as 1n claim 1 wherein said flexible component 1s a flexible
circuit.

. An electrical connector as in claim 1 wherein said contact housing includes an

alignment portion to align said resilient contacts with the contacts on the flexible component

with the contacts on the substrate.

10. An electrical connector as 1n claim 5 wherein all of said resilient contacts are

disposed 1n apertures in said contact housing.

11.  An electrical connector as 1n claim 10 wherein said apertures contain a second
contact.

12. An electrical connector as in claim 11 wherein said second contact is a plunger.

13.  An electrical connector as in claim 12 wherein said apertures contain a third contact.

14.  An electrical connector as in claim 13 wherein said third contact is a plunger.

15. An electrical connector as in claim 1 wherein said contacts are covered with a

protective film in order to protect the contacts.

16.  An electrical connector as in claim 2 wherein said post element has an exterior

surface and is retentively engaged in said expandable member, said expandable member
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having an inner surface, said outer surface of said post element and said inner surface of said

expandable member being of a complimentary configurations to effect expansion of said

expandable member upon forcible axial movement of said post element in said expandable

member.

17.  An electrical connector as 1n claim 2 wherein said expandable member has a first

outer configuration and said post element outwardly displaces said expandable member to a

second outer configuration when said post element 1s axially inserted into said expandable

member.

18.  An assembly tool for assembling an electrical connector to a substrate, said tool
comprising:
driving pins to push on post elements in an electrical connector, and a handle portion

connected to said driving pins;

a movable housing, said movable housing reciprocally attached to said handle; and a

spring positioned between said movable housing and said handle.

19.  An assembly tool as in claim 18 further comprising a bolt to reciprocally retain said

movable housing to said handle.

20. A removable tool for removing an electrical connector from a substrate, said tool
comprising:
driving pins to push on post elements 1n an electrical connector; and a handle portion

connected to said driving pins;

a movable housing, said movable housing being reciprocally attached to said handle;

and a spring positioned between said movable housing and said handle.

21. A removable tool as in claim 20 further comprising a bolt to reciprocally retain said

movable housing to said handle.
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22. A method for connecting a flexible component to a substrate, the flexible component
and the substrate each being provided with a plurality of electrical contacts, the method
comprising the steps of:

providing an upper housing;

providing a flexible component;

positioning said flexible component to said upper housing;

providing a contact housing having resilient contacts disposed within apertures in the
contact housing; and

positioning said contact housing to said flexible component.

23. A method as in claim 22 wherein said step of positioning said flexible component to
said upper housing is performed before said step of positioning said contact housing to said

flexible component.

24. A method as in claim 22 wherein said step of positioning said contact housing to said
flexible component is performed before said step of positioning said flexible component to

said upper housing.

25. A method as in claim 22 further comprising the step of positioning said upper

housing to the substrate.

26. A method as in claim 25 further comprising the step of attaching said upper housing

to the substrate.

27. A method as in claim 26 wherein said upper housing includes an expandable member
and a post element, and said step of attaching includes pushing said post element into said

expandable member.

28. A method as in claim 22 wherein said resilient contacts are wadded wire contacts.
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29. A method as in claim 26 further comprising the step of providing an assembly tool

whereby the assembly tool is used to attach said upper housing to said substrate.

30. A method as in claim 27 further comprising the step of providing an assembly tool to
attach the upper housing to the substrate, whereby the assembly tool compresses the resilient

contacts while pushing said post element into the expandable member.

31. A method as in claim 22 wherein said flexible component is a flexible cable.
32. A method as in claim 22 wherein said flexible component is a flexible circuit.
33. A method for removing a flexible component from a substrate, the method

comprising the steps of:

providing an electrical connector connecting a flexible component to a substrate, said
connector including an expandable member and a post element;

providing a removal tool;

positioning the removal tool to the electrical connector;

pushing the post element away from the expandable member with the removal tool;

and

removing the electrical connector from the substrate.

34. A method as in claim 29 further comprising the step of removing the flexible

component.
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