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FLAT CIRCUIT CONNECTOR

Field of the Invention:

This invention generally relates to the art of electrical connectors and, particularly, to a
connector for terminating a flat circuit, such as a flat flexible circuit, a flexible printed circuit or
other flat electrical cable. The connector is provided for mounting on a printed circuit board, and

means are provided for grounding the flat circuit to the printed circuit board.

Background of the Invention:

A wide variety of electrical connectors have been designed for terminating flat cables or
circuits, such as flat flexible cables, flexible printed circuits or the like. A typical connector for
flat circuits includes a dielectric housing molded of plastic material, for instance. The housing
has an elongated opening or slot for receiving an end of the flat circuit which has generally
parallel, laterally spaced conductors exposed across the end. A plurality of terminals are
mounted in the housing and are spaced laterally along the slot, with contact portions of the
terminals engageable with the laterally spaced conductors of the flat circuit. An actuator often is
movably mounted on the housing for movement between a first position whereat the flat circuit
is freely insertable into the slot and a second position whereat the actuator clamps the circuit in
the housing and biases the circuit against the contact portions of the terminals.

The actuator may comprise a slide member which is designed to be inserted into the
insertion opening together with the flat circuit and to press the contact portions of the terminals
against the flat circuit and prevent removal thereof. For example, see Japanese Patent
Application Laid-Open No. H7-326439.

In the connector disclosed in the above publication, a grounding conductive member is
attached to the connector housing for forming a ground circuit opposite the terminals. When the
contact portions of the terminals are pressed against the conductors of the flat circuit, the
grounding conductive member comes into contact with a ground conductor of the flat circuit to
ground the circuit to a printed circuit board. The grounding conductive member discharges
electric charges and eliminates the adverse effect of noise on various pieces of equipment and

other associated electronic devices.
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However, problems are encountered with grounding systems as described above, because
the grounding conductive member comes into contact with the ground conductor of the flat
circuit at a position substantially coincident with the position where the contact portions of the
connector terminals come into contact with the signal traces on the flat circuit, with respect to the
insertion direction of the flat circuit. Because of the proximity of these positions, noise may be
generated from electrical charges.

In addition, the grounding conductive member is soldered to grounding lands on the
printed circuit board directly under the connector housing. Therefore, the solder connections
cannot be inspected and repaired if defective. The present invention is directed to solving these

various problems.

Summary of the Invention:

An object, therefore, of the invention is to provide a flat circuit connector of the character
described and including a new and improved grounding connection between the flat circuit and a
printed circuit board.

In the exemplary embodiment of the invention, a flat circuit connector includes a
dielectric housing for mounting on a printed circuit board and having an opening at a front
portion thereof for receiving an end of a flat circuit. A mounting slot is provided at the front
portion of the housing. A plurality of terminals are mounted on the housing and are spaced along
the opening. A grounding retention member is mounted at the front of the housing and includes
a locking portion, a grounding portion and a terminal portion. The locking portion is insertable
into the mounting slot at the front portion of the housing. The grounding portion secures the
connector to a ground circuit on the printed circuit board. The terminal portion engages a ground
conductor on the flat circuit inserted into the opening at the front of the housing.

The connector may include an actuator movably mounted on the housing. The actuator
moves between an open position allowing the end of the flat circuit to be inserted into the
opening and a closed position to relatively bias the flat circuit against the terminals.

As disclosed herein, the locking portion of the grounding retention member comprises a
locking finger projecting into the mounting slot at the front of the housing in the direction of
insertion of the flat circuit into the opening. The terminal portion of the retention member

comprises a flexible terminal tab bent into the opening at the front portion of the housing. The
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grounding portion of the retention member comprises a grounding finger projecting forwardly of
the housing.

The grounding retention member includes a base portion disposed beneath the front
portion of the housing. The locking portion, the grounding portion and the terminal portion of
the retention member all project from a front edge of the base portion. In the preferred
embodiment, the base portion of the retention member is elongated and includes a plurality of the
locking portions, the grounding portions and the terminal portions spaced along the elongated
base portion.

Other objects, features and advantages of the invention will be apparent from the

following detailed description taken in connection with the accompanying drawings.

