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(54) Improvements to flexible circuit assemblies

(57) A flexible circuit assembly (10) comprising a
flexible circuit (60) and a flexible circuit support (62) con-
nected to the flexible circuit (60), the support (62) com-
prising a first section (80) and a second section (82), the
first and second sections sandwiching a portion of the

flexible circuit (60) therebetween, and wherein the first
section (80) comprises forward extending separately
deflectable cantilevered support fingers (94), the flexible
circuit (60) being wrapped over front ends of the fingers
(94).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to electrical con-
nections and, more particularly, to flexible circuit assem-
blies.

2. Prior Art

[0002] U.S. Patent No. 5,620,329 discloses a flexible
circuit mounted on a rigid support and for insertion in a
mating electrical connector.
[0003] European Patent Application No. 0908975 dis-
closes a flexible circuit connector with a clamp arm con-
nected by a living hinge which functions as a strain relief.
[0004] European Patent Application No. 0908968 dis-
closes a female electrical connector having a flexible cir-
cuit on a U-shaped female housing and a box-like outer
shell.
[0005] There is a need to provide an improved flexible
circuit assembly with an increase secure connection of
the flexible circuit to a rigidizer support and which can
also provide deflectability to connection areas of the
flexible circuit and/or which can align the flexible circuit
relative to the housing of the connector and which can
bias contact areas of the flexible circuit against an elec-
trical contact or another electrical assembly.

SUMMARY OF THE INVENTION

[0006] In accordance with one embodiment of the
present invention, a flexible circuit support for an elec-
trical connector is provided comprising a first section; a
living hinge extending in a rearward direction from the
first section; and a second section connected to the first
section by the living hinge. The first and second sections
comprise mateable posts and holes such that the living
hinge can be bent to place the first and second sections
together with the posts projecting into the holes.
[0007] In accordance with another embodiment of the
present invention, a flexible circuit assembly is provided
comprising a flexible circuit; and a flexible circuit support
connected to the flexible circuit. The support comprises
a first section and a second section. The first and second
sections sandwich a portion of the flexible circuit there-
between. The first section comprises forward extending
separately deflectable cantilevered support fingers. The
flexible circuit is wrapped over front ends of the fingers.
[0008] In accordance with another embodiment of the
present invention, a flexible circuit is provided compris-
ing a flexible substrate and electrical conductors located
on the flexible substrate. The improvement comprises
the flexible substrate comprising a main section with a
front end having at least one first mounting hole there-
through and at least one flap extending from a lateral

side of the main section.
[0009] In accordance with yet another embodiment of
the present invention an electrical connector is provided
comprising a housing; a flexible circuit and rigidizer su-
bassembly located in the housing; and a spring located
in the housing and contacting a first side of the sub-
assembly. A second opposite side of the subassembly
comprises an electrically conductive area. The spring
biases the subassembly in a direction of the second op-
posite side. The spring is not electrically connected to
the electrically conductive area.
[0010] In accordance with yet another embodiment of
the present invention, an electrical connector is provid-
ed comprising a housing; a first flexible circuit and ri-
gidizer subassembly located in the housing; and a first
spring member located between the housing and the su-
bassembly. The spring member contacts opposite later-
al sides of the subassembly to thereby align the sub-
assembly in the housing.
[0011] In accordance with even yet another embodi-
ment of the present invention, an electrical connector is
provided comprising a housing; a flexible circuit and ri-
gidizer subassembly located in the housing; and a
spring member located between the housing and the su-
bassembly. The spring member is connected to the
housing and comprises locking sections which contact
opposite lateral sides of the subassembly to thereby re-
tain the subassembly in the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing aspects and other features of
the present invention are explained in the following de-
scription, taken in connection with the accompanying
drawings, wherein:

Fig. 1 is a perspective view of an electrical connec-
tor and flexible circuit assembly incorporating fea-
tures of the present invention;

Fig. 2 is an exploded perspective view of the as-
sembly shown in Fig. 1;

