
CONNECTOR ASSEMBLY Field The present invention relates
to electrical connectors, and particularly to a
connector assembly for providing a direct interface
between two printed circuits. Background Numerous
examples exist for connecting two printed circuits to
each other, and more particularly, for connecting a
flexible circuit to a rigid printed circuit board or
to another flexible circuit. Conventional methods of
interconnecting printed circuits include the use of
separate connector structures on both of the printed
circuits to be electrically connected. With regard to
flexible circuits, well-known pin and socket
connectors are commonly employed to interconnect
flexible circuits with other printed circuit boards or
flexible circuits. While generally suitable for their
intended purpose, such commonly available connectors
suffer from several deficiencies. For example, the
connectors are generally larger than allowable for
modern electronic devices having ever shrinking
dimensions. In addition, the currently available
connectors often have a relatively complicated
physical structure, resulting in high manufacturing
costs. In some applications, the use of separate
connector structures has been replaced with pressure
connectors that establish electrical contact between
printed circuits by mechanically pressing the contact
pad or terminal portions of one printed circuit
against those of another printed circuit. Such
pressure connections are often ineffective at
accurately aligning printed circuits having very
narrow and closely spaced contact pads. Further, such
pressure connectors are often difficult to reliably
disengage and re-engage, and thus fail to provide
reliable connection between the printed circuits,
causing unsatisfactory electrical performance. Due to
the drawbacks and shortcomings of current connection
devices and methods, there exists a need in the
industry for a connector assembly that is easy to
manufacture, provides accurate alignment, and
dependably engages and disengages to 



provide reliable electrical connection between printed
circuits.Summary One aspect of the invention described
herein provides a connector assembly. In one
embodiment according to the invention, the connector
assembly comprises a frame mounted on a printed
circuit substrate having a plurality of contact pads,
and a spring member configured for insertion into the
frame. The spring member has a flexible circuit
supported thereon. The spring member and frame are
shaped to exert biasing forces in two non-parallel
directions when the spring member is inserted into the
frame, In another embodiment according to the
invention, the connector assembly comprises a
conductive frame mounted on a printed circuit, and a
connector portion configured for insertion into the
frame. The frame is electrically connected to a ground
of the printed circuit, and the printed circuit has a
plurality of printed circuit contact pads within an
area bordered by the frame. The connector portion has
a flexible circuit supported thereon. The flexible
circuit has a plurality of contact pads for engagement
with the plurality of printed circuit contact pads. At
least one of the frame and connector portion comprises
a spring portion, and the frame and connector portion
are cooperatively shaped to exert biasing forces in
two non-parallel directions when the connector portion
is inserted into the frame. In another aspect, the
invention described herein provides a connector
assembly for providing a direct interface between two
printed circuits. In one embodiment according to the
invention, the connector assembly comprises a frame
configured for mounting on a first printed circuit,
and a connector portion configured for insertion into
the frame and adapted to support a second printed
circuit thereon. When the connector portion with the
second printed circuit thereon is inserted into the
frame, the connector portion and the frame
cooperatively exert a first biasing force between the
first printed circuit and the second printed circuit,
and a second biasing force between the second printed
circuit and the frame. Brief Description of the
Drawings 



Figure 1 is a perspective illustration of one
embodiment of a connector assembly according to the
invention, in a disengaged configuration, the
connector assembly including a spring member with a
flexible circuit attached thereto, and a frame mounted
on a printed circuit.Figure 2 is a cross-sectional
illustration of the connector assembly taken along
line 2-2 of Figure 1. Figure 3 is a perspective
illustration of the connector assembly of Figure 1, in
an engaged configuration. Figure 4 is a
cross-sectional illustration of the connector assembly
taken along line 4-4 of Figure 3. Figure 5 is a
cross-sectional illustration of another embodiment of
a connector assembly according to the invention, for
use with a flexible printed circuit substrate. Figures
6 and 7 are cross-sectional illustrations of the
connector assembly of Figure 5, using an intermediate
printed circuit substrate. Figure 8 is a
cross-sectional illustration of another embodiment of
a connector assembly according to the invention.
Detailed Description In the following detailed
description of the preferred embodiments, reference is
made to the accompanying drawings that form a part
hereof. The accompanying drawings show, by way of
illustration, specific embodiments in which the
invention may be practiced. It is to be understood
that other embodiments may be utilized, and structural
or logical changes may be made without departing from
the scope of the present invention. The following
detailed description, therefore, is not to be taken in
a limiting sense, and the scope of the present
invention is defined by the appended claims. Figures
1-4 illustrate one embodiment of a connector assembly
20 in accordance with the present invention. The
connector assembly 20 includes a spring member 22 and
a frame 24. The spring member 22 is configured for
insertion into the frame 24 while having a flexible
circuit 30 supported thereon. The frame 24 is
configured for mounting 