Brief Description of the Drawings:

The features of this invention which are believed to be novel are set forth with
particularity in the appended claims. The invention, together with its objects and the advantages
thereof, may be best understood by reference to the following description taken in conjunction
with the accompanying drawings, in which like reference numerals identify like elements in the
figures and in which:

FIG. 1 is a top, front perspective view of a flat circuit connector according to the
invention, with the actuator pivoted to its open position;

FIG. 2 is a perspective view similar to that of FIG. 1, with the actuator pivoted to its
closed position;

FIG. 3 is a front perspective view of the grounding retention member;

FIG. 4 is a fragmented plan view of an end of a flat circuit used in the connector of the
invention;

FIG. 5 is a vertical section taken generally along line 5-5 in FIG. 4;

FIG. 6 is a view similar to that of FIG. 5, with the flat circuit turned upside-down relative
to the orientation in FIG. 5;

FIG. 7 is an enlarged, froni-to-rear vertical section through the connector receiving the
flat circuit and with the actuator in its open position of FIG. 1; and

FIG. 8 is a view similar to that of FIG. 7, with the actuator in its closed position of FIG.
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Detailed Description of the Preferred Embodiment:

Referring to the drawings in greater detail, FIGS. 1 and 2 show a flat circuit connector,
generally designated 10, according to an exemplary embodiment of the invention. The connector
is configured for mounting on a printed circuit board (described hereinafter), and the connector is
provided for terminating a flat electrical circuit (also described hereinafter). The term “flat
circuit” herein and in the claims hereof is intended to refer to all kinds of flat electrical cables,
including but not limited to flat flexible circuits, flexible printed circuit boards, flat rigid and
flexible cables or the like. The connector includes two main components, namely an elongated
dielectric housing, generally designated 12, and an elongated actuator, generally designated 14,
movably mounted on the housing, along with a plurality of terminals, generally designated 16,
mounted on the housing in a side-by-side array longitudinally thereof.

Actuator 14 is pivotally mounted relative to housing 12 for pivotal movement between an
open position (Fig. 1) allowing an end of the flat circuit to be inserted into the connector and a
closed position (Fig. 2) to bias the flat circuit against contact portions 16a of terminals 16. The
housing and/or actuator define an elongated circuit insertion opening, generally designated 18, at
the front of the housing for receiving the end of the flat circuit for termination to contact portions
16a of terminals 16. As will be seen hereinafter, the flat circuit has spaced conductors laterally
thereof. Each of the housing 12 and the actuator 14 may be a one-piece structure unitarily
molded of dielectric material such as plastic or the like. The terminals typically are stamped and
formed of sheet metal material.

More particularly, housing 12 has a lower front portion 12a, an upper rear portion 12b
and opposite end walls 12¢ all combining to define circuit insertion opening 18. A plurality of
terminal-receiving grooves 20 are formed along insertion opening 18 for mounting terminals 16
therein. In the illustrated embodiment, the terminal-receiving grooves are formed at a pitch of,
for example, approximately 0.5 mm, with a single terminal 16 inserted into each groove.
Terminals 16 are not necessarily required to be positioned in all of the terminal-receiving
grooves, in that some of the terminals may be omitted in accordance with the arrangement of the
conductors on the flat circuit.

A pair of upwardly opening, bearing recessed areas 22 are formed inside end walls 12¢ of
the housing for receiving pivoting shafts 24 which project outwardly from opposite ends of
actuator 14. A pair of slots 26 open at the front of end walls 12¢ for receiving a pair of fitting
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nails 28. The fitting nails are fabricated of metal material and include feet portions 28a which
project outwardly relative to the housing for connection to appropriate mounting pads on the
printed circuit board, as by soldering, to secure the housing to the board.

Finally, a pair of mounting slots 30 and three recesses 32 are formed in lower front
portion 12a of housing 12. Slots 30 and recesses 32 alternate along insertion opening 18, and the
slots and recesses open through a front face 34 of the lower front portion of the housing at the
front of the insertion opening.

Actuator 14 includes a main body portion 14a which also is elongated to extend along the
elongated insertion opening 18. It can be seen in FIG. 2 that main body portion 14a has a length
to fit between ends walls 12¢ of housing 12 when the actuator pivots downwardly from its open
position (Fig. 1) to its closed (Fig. 2). It can be seen in FIG. 1 that actuator 14 has a plurality of
slots 34 separated by partition walls 36. Slots 34 are aligned with terminal-receiving grooves 20
in housing 12. As stated above, positioning shafts 24 at opposite ends of actuator 14 project into
the bearing recessed areas 22 inside the end walls 12¢ of the housing.