Fig. 3 is a cross-sectional view of the assembly
shown in Fig. 1 connected to a mating electrical
connector;

Figs. 4A and 4B are perspective views of two differ-
ent types of flexible circuit supports which can be
used in the assembly shown in Figs. 1-3;

Figs. 5A and 5B are perspective views of a portion
of two different types of the flexible circuits shown
in Figs. 1-3;

Fig. 6 is a perspective view of the support shown in
Fig. 4A having the end of the flexible circuit shown
in Fig. 5A mounted thereon;
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Fig. 7 is a perspective view of one of the spring
members shown in Figs. 2 and 3;

Fig. 8 is a cross-sectional view of an alternate em-
bodiment of the present invention which connects
two flexible circuits to each other;

Fig. 9 is a cross-sectional view of an alternate em-
bodiment of the present invention which connects
a flexible circuit to a printed circuit board;

Fig. 10 is a cross-sectional view of an alternate em-
bodiment of the present invention of an electrical
connector and flexible circuit assembly having a
solder tab;

Fig. 11 is a cross-sectional view of an alternate em-
bodiment of the present invention of an electrical
connector and flexible circuit assembly having a
solder pin;

Fig. 12 is a cross-sectional view of an alternate em-
bodiment of the present invention of an electrical
connector and flexible circuit assembly having a
wire crimp contact attached to a wire;

Fig. 13 is a cross-sectional view of an alternate em-
bodiment of the present invention of an electrical
connector and flexible circuit assembly attached to
a female receptacle having a wire crimp contact and
separate spring member; and

Fig. 14 is a perspective bottom view of an alternate
embodiment of the flexible circuit support having
the flexible circuit mounted thereto.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0013] Referring to Fig. 1, there is shown a perspec-
tive view of an electrical connector and flexible circuit
assembly 10 incorporating features of the present in-
vention. Although the present invention will be de-
scribed with reference to the embodiments shown in the
drawings, it should be understood that the present in-
vention can be embodied in many alternate forms of em-
bodiments. In addition, any suitable size, shape or type
of elements or materials could be used.
[0014] Referring also to Figs. 2 and 3, the assembly
10 generally comprises a housing 12, two flexible circuit
and support subassemblies 14, electrical contacts 16,
and spring members 18. The housing 12 is preferably a
one piece member comprised of molded plastic or pol-
ymer material. However, any suitable material(s) or
numbers of members could be used. The housing 12
has a front end 20 with apertures 22 adapted to receive
male sections 2 of contacts from a mating electrical con-
nector 3. The front end 20 is sized and shaped to be