on a printed circuit substrate 40 and defines a
receiving space 42 for receiving the spring member 22
therein. The printed circuit substrate 40 has a
plurality of contact pads 44 thereon, and the flexible
circuit 30 includes a plurality of contact pads 46 for
engagement with corresponding contact pads 44 of the
printed circuit substrate 40. When the spring member
22 with the flexible circuit 30 thereon is inserted
into the frame 24, direct electrical connection is
made between the contact pads 46 of the flexible
circuit 30 and the contact pads 44 of the printed
circuit substrate 40.In the illustrated embodiment,
the frame 24 includes a front surface mount 50
extending along the width of the frame 24, and a rear
surface mount 52, also extending along the width of
the frame 24. The front and rear surface mounts 5O 52
act to stiffen the printed circuit substrate 40 and
thereby resist bowing of the printed circuit substrate
40 away from the spring member 22 when mated with the
frame 24. If the frame 24 is electrically conductive,
the front surface mount 50 and rear surface mount 52
may comprise solder mounts configured for connection
to a ground 60 of the printed circuit substrate 40. In
one embodiment, the frame 24 is fabricated from a
single flat metal blank stamping which is bent and/or
folded to form the completed frame. In other
embodiments, the frame is assembled from multiple
elements which are electrically conductive,
electrically insulative, or a combination thereof. As
best seen in Figures 1, 2, and 4, the spring member 22
is generally S-shaped and includes retaining tabs 62
for securing the flexible circuit 30 to the spring
member 22. In the illustrated embodiment, the
retaining tabs 62 extend from the lateral edges of the
spring member 22 and are folded over the edges of the
flexible circuit 30. In other embodiments, the
retaining tabs 62 may extend from a central portion of
the spring member 22 and extend through the flexible
circuit 30. In other embodiments, the flexible circuit
30 is secured to the spring member 22 using other
suitable engagement means, including, but not limited
to, adhesive bonding, screws, pins, and the like. In
one embodiment, the spring member 22 includes a
plurality of spring fingers 70 adjacent at least a
portion of the contact pads 46 of the flexible circuit
30. The spring 



fingers 70 are positioned to urge the contact pads 46
of the flexible circuit 30 against corresponding
contact pads 44 of the printed circuit substrate 40.
In one embodiment, an elastomeric material layer 72 is
positioned between the spring fingers 70 and the
contact pads 46 of the flexible circuit 30 to provide
additional compliance and to more evenly distribute
forces from the spring fingers 70 to the contact pads
46 of the flexible circuit 30. In one embodiment, the
elastomeric material layer 72 comprises an elastomeric
boot that extends over one or more of the spring
fingers 70. The presence of an elastomeric material
layer 72 between the spring member 22 and the contact
pads 46 of the flexible circuit 30 is particularly
beneficial in embodiments having multiple rows of
contact pads 44, 46.In the illustrated embodiment,
when the generally S-shaped spring member 22 is
inserted into the frame 24, the spring member 22 and
frame 24 cooperate to exert biasing forces in two
non-parallel directions. In one embodiment, the
biasing forces are exerted in two substantially
orthogonal directions. In the embodiment illustrated
in Figures 1-4, a first biasing force is exerted in
the direction of arrow 80, substantially perpendicular
to the plane of the printed circuit substrate 40, and
a second biasing force is exerted in the direction of
arrow 82, substantially parallel to a plane of the
printed circuit substrate 40 (Figure 4). The first
biasing force 80 urges a first portion 84 of the
flexible circuit 30 against the printed circuit
substrate 40, such that the contact pads 46 of the
flexible circuit 30 are pressed against the contact
pads 44 of the printed circuit substrate 40. The
second biasing force 82 urges at least a second
portion 86 of the flexible circuit 30 against the
frame 24. As best seen in Figure 4, the cooperating
shapes of spring member 22 and frame 24 results in the
second biasing force 82 urging portion 86 of the
flexible circuit 30 against the frame 24 at the front
edge of the connector assembly 20, and also urging
portion 86' of the flexible circuit 30 against the
frame 24 at the back edge of the connector assembly
20. In one embodiment, where the frame 24 is
electrically conductive and connected to a ground 60
of the printed circuit substrate 40, at least one
ground contact pad 46b is 