Referring to FIG. 3 in conjunction with FIGS. 1 and 2, a grounding retention member,
generally designated 40, is mounted along front face 34 of the lower front portion 12a of housing
12. The grounding retention member is elongated and extends along insertion opening 18. The
retention member is stamped and formed of flexible or spring metal material. The grounding
retention member includes an elongated base portion 40a which is generally planar and extends
rearwardly from front face 34 beneath housing 12. The base portion has a front edge 42 and a
rear edge 44. Four grounding portions 40b project forwardly of front edge 42 and are coplanar
with base portion 40a. The grounding portions comprise grounding fingers for connection, as by
soldering, to appropriate ground circuits or pads on the printed circuit board. With the grounding
fingers projecting forwardly of front face 34 of the housing as seen in FIGS. 1 and 2, the solder
connections with the circuit board can easily be inspected.

Grounding retention member 40 includes two locking portions 40c which project into
mounting slots 30 to secure the retention member to housing 12. The locking portions are in the
form of fingers which are bent from front edge 42 back over base portion 40a for insertion into
mounting slots 30. The locking fingers have barbs 46 which bight into the plastic material at the

sides of mounting slots 30 to fix retention member to housing 12.



WO 2006/026036 PCT/US2005/027471

Grounding retention member 40 also includes three terminal portions 40d for engaging
ground conductors on the flat circuit when the circuit is inserted into opening 18. The terminal
portions are formed by flexible terminal tabs which are bent from edge 42 back over base portion
40a of the retention member. Terminal tabs 40d are aligned above recesses 32 and are spaced
above the top surface of front portion 12a of the housing so that the terminal tabs can flex
downwardly when engaging the flat circuit. In other words, recesses 32 accommodate flexing of
terminal tabs 40d.

FIG. 4 is a plan view of an end of a flat circuit, generally designated 50, for insertion into
insertion opening 18 of connector 10. The flat circuit has a leading end 50a. This view actually
is a bottom plan view of the flat circuit in relation to the orientation of the circuit as it would be
inserted into opening 18 when connector 10 is oriented as shown in FIGS. 1 and 2. The flat
circuit is turned over to the orientation as shown in FIG. 5 before insertion into the connector.

With that understanding, and referring to FIG. 5 in conjunction with FIG. 4, flat circuit
50 includes a plurality of signal conductors 52 which are sandwiched between a pair of first and
second insulating layers 54 and 56, respectively. A ground layer 58 of electrically conductive
metal is disposed on second insulating layer 56. A first shield layer 60 is disposed on first
insulating layer 54, and a second shield layer 62 is disposed on ground layer 58. It can be seen in
the drawings that, while first insulating layer 52 completely covers one side of signal conductors
52, second insulating layer 56 is shorter than the conductors to expose distal ends of the
conductors, as at 64 (Fig. 5). The distal end of ground layer 58 is set back from the end of
second insulating layer 56, and the second shield layer 62 is shorter than the ground layer to
expose a distal end of the ground layer, as at 66.

FIG. 6 shows flat circuit 50 turned upside-down relative to the orientation of FIGS. 4 and
5, to show the orientation of the flat circuit when it is inserted into opening 18 in the direction of
arrow 70 (Fig. 6). It can be seen that the distal ends 64 of signal conductors 52 are exposed
immediately adjacent the leading end 50a of the flat circuit whereby the conductors will engage
contact portions 16a (Fig. 1) of terminals 16 when the flat circuit is inserted into opening 18.
Signal conductors 52 are at a pitch of 0.5 mm corresponding to that of terminals 16. The distal
end 66 of ground layer 58 is exposed at a position spaced from the leading end 50a of the flat -
circuit. In other words, the engaging area of ground layer 50 with the ground conductor(s) of the

flat circuit is located remote from the engagement area of signal conductors 52 with contact
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portions 16a of terminals 16. Therefore, with the grounding interface of the connector being
spaced or remote from the signal interface of the connector, noise from the grounding interface
will not be generated in the signal connections.