inserted into a receiving area 4 of the mating electrical
connector. The housing 12 has two interior receiving ar-
eas 24 separated by a separator wall 26 and having
open rear ends. The separator wall 26 includes recess-
es 27 for the contacts 16 on its top and bottom sides.
The front end 20 has pockets 21 for the front ends 30 of
the contacts 16 at the apertures 22. The housing 12 also
has latch receiving areas 28 in its top and bottom walls.
[0015] The contacts 16 each comprise a female sec-
tion at its front end 30 and a tail 32. In this embodiment
the connector has eight of the contacts 16 arranged in
two rows of four each. However, any suitable number of
contacts or arrangement could be provided. The front
end female sections 30 are adapted to make a remov-
able electrical connection with the male sections 2 when
the male sections are inserted through the apertures 22.
The tails 32 lie against the separator wall 26 in the con-
tact recesses 27. The tails 32 include raised contact
ridges 34. However, in alternate embodiments any suit-
able type of contacts could be provided.
[0016] Referring also to Fig. 7, the spring members
18 generally comprise a one-piece metal member. How-
ever, any suitable type of material(s) or number of piec-
es could be used. In this embodiment the assembly 10
has two of the spring members, but more or less than
two spring members could be provided. In this embod-
iment the two spring members 18 are the same, but
merely oriented in opposite orientations. In alternate
embodiments the spring members could have different
shapes. Each spring member 18 generally comprises
two opposite lateral sides 36 connected by a main sec-
tion 38. The sides 36 have spring sections 40, which
comprise resiliently deflectable cantilevered arms hav-
ing inward extensions 42 at their rear ends. The main
section 38 includes front end spring fingers 44, housing
engagement latches 46, and spring sections 48. The
latches 46 engage the latch receiving areas 28 of the
housing 12 to fixedly mount the spring members 18 in
the interior receiving areas 24 of the housing 12. The
sides 36 can rest against the separator wall 26. The front
end spring fingers 44 extend in a forward direction in a
general cantilever fashion and bend back in a rearward
and inward direction. The fingers 44 are separately re-
siliently deflectable relative to each other. Ends of the
fingers 44 include curves 50. The spring sections 48 ex-
tend inward from the main section 38 and also include
ends with curves 52.
[0017] Referring now to Figs. 2, 3, 4A and 5A, the flex-
ible circuit and support subassemblies 14 generally
comprise a flexible circuit 60 and a support or rigidizer
62. In this embodiment the assembly 10 has two of the
subassemblies. In alternate embodiments the assembly
could have more or less than two subassemblies. The
flexible circuit includes a flexible substrate 64 and flex-
ible electrical conductors 66 on the substrate 64.
Fig. 5A shows one end 68 of the flexible circuit 60 with
the conductors 66 exposed. The conductors 66 are pref-
erably covered along the length of the flexible circuit ex-
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cept at its ends. The substrate 64, in this embodiment,
includes a front end 70 with two first mounting holes 72
and two flaps 74 extending from opposite lateral sides
of the substrate. The flaps 74 are set back from an end
edge 76 of the flexible circuit 60. Each flap 74 includes
a second mounting hole 78. The conductors 66 are ex-
posed on one side 63 of the substrate 64 and end at a
location E spaced from the end edge 76, but past the
flaps 74. In this embodiment the flexible circuit has four
conductors. However, any suitable number could be
provided.
[0018] The support or rigidizer 62, as best seen in Fig.
4A, comprises a one-piece member made of molded
plastic or polymer material. However, any suitable ma-
terial(s) could be used and the support could be com-
prised of an assembly of multiple members. The support
62 generally comprises a first section 80, a second sec-
tion 82, and a living hinge 84 connecting the second sec-
tion to the first section. The first section 80 generally
comprises holding structure elements or posts 86 ex-
tending from a side 88, front and rear lateral side pro-
jections 90, 91, curved or rounded edge portions 92 on
lateral sides between the projections 90, 91, and canti-
levered fingers 94 projecting in a forward direction. The
fingers 94 are separately resiliently deflectable. The
hinge 84 extends from the rear end of the first section
80. A front end 96 of the second section 82 is connected
to the hinge 84. The second section 82 includes holding
structure elements or holes 98 and projections 100 on
opposite lateral sides of the second section. In alternate
embodiments any suitably type of mateable holding
structure elements could be provided. In addition, the
first and second members could be connected to each
other by any suitable type of movable connection or
could be separate from each other until mated with each
other. The first and second sections could also have any
suitable size, shape or features.
[0019] Fig. 4B shows an alternate embodiment of the
rigidizer 62' which is substantially the same as the ri-
gidizer 62 shown in Fig. 4A except at the front of the first
section 80. In this embodiment, the fingers 94' have a
narrower cross-section at the joint with the rest of the
first section. This is provided in order to increase flexi-
bility of the fingers 94'. In alternate embodiments, any
suitable means could be used to increase flexibility of
the fingers.
[0020] Fig. 5B shows an alternate embodiment of the
flexible circuit 60' which is substantially the same as the
flexible circuit 60 shown in Fig. 4A. In this embodiment,
the substrate 64 includes slits 65'. The slits 65' are lo-
cated between the conductors 66 allowing greater mo-
bility of the conductors relative to each other at the slits
65'. In another alternate embodiment the flexible circuit
could have a ground plane electrical contact trace on
the substrate on an opposite side of the substrate from
the signal contact traces 66. The ground contact trace
could be electrically contacted by the spring or the sup-
port 62 if the support has an electrically conductive sec-