positioned on at least one of the second portions 86,
86' of the flexible circuit 30, such that the at least
one contact pad 46b is urged into engagement with the
frame 24 by the second biasing force 82. In this
manner, a continuous ground and signal return path is
established from the flexible circuit 30 to the
printed circuit substrate 40 via the frame 24. In one
embodiment, the at least one ground contact pad 46b is
positioned such that the ground contact pad 46b
engages the frame 24 with a wiping action. The wiping
action cleans the mating surfaces of the ground
contact pad 46b and frame 24 of oxidation or other
contaminants and provides a more reliable electrical
connection therebetween. In one embodiment, the at
least one ground contact pad 46b is positioned such
that the ground circuit between contact pad 46b and
frame 24 is completed prior to engagement of contact
pads 46 with the printed circuit substrate 40. In one
embodiment, the frame 24 includes at least one guide
feature configured to direct the spring member 22 into
the frame 24 at an oblique insertion angle with
respect to the printed circuit substrate 40, such that
the contact pads 46 of the flexible circuit 30engage
the corresponding contact pads 44 of the printed
circuit substrate 40 with a wiping action. The wiping
action cleans the mating surfaces of the contact pads
44, 46 of oxidation or other contaminants and provides
a more reliable electrical connection between the
flexible circuit 30 and the printed circuit substrate
40. As best seen in Figure 2, a first guide feature 90
adjacent the front portion 92 of the frame 24 is
configured to capture a front edge 94 of the spring
member 22 as the spring member 22 is inserted into the
receiving space 42 of the frame 24. In one embodiment,
the first guide feature 90 forms a spring element to
aid in biasing the flexible circuit 30 against the
printed circuit substrate 40. A second guide feature
96 adjacent the back portion 98 of the frame 24 is
configured to prevent horizontal insertion of spring
member 22 into the frame 24. Mating between the spring
member 22 and frame 24 is illustrated in Figures 1-4.
In Figures 1 and 2, the spring member 22 is positioned
adjacent the frame 24 at an oblique angle with respect
to the printed circuit substrate 40. The oblique angle
mating of the 



spring member 22 and the frame 24 permits the frame 24
to be mounted away from an edge of the printed circuit
substrate 40 without requiring space on the printed
circuit substrate 40 that must be kept free of surface
mounted components to allow engagement and
disengagement of the connector assembly. The spring
member 22 is prevented from vertical insertion into
the frame 24 (in a direction generally orthogonal to
the plane of the printed circuit substrate 40) by the
first guide feature 90. The spring member 22 is
prevented from horizontal insertion into the frame 24
(in a direction generally parallel with the plane of
the printed circuit substrate 40) by the second guide
feature 96. As the spring member 22 with the flexible
circuit 30 thereon is directed into the receiving
space 42 of the frame 24 in the direction of arrow
100, the front edge 94 of the spring member 22 is
captured by the first guide feature 90 of the frame
24. As the spring member 22 continues to be inserted
into the frame 24, a wiping action is provided between
the contact pads 46 of the flexible circuit 30 and the
contact pads 44 on the printed circuit substrate 40,
assuring good electrical contact therebetween. As the
spring member 22 is fully inserted into the frame 24,
the back edge of the spring member 22 is rotated
toward the printed circuit substrate 40 (Figures 3 and
4). In one embodiment, the spring member 22 and frame
24 have a mated height of less than about 1.2
millimeters. The spring member 22and frame 24 are
configured such that spring member 22 and frame 24 are
maintained in an engaged condition, such as by a
suitable latching features. In Figures 1-4, the
printed circuit substrate 40 is illustrated as a rigid
printed circuit board. However, in other embodiments
according to the invention, the printed circuit
substrate 40 is a flexible circuit. In Figure 5 a
flexible printed circuit substrate 140 is illustrated
having a frame 124 mounted thereon. The frame 124 is
constructed as described with respect to frame 24
above, and further includes a contact support member
150 adapted to extend under the flexible printed
circuit substrate 140 and maintain the contact pads
144 of the flexible printed circuit substrate 140 in
close relationship to the contact pads 46 of the
flexible circuit 30 on the spring member 22. In one
embodiment, as illustrated in Figure 6, the printed
circuit substrate 40 is an 