FIG. 7 shows flat circuit 50 inserted into opening 18 of connector 10, with actuator 14 in
its open position. Signal terminals 16 are inserted into a plurality of terminal-receiving passages
72 at the rear of housing 12 in the direction of arrow 74. Each signal terminal includes a contact
spring arm 16b at the bottom of insertion opening 18. Contact portion 16a of the terminal
projects upwardly at the distal end of the contact spring arm. FIG. 7 shows connector 10
mounted on a printed circuit board 76, and the terminals include tail portions 16d for surface
connection, as by soldering, to appropriate circuit traces on the printed circuit board. Each
terminal has an upper rigid arm 16e which projects forwardly above insertion opening 18 and
terminates in a hooked pivot end 16f. Rigid arm 16e is press-fit between a pair of upper and
lower bearing surfaces 78 and 80, respectively, of the terminal-receiving passages 72 to fix the
terminal within housing 12. With pivot shafts 24 (Fig. 1) resting in recesses 24, and with the
hooked pivot ends 16f of the terminals opening downwardly, actuator 14 is captured on housing
12 and cannot be lifted therefrom.

Still referring to FIG. 7, partition walls 36 which separate slots 34 define a plurality of
pressing ribs of the actuator. The pressing ribs have first pressing surface 36a and second
pressing surface 36b. Integral pivot pin portions 82 of actuator 14 span slots 34 between
pressing ribs 36, and the pivot pin portions seat within the hooked pivot ends 16f of signal
terminals 16.

With actuator 14 in its open position as shown in FIG. 7, flat circuit 50 is inserted into
opening 18 in the direction of arrow 70 until leading end 50a of the flat circuit abuts against an
interior wall 84 of housing 12. First pressing surfaces 36a of pressing ribs 36 are parallel to the
insertion direction of the flat circuit and apply little or no pressure on the flat circuit so that the
flat circuit can be easily inserted into the connector. When the flat circuit is fully inserted, signal
conductors 52 (Figs. 4-6) at the extreme distal end of the flat circuit will be aligned with contact
portions 16a of signal terminals 16. Ground layer 58 of the flat circuit will be aligned with
terminal tabs 40d of the grounding retention member 40. It can be seen that the grounding
interface of terminal tabs 40d with ground layer 58 is at the extreme front of the connector while

the signal interface of contact portions 16a with the signal terminals of the flat circuit is remote
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therefrom at the extreme inner end of insertion opening 18. Therefore, the grounding retention
member can dissipate electrical charges without generating noise in the sighal circuits.

FIG. 8 shows actuator 14 pivoted downwardly in the direction of arrow 86 to its closed
position. In its closed position, pressing surfaces 36b of pressing ribs 36 bias flat circuit 50 into
engagement with contact portions 16a of signal terminals 16, flexing the contact spring arms 16b
downwardly to provide a positive conductive engagement between contact portions 16a and
signal conductors 52 (Figs. 3-6) of the flat circuit. The actuator also maintains ground layer 58
of the flat circuit in engagement with terminal tabs 40d of the grounding retention member 40.

It will be understood that the invention may be embodied in other specific forms without
departing from the spirit or central characteristics thereof. The present examples and
embodiments, therefore, are to be considered in all respects as illustrative and not restrictive, and

the invention is not to be limited to the details given herein.
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CLAIMS:

What is claimed is:

1. An electrical connector for mounting on a printed circuit board and for
terminating a flat electrical circuit, comprising:

a dielectric housing for mounting on the circuit board and having an opening at a front
portion thereof for receiving an end of the flat circuit, along with a mounting slot at the front
portion of the housing;

a plurality of terminals mounted on the housing and spaced along the opening; and

a grounding retention member at the front of the housing and including

a locking portion insertable into said mounting slot at the front portion of the housing,

a grounding portion for securing the connector to a ground circuit on the printed circuit
board, and

a terminal portion for engaging a ground conductor on the flat circuit inserted into said

opening.

2. The electrical connector of claim 1 wherein the grounding portion of said

grounding retention member comprises a grounding finger projecting forwardly of the housing.

3. The electrical connector of claim 1 wherein the locking portion of said grounding
retention member comprises a locking finger projecting into said mounting slot in the direction

of insertion of the flat circuit into said opening.