tion. In other alternate embodiments, any suitable com-
bination or orientation of ground and signal contact trac-
es or areas on the flexible circuit could be provided.
[0021] Referring also to Fig. 6, the flexible circuit 60
and the support 62 are shown partially assembled. The
side 61 of the flexible circuit 60 is placed against the
support 62 and wrapped or folded around the front end
of the fingers 94. The flaps 74 are folded over the round-
ed edge portions 92. The flaps 74 are placed on the
posts 86; the posts 86 extending through the holes 78.
The front end 70 of the substrate is also placed on the
posts 86; the posts 86 extending through the holes 72.
Thus, the flaps 74 and front end 70 overlap each other
at the posts 86. Referring also to Fig. 2, the second sec-
tion 82 is then mounted onto the posts 86. The hinge 84
merely being bent to fold the second section 82 into a
position over the first section 80. The lateral side pro-
jections 100 on the second section 82 fit between the
front and rear projections 90, 91 on the first section 80.
With the first and second sections 80, 82 attached to
each other by the posts 86 and holes 98, portions of the
flaps 74 and the front end 70 including the end edge 76
are sandwiched between the two sections 80, 82. This
securely seats the flexible circuit 60 on the fingers 94.
In alternate embodiments additional or alternative
means could be used to attach the first and second sec-
tions to each other or attach the flexible circuit to the first
section before the second section is mounted onto the
first section. The side 63 of the flexible circuit 60, having
the exposed conductors 66 thereon, is located such that
the conductors 66 are at the outer side of the subassem-
bly 14. The location E of the ends of the conductors 66
is located at one side of the fingers 94, but the conduc-
tors 66 do not wrap around the fingers 94. Thus, one
outer side 102 of the assembly 14 at the front end has
the conductors thereon and the opposite outer side 104
does not have the conductors.
[0022] Once the subassemblies 14 are assembled,
they can easily be inserted into the housing 12 and
spring members 18. Preferably, the spring members 18
are inserted into the housing 12 first. As the subassem-
blies 14 are inserted, the spring fingers 44 and spring
sections 48 are deflected out of the path and exert a
spring force to bias the subassemblies towards the sep-
arator wall 26. The lateral side spring sections 40 exert
an alignment or centering force on the lateral sides of
support 62 to center the subassemblies 14 in the hous-
ing 12. In addition, the inward extensions 42 on the
spring sections 40 can latch behind the rear projections
91 to retain the subassemblies 14 inside the housing 12.
As the subassemblies 14 are inserted into the housing
12, the side 63 of the flexible circuit 60 slides onto the
top surfaces of the ridges 34 on the tails 32 of the con-
tacts 16. More specifically, the exposed conductors 66
come into electrical contact with the ridges 34. The
spring fingers 44 exert biasing forces against the side
104 to press the side 102 against the ridges 34. In this
embodiment each conductor 66 has a respective finger