intermediate printed circuit substrate 160. The
intermediate printed circuit substrate 160 is
electrically connected to a base printed circuit
substrate 162. In Figure 6, the intermediate printed
circuit substrate 160 is illustrated as a flexible
circuit, and the base printed circuit substrate 162 is
illustrated as a rigid printed circuit board. In other
embodiments, base printed circuit substrate 162 is a
flexible circuit. In one embodiment, the intermediate
printed circuit substrate 160 is connected to the base
printed circuit substrate 162 at a location within the
footprint of the frame 24 (Figure 6). In another
embodiment, the intermediate printed circuit substrate
160 is connected to the base printed circuit substrate
162 at a location outside a footprint of the frame 24
(Figure 7). In another embodiment of the connector
assembly, the frame 24 is configured to allow
substantially vertical insertion of the spring member
22 into the frame 24. As illustrated in Figure 8, the
front portion 92 of the frame 24 is provided with a
lead-in feature 170 configured to guide front edge 94
of the spring member 22 into frame 24 as the spring
member 22 is inserted into the receiving space 42 of
the frame 24 in a direction substantially normal to
the plane of printed circuit board 40. Front portion
92 of frame 24 is further provided with an engagement
portion 172 configured to substantially match the
shape of front edge 94 of spring member 22, such that
engagement portion 172 discourages removal of spring
member 22 from frame 24. In each of the embodiments
described herein, all polymer parts are molded from
suitable thermoplastic material having the desired
mechanical and electrical properties for the intended
application. The conductive metal parts are made from,
for example, platedcopper alloy material, although
other suitable materials will be recognized by those
skilled in the art. The connector assembly materials,
geometry and dimensions are all designed to maintain a
specified impedance throughout the assembly. Although
specific embodiments have been illustrated and
described herein for purposes of description of the
preferred embodiment, it will be appreciated by those
of ordinary skill in the art that a wide variety of
alternate and/or equivalent implementations calculated
to achieve the same purposes may be substituted for
the specific embodiments 



shown and described without departing from the scope
of the present invention. Those with skill in the
mechanical, electro-mechanical, and electrical arts
will readily appreciate that the present invention may
be implemented in a very wide variety of embodiments.
This application is intended to cover any adaptations
or variations of the preferred embodiments discussed
herein. Therefore, it is manifestly intended that this
invention be limited only by the claims and the
equivalents thereof.What is claimed is: 1. A connector
assembly comprising: a frame mounted on a printed
circuit substrate having a plurality of contact pads;
a spring member configured for insertion into the
frame and having a flexible circuit supported thereon,
wherein the spring member and frame are shaped to
exert biasing forces in two non-parallel directions
when the spring member is inserted into the frame. 2.
The connector assembly of claim 1, wherein the spring
member and frame are shaped to exert biasing forces in
two substantially orthogonal directions. 3. The
connector assembly of claim 2, wherein the spring
member and frame are shaped to exert a first biasing
force substantially perpendicular to a plane of the
printed circuit substrate, and a second biasing force
substantially' parallel to a plane of the printed
circuit substrate. 4. The connector assembly of claim
3, wherein the first biasing force urges a first
portion of the flexible circuit against the contact
pads of the printed circuit substrate. 5. The
connector assembly of claim 4, wherein the second
biasing force urges a second portion of the flexible
circuit against the frame. 6. The connector assembly
of claim 1, wherein the frame includes at least one
guide feature to direct the spring member into the
frame at an oblique insertion angle with respect to
the printed circuit substrate. 7. The connector
assembly of claim 6, wherein the flexible circuit
includes a plurality of contact pads for engagement
with corresponding contact pads of the printed circuit