4. The electrical connector of claim 1 wherein the terminal portion of said grounding
retention member comprises a flexible terminal tab bent into said opening at the front portion of

the housing.

S. The electrical connector of claim 1 wherein said grounding retention member
includes a base portion disposed beneath the front portion of the housing, and said locking
portion, said grounding portion and said terminal portion all project from a front edge of the base

portion.
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6. The electrical connector of claim 5 wherein the base portion of said grounding
retention member is elongated and includes a plurality of said locking portions, a plurality of said
grounding portions and a plurality of said terminal portions spaced along the elongated base

portion.

7. An electrical connector for mounting on a printed circuit board and for
terminating a flat electrical circuit, comprising:

an elongated dielectric housing for mounting on the circuit board and having an
elongated opening at a front portion thereof for receiving an end of the flat circuit, along with a
mounting slot at the front portion of the housing;

a plurality of terminals mounted on the housing and spaced along the opening; and

a grounding retention member at the front of the housing and including

an elongated base portion disposed beneath the front portion of the housing,

a locking finger bent back from a front edge of the base portion and projecting into said
mounting slot in the direction of insertion of the flat circuit into said opening,

a grounding finger projecting forwardly of the housing for securing the connector to a
ground circuit on the printed circuit board, and

a flexible terminal tab bent back from the front edge of the base portion into said opening
at the front portion of the housing for engaging a ground conductor on the flat circuit inserted

into said opening.

8. The electrical connector of claim 7, including a plurality of said locking fingers, a
plurality of said grounding fingers and a plurality of said flexible terminal tabs spaced along the

elongated base portion.

9. An electrical connector for mounting on a printed circuit board and for
terminating a flat electrical circuit, comprising:

a dielectric housing for mounting on the circuit board and having an opening at a front
portion thereof for receiving an end of the flat circuit;

a plurality of terminals mounted on the housing and spaced along the opening;

10
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an actuator movably mounted on the housing for movement between an open position
allowing the end of the flat circuit to be inserted into said opening and a closed position to
relatively bias the flat circuit against the terminals; and

a grounding retention member mounted at the front portion of the housing and including

a grounding portion for securing the connector to a ground circuit on the printed circuit
board, and ‘

a terminal portion for engaging a ground conductor on the flat circuit inserted into said

opening.

10.  The electrical connector of claim 9 wherein the grounding portion of said

grounding retention member comprises a grounding finger projecting forwardly of the housing.

11.  The electrical connector of claim 9 wherein the terminal portion of said grounding
retention member comprises a flexible terminal tab bent into said opening at the front portion of

the housing.

12.  The electrical connector of claim 9 wherein said grounding retention member
includes a base portion disposed beneath the front portion of the housing, and said grounding

portion and said terminal portion all project from a front edge of the base portion.

13.  The electrical connector of claim 12 wherein the base portion of said grounding
retention member is elongated and includes a plurality of said grounding portions and a plurality

of said terminal portions spaced along the elongated base portion.

14.  The electrical connector of claim 9 wherein said dielectric housing includes a
mounting slot at the front portion thereof, and the grounding retention member includes a

locking portion insertable into the mounting slot.
15.  The electrical connector of claim 14 wherein the locking portion of said

grounding retention member comprises a locking finger projecting into said mounting slot in the

direction of insertion of the flat circuit into said opening.

11
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[Received by the International Bureau on 28 December 2005 (28.12.2005);
original claims 1 to 15 replaced by amended claims 1 to 13 (3 pages)]

CLAIMS

1. An electrical connector (10) for mounting on a printed circuit board (76) and for
terminating a flat electrical circuit (50), comprising;:

a dielectric housing (12) for mounting on the circuit board and having an opening
(18) at a front portion (12a) thereof for receiving an end (50a) of the flat circuit, along with a
mounting slot (30) at the front portion of the housing;

a plurality of terminals (16) mounted on the housing and spaced along the opening;
and

a unitarily formed grounding retention member (40) at the front of the housing and
including

a base portion (40a) disposed beneath the front portion (12a) of the housing (12) and
having a front edge,

a locking portion (40c) insertable into said mounting slot (30) at the front portion of
the housing,

a grounding portion (40b) for securing the cbnnector to a ground circuit on the
printed circuit board,

a terminal portion (40d) for engaging a ground conductor (58) on the flat circuit (50)
inserted into said opening (18) and

the grounding portion (40b) and the terminal portion (40d) both projecting from the
front edge of the base portion (40(a).