5 6



EP 1 195 852 A1

5

5

10

15

20

25

30

35

40

45

50

55

94 and spring finger 44. Thus, individual and separate
biasing forces can be exerted on the conductors 66 by
their respective fingers 94 and spring fingers 44 to in-
sure good electrical contact between the conductors
and the contacts 16. However, individual and separate
biasing forces need not be provided.
[0023] The spring members 18 do not function as
electrical connectors. Their spring function is separated
from having to perform an electrical connection to the
conductors 66. The spring members 18, because they
surround the subassemblies 14, can also perform a
shielding function. In alternate embodiments, other
types of subassemblies, spring members, contacts or
housings could be provided.
[0024] Referring now to Figs. 8-12 various different al-
ternate embodiments will be described which use the
subassemblies 14 and the spring members 18. The em-
bodiment shown in Fig. 8 is generally intended to con-
nect two flexible circuits to each other. The two flexible
circuits 60a, 60b are part of two subassemblies 14. The
connector 110 includes a housing 112 and two of the
spring members 18. The housing 112 has two receiving
areas 114a, 114b which have entrances 116a, 116b on
opposite ends of the housing 112. The two receiving ar-
eas 114a, 114b are offset, but meet at an area 118.
When the subassemblies 14 are inserted into the receiv-
ing areas 114a, 114b the spring member 18 bias the flex-
ible circuits 60a, 60b against each other at the area 118
to electrically connect their conductors to each other.
[0025] The connector 120 in Fig. 9 includes a housing
122, a spring member 18 and a subassembly 14. The
connector 120 is used to connect the flexible circuit 60
to a printed circuit board 124. The housing 122 is fixed
against a side 126 of the board 124 by suitable fasteners
(not shown). The side 126 has contact pads. The hous-
ing 122 has an open side 128 which is placed against
the side 126. When the subassembly 14 is inserted into
the housing 122 the spring member 18 biases the sub-
assembly 14 against the side 126 of the board 124. The
conductors on the side 63 of the flexible circuit 60 are,
thus, biased against the contact pads on the side 126
of the board 124.
[0026] The connector 130 shown in Fig. 10 generally
comprises a housing 132, solder tabs 134 (only one of
which is shown), a spring member 18 and a subassem-
bly 14. The solder tabs 134 have ends 136 inside the
receiving area 138 and ends 140 at an outer side of the
housing 132. The ends 136 have raised areas 142.
When the subassembly 14 is inserted into the receiving
area 138 the side 63 is biased by the spring member 18
against the raised areas 142. This electrically connects
the conductors on the side 63 to the solder tabs 134.
The ends 140 can be soldered to another electronic
component.
[0027] The connector 150 shown in Fig. 11 generally
comprises a housing 152, solder pins 154 (only one of
which is shown), a subassembly 14 and a spring mem-
ber 18. The solder pins 154 have ends 156 inside the

receiving area 158 and ends 160 which project outward
from the housing 152. The ends 156 in the receiving ar-
ea 158 have raised areas 162 for making an electrical
contact with the conductors on the side 63 of the flexible
circuit 60. The ends 160 can be inserted into holes of
another electronic component and soldered thereto.
[0028] The connector 170 shown in Fig. 12 is for con-
necting electrical wires 172 to the flexible circuit 60. The
connector 170 comprises a housing 174, the subassem-
bly 14, and the spring member 18. The wires 172 have
crimp terminals 176 connected thereto (only one of
which is shown). The terminals 176 each have a section
178 which is electrically and mechanically crimped onto
the wires 172. The terminals 176 each have a section
180 which project into the receiving area 182. The spring
member 18 biases the subassembly 14 against the sec-
tions 180 of the terminals 176 to electrically connect the
wires 172 to the conductors on the flexible circuit 60.
[0029] Referring now to Fig. 13 another alternate em-
bodiment is shown. In this embodiment a connector 190
is shown connected to a mating connector 192. The con-
nector 190 comprises a housing 194 and a subassembly
14. The housing 194 has a mating connector receiving
area 196. The front end 15 of the subassembly 14
projects into the receiving area 196. The mating con-
nector 192 comprises a housing 198, a spring member
200, a terminal position assurance member 202, and
crimp terminals 294 connected to electrical wires 206.
The crimp terminals 204 have "U" shaped front ends 208
with sections 210 which can removably contact the con-
ductors on the flexible circuit 60. A section 212 of the
spring member 200 is received in the "U" shaped front
ends 208. The spring member 200 has a general "U"
shape and biases the front end 15 against the sections
210 of the terminals 204.
[0030] Referring now to Fig. 14, an alternate embod-
iment of the flexible circuit and rigidizer subassembly is
shown. In this embodiment the rigidizer or support 220
is substantially the same as the support 62, but includes
a bridge 222. In this embodiment the flexible circuit 224
does not include lateral flaps. The bridge 222 is part of
the first section 226. The flexible circuit 224 is inserted
through a gap or slot between the bridge 222 and the
first section, wrapped around the front ends of the fin-
gers 228 and mounted on posts of the first section. The
hinge 230 is bent to mount the second section 232 onto
the first section 226 and sandwiching the end of the flex-
ible circuit 224 between the first and second section.
Thus, features of the present invention can be used with
flexible circuits that do not have lateral flaps. Features
of the present invention could be used with any suitable
type of flexible circuit and rigidizer subassembly.
[0031] It should be understood that the foregoing de-
scription is only illustrative of the invention. Various al-
ternatives and modifications can be devised by those
skilled in the art without departing from the invention.
Accordingly, the present invention is intended to em-
brace all such alternatives, modifications and variances
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which fall within the scope of the appended claims.