substrate, and wherein the at least one guide feature
directs the spring member into the frame such that the
flexible circuit contact pads engage the corresponding
printed circuit substrate contact pads with a wiping
action. 8. The connector assembly of claim 1, wherein
the printed circuit substrate is rigid. 9. The
connector assembly of claim 1, wherein the printed
circuit substrate is flexible.10. The connector
assembly of claim 9, wherein the frame further
comprises a support member extending under the contact
pads of the flexible printed circuit substrate, 11.
The connector assembly of claim 9, wherein the
flexible printed circuit substrate is an intermediate
printed circuit substrate, and the intermediate
printed circuit substrate is electrically connected to
a base printed circuit substrate. 12. The connector
assembly of claim 11, wherein the intermediate printed
circuit substrate is electrically connected to a base
printed circuit substrate at a location outside a
footprint of the frame. 13. The connector assembly of
claim 1, wherein the frame and spring member are each
fabricated from a single piece of sheet metal. 14. The
connector assembly of claim 1, wherein the frame and
spring member have a mated height of less than 1.2
millimeters. 15. The connector assembly of claim 1,
wherein the frame is mounted away from an edge of the
printed circuit substrate. 16. The connector assembly
of claim 1, wherein a first biasing force urges the
flexible circuit against the printed circuit
substrate. 17. The connector assembly of claim 16,
wherein a second biasing force urges the flexible
circuit against the frame. 18. The connector assembly
of claim 1, wherein the flexible circuit includes a
plurality of contact pads, and wherein the spring
member comprises a plurality of spring fingers
adjacent at least a portion of the flexible circuit
contact pads, the spring fingers urging the flexible
circuit contact pads against corresponding printed
circuit substrate contact pads. 19. The connector
assembly of claim 18, further comprising an
elastomeric material 



positioned between the spring fingers and the flexible
circuit contact pads. 20. The connector assembly of
claim 1, further comprising an elastomeric material
positioned between the spring member and the flexible
circuit contact pads.2 1. The connector assembly of
claim 1, wherein the frame is electrically conductive
and connected to a ground of the printed circuit
substrate. 22. The connector assembly of claim 21,
wherein the flexible circuit includes a plurality of
contact pads, and wherein the spring member biases a
first portion of the plurality of flexible circuit
contact pads against the printed circuit substrate
contact pads, and biases a second portion of the
plurality of flexible circuit contact pads against the
frame. 23. A connector assembly comprising: a
conductive frame mounted on a printed circuit and
electrically connected to a ground of the printed
circuit, the printed circuit having a plurality of
printed circuit contact pads within an area bordered
by the frame; a connector portion configured for
insertion into the frame and having a flexible circuit
supported thereon, the flexible circuit having a
plurality of contact pads for engagement with the
plurality of printed circuit contact pads; wherein at
least one of the frame and connector portion comprises
a spring portion, and wherein the frame and connector
portion are cooperatively shaped to exert biasing
forces in two non-parallel directions when the
connector portion is inserted into the frame. 24. The
connector assembly of claim 23, wherein a first
component of the biasing forces urges contact between
the flexible circuit and the printed circuit. 25. The
connector assembly of claim 24, wherein a second
component of the biasing forces urges contact between
the flexible circuit and the frame. 26. The connector
assembly of claim 23, wherein the printed circuit is
rigid. 27. The connector assembly of claim 23, wherein
the printed circuit is flexible. 28. The connector
assembly of claim 27, wherein the frame further
comprises a 



support member extending under the contact pads of the
flexible printed circuit. 29. The connector assembly
of claim 23, wherein at least one of the frame and
connector portion are each fabricated from a single
piece of sheet metal.30. The connector assembly of
claim 23, wherein the frame has a height of less than
1.2 millimeters. 31. The connector assembly of claim
23, wherein the frame is mounted away from an edge of
the printed circuit. 32. A connector assembly for
providing a direct interface between two printed
circuits, the connector assembly comprising: a frame
configured for mounting on a first printed circuit; a
connector portion configured for insertion into the
frame and adapted to support a second printed circuit
thereon; wherein when the connector portion with the
second printed circuit thereon is inserted into the
frame, the connector portion and the frame
cooperatively exert a first biasing force between the
first printed circuit and the second printed circuit,
and a second biasing force between the second printed
circuit and the frame. 33. The connector assembly of
claim 32, wherein the first biasing force and the
second biasing force are non-parallel to each other.
34. The connector assembly of claim 32, wherein the
first biasing force and the second biasing force are
substantially orthogonal to each other. 35. The
connector assembly of claim 32, wherein the frame is
electrically conductive and connected to a ground of
the first printed circuit. 