2. The electrical connector of claim 1 wherein the grounding portion of said
grounding retention member (40) comprises a grounding finger (40b) projecting forwardly of the

housing (12).

3. The electrical connector of claim 1 wherein the locking portion of said grounding
retention member (40) comprises a locking finger (40c) projecting into said mounting slot (30) in the

direction of insertion of the flat circuit (50) into said opening (18).

4. The electrical connector of claim 1 wherein the terminal portion of said grounding
retention member (40) comprises a flexible terminal tab (40d) bent into said opening (18) at the front

portion (12a) of the housing (12).

5. The electrical connector of claim 1 wherein the base portion (40a) of said

grounding retention member (40) is elongated and includes a plurality of said locking portions (40c),

12
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a plurality of said grounding portions (40b) and a plurality of said terminal portions (40d) spaced

along the elongated base portion.

6. An electrical connector (10) for mounting on a printed circuit board (76) and for
terminating a flat electrical circuit (50), comprising;:

an elongated dielectric housing (12) for mounting on the circuit board and having an
elongated opening (18) at a front portion (12a) thereof for receiving an end (50a) of the flat circuit,
along with a mounting slot (30) at the front portion of the housing;

a plurality of terminals (16) mounted on the housing and spaced along the opening;
and

a grounding retention member (40) at the front of the housing and including

an elongated base portion (40a) disposed beneath the front portion of the housing,

a locking finger (40c) bent back from a front edge (42) of the base portion and
projecting into said mounting slot in the direction of insertion of the flat circuit into said opening,

a grounding finger (40b) projecting forwardly of the housing for securing the
connector to a ground circuit (58) on the printed circuit board, and

a flexible terminal tab (40d) bent back from the front edge of the base portion into
said opening at the front portion of the housing for engaging a ground conductor on the flat circuit

inserted into said opening.

7. The electrical connector of claim 6, including a plurality of said locking fingers
(40c¢), a plurality of said grounding fingers (40b) and a plurality of said flexible terminal tabs (40d)
spaced along the elongated base portion (40a).

8. An electrical connector (10) for mounting on a printed circuit board (76) and for
terminating a flat electrical circuit (50), comprising:

a dielectric housing (12) for mounting on the circuit board and having an opening
(18) at a front portion (12a) thereof for receiving an end (50a) of the flat circuit;

a plurality of terminals (16) mounted on the housing and spaced along the opening;

an actuator (14) movably mounted on the housing for movement between an open
position allowing the end of the flat circuit to be inserted into said opening and a closed position to
relatively bias the flat circuit against the terminals; and

a unitarily formed grounding retention member (40) mounted at the front portion of
the housing and including

a base portion 40(a) disposed beneath the front portion of the housing and having a

13
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front edge,
a grounding portion (40b) for securing the connector to a ground circuit on the
printed circuit board,
a terminal portion (40d) for engaging a ground conductor (58) on the flat circuit (50)
inserted into said opening (18), and
. the grounding portion (40b) and the terminal portion (40d) both projecting from the
front edge of the base portion 40(a).

9. The electrical connector of claim 8 wherein the grounding portion of said
grounding retention member (40) comprises a grounding finger (40b) projecting forwardly of the

housing (12).

10. The electrical connector of claim 8 wherein the terminal portion of said
grounding retention member (40) comprises a flexible terminal tab (40d) bent into said opening (18)

at the front portion (12a) of the housing (12).

11. The electrical connector of claim 8 wherein the base portion (40a) of said
grounding retention member (40) is elongated and includes a plurality of said grounding portions

(40b) and a plurality of said terminal portions (40d) spaced along the elongated base portion.

12. The electrical connector of claim 8 wherein said dielectric housing (12) includes
a mounting slot (30) at the front portion (12a) thereof, and the grounding retention member (40)

includes a locking portion (40c) insertable into the mounting slot.

13. The electrical connector of claim 12 wherein the locking portion of said
grounding retention member (40) comprises a locking finger (40c) projecting into said mounting slot

(30) in the direction of insertion of the flat circuit (50) into said opening (18).

14
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