Claims

1. A flexible circuit assembly (10) comprising:

a flexible circuit (60); and
a flexible circuit support (62) connected to the
flexible circuit (60), the support (62) comprising
a first section (80) and a second section (82),
the first and second sections sandwiching a
portion of the flexible circuit (60) therebetween,
and wherein the first section (80) comprises for-
ward extending separately deflectable cantilev-
ered support fingers (94), the flexible circuit
(60) being wrapped over front ends of the fin-
gers (94).

2. An assembly as in Claim 1 wherein the fingers (94)
are parallel to each other with slots therebetween.

3. An assembly as in Claim 1 or 2 wherein the support
(62) further comprises a hinge (84) movably con-
necting the first and second sections (80, 82) to
each other.

4. An assembly as in any of Claims 1 to 3 wherein the
hinge (84) comprises a living hinge extending in a
rearward direction from the first section (80).

5. An assembly as in any of the preceding Claims
wherein the flexible circuit (60) comprises first
mounting holes (72) and the first section (80) com-
prises posts (86) which extend though the first
mounting holes (72), and wherein the second sec-
tion (82) is mounted to the posts (86).

6. An assembly as in any of the preceding Claims
wherein the flexible circuit (60) comprises at least
one lateral tab (74) which wraps around a lateral
side of the first section.

7. An assembly as in Claim 6 wherein the lateral tab
(74) comprises a second mounting hole (78)
aligned with one of the first mounting holes (72) on
one of the posts (86).

8. An assembly as in Claim 6 wherein the lateral tab
(74) which wraps around a lateral side (92) of the
first section (80) is overlapped with another portion
of the flexible circuit (60) between the first and sec-
ond sections (80, 82).

9. An assembly as in Claim 6 wherein the flexible cir-
cuit comprises two of the lateral tabs extending from
opposite lateral sides of the flexible circuit.

10. An electrical connector comprising:

a housing (12);
a flexible circuit (60) and rigidizer subassembly
(14) as in any of claims 1 to 9 located in the
housing (12); and
a spring (18) located in the housing (12) and
contacting a first side of the subassembly (14),

wherein a second opposite side of the subassembly
(14) comprises an electrically conductive area,
wherein the spring (18) biases the subassembly
(14) in a direction of the second opposite side, and
wherein the spring (18) is not electrically connected
to the electrically conductive area.

11. An electrical connector as in Claim 10 further com-
prising at least one electrical contact (16) located
on the second side of the subassembly (14), where-
in the spring (18) biases the electrically conductive
area against the contact (16).

12. An electrical connector as in Claim 10 or 11 wherein
the housing (12) comprises an opening along the
second side of the subassembly (14), wherein the
housing (12) can be placed against an electrical
component with the electrically conductive area di-
rectly contacting the electrical component at the
opening.

13. An electrical connector as in one of Claims 10 to 12
further comprising a second spring and a second,
flexible circuit (60) and rigidizer subassembly (14)
located in the housing (12).

14. An electrical connector as in Claim 13 wherein the
two subassemblies (14) are biased by the springs
(18) directly against each other.

15. An electrical connector as in any of Claims 10 to 14
wherein the spring (18) comprises lateral side
spring sections applying an alignment biasing force
to lateral sides of the subassembly (14).

16. An electrical connector as in any of Claims 10 to 15
wherein the spring (18) comprises parallel spring
fingers which are independently deflectable and
which contact the first side of the subassembly (14)
at a front end of the subassembly (14).
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