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CIRCUIT CARD CONNECTOR
UTILIZING FLEXTBLE FIIM CIRCUITRY

Background of the Invention

The present invention relates generally to edge

card connectors, and more particularly to circuit card

connectors which utilize flexible circuitry as the
contacts of the connector and which have an improved card
engagement means. '

Connectors are well known in the art which
provide a connection between a primary circuit board, or
"motherboard” and a secondary circuit board or '
"daughterboard." The connections between these two
printed circuit boards typically occur along an edge the
secondary circuit board, and hence such secondary circuit
boards are commonly referred to in the art as edge cards.

Such circuit connectors typically include an
insulative housing having a printed circuit carad-
receiving slot extending lengthwise within the connector,
and a plurality of flexible conductive contacts which are
located on opposing sides of the card-receiving slot.
These contacts are typically stamped and forﬁed. In an
effort to further reduce the size of electronic
components, connectors have been reduced in size and the
"pitch" of connectors, i.e., the spacing between the
connector contacts, has become smaller. The stamping and
forming manufacturing process imposes limitations on the
pitch which occurs between the contacts and therefore
limits the number of circuits which the connector may
accommodate. Currently, minimum pitches of about 0.5mm
are obtainable using stamped and formed contacts. This
minimum pitch limits the amount of circuits for such a
connector. _

It has been found that using flexible circuitry
for edge card connectors provides numerous advantages.
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First, much smaller pitches may be utilized,'such as on
the order of about 0.3mm. This reduced pitch permits an
even greater reduction in the size of the connectors.
Second, flexible circuitry provides certain benefits to
signal performance, especially with high speed signals.
For example, by using conventional coplanar, microstrip
or stripline configurations that are readily achievable
with flexible circuitry, faster signal rise times and
higher signal frequencies may be accomplished. Through
the control of the dielectric materials, material
thicknesses and circuit positioning parameters, it is
possible to achieve improved impedance matching, lower
propagation delays as well as a reduction in reflection
and crosstalk.

Flexible circuitry has been incorporated in
some edge card connectors, such as those shown in U.S.
Patent No. 3,614,707 issued October 19, 1971 and U.S.
Patent No. 5,427,533 issued January 27, 1995. Both of
these connectors have a formed connector housing with a
longitudinal slot and a length of flexible circuitry
extending over the connector slot such that the flexible
circuitry depends into the connector slot. The user
inserts the circuit card into the connector slot and
forces the circuit card to the bottom of the slot,
forcing the edge of the circuit card against the flexible
film circuitry. Repeated insertions and removals of the
circuit card may impart detrimental stress to the
contacts on the flexible circuitry. Additionally, these
connectors require springs of complex shape behind the
flexible circuitry to ensure reliable contact with the
circuit card which leads to increased manufacturing
costs.

The present invention is therefore directed to
a circuit card connector utilizing flexible circuitry
which avoids the imposition of detrimental stress on the
flexible circuitry and which provides a reliable circuit

e

heet Has Been Reilaced

\\||\I\\ il \I\\ |



10

15

20

25

30

35

THIS SHEET HAS BEEN.
REPLACED

PATENT

96-223 SG
card-engaging means to apply a reliable contact force to
the circuit card.

One object of the present invention is to
provide an improved circuit card connector which utilizes
flexible circuitry as the connector contacts and which
utilizes an improved circuit card-engagement assembly.

Another object of the present invention is to
provide a circuit card connector having two opposing end
portions formed from an insulative material and a circuit
card engaging assembly supported between the connector
end portions, wherein the circuit card engaging assembly
includes opposing, spaced-apart spring members which
extend lengthwise between the connector end portions and
which support the flexible circuitry thereon, the contact
spring members being movably mounted upon fulcrums such
that upon insertion of the circuit card into the
connector, an insertion edge of the circuit card impinges
upon portions of the contact spring members which act as
cam surfaces to thereby cause the contact spring members
to move about their associated fulcrums into engagement
with the contacts of the circuit card.

Yet another object of the present invention is
to provide an improved circuit card connector which
applies reliable contact forces to a circuit card
inserted therein, the connector including a circuit card-
engaging assembly having two opposing, spring members
separated by an intervening space, the space defining an
entrance portion of a card-receiving slot of the
connector, the spring members having upwardly extending
spring arm portions and downwardly extending leg
portions, the spring members engaging fulcrums which
extend lengthwise along the connector and which support
the spring members at locations between the spring arm
and leg portions.

| Still another object of the present invention
is to provide an electrical connector having a spring-
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biased circuit card-engaging assembly, wherein the card-
engaging assembly includes a cradle spring having two
fulcrums formed thereon, the fulcrums supporting a pair
of contact springs on opposite sides of a circuit card-
receiving slot of the connector, the contact springs
having leg portions extending below the fulcrums and arm
portions extending above the fulcrums, the contact
springs being movable about their associated fulcrum
points under urging of the circuit card when the circuit
card is inserted into the connector, such that when the
circuit card impinges upon the contact spring leg
portions, the contact spring arm portions are urged to
move into contact with opposing sides of the circuit card
to thereby exert a card contact force normal to the
circuit card contacts.

Yet still a further object of the present
invention is to provide a high speed, high density
electrical connector which has a relatively low circuit
card insertion force and that includes a circuit card-
engaging assembly which reliably engages the circuit card
without the need for an external connector actuating
mechanism, the circuit card-engaging assembly having a
preload or biasing force applied thereto which biases the
card-engaging into a operative position which readily
receives the circuit carad.
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Summary of the Invention
In one principal aspect of the present

invention and as exemplified by one embodiment of the
invention, an improved circuit card connector is provided
with a card-engaging assembly extending between two
connector end portions and cooperates therewith to define
a circuit card-receiving slot which extends lengthwise
between the connector end portions. This card-engaging
assembly includes a pair of opposing, spaced-apart spring
members which support opposing lengths of flexible film
circuitry. The spring members are supported between the
connector end portions by a pair of fulcrums around which
the spring members may move under the influence of the
circuit card when the card is inserted into the card-
receiving slot of the connector. The fulcrums in this
embodiment may take the form of a pair of rails which
extend lengthwise along the connector and support the
spring members at locations intermediate opposing ends of
the spring members.

In another principal aspect of the present
invention and as exemplified by a second embodiment of
the invention, the card-engaging assembly includes a pair
of spring members supported on a pair of fulcrums which
are formed as part of a cradle spring. The cradle has a
plurality of upright engagement members that are received
within a like plurality of openings disposed int he
spring members which cooperate to maintain the spring
members in place upon the cradle spring along the
fulcrums.

In another principal aspect of the present
invention, a preload, or biasing force, may be applied to
the cradle spring and to the spring members to hold them
in place within the connector and to maintain the spring
members in an operative position in which the connector
is ready to receive the circuit card. The insertion of
the circuit card overcomes this preload and effects a
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camming action with respect to the spring members to
effect a contact between the flexible circuitry and the
circuit card. )

In still another principal aspect of the
present invention and exemplified by still another
embodiment of the invention, the contact springs of the
card-engaging assembly are rotatably supported on the
cradle spring at specific hinge points which serve as
fulcrums about which the contact springs move under the
insertion of the circuit card.

In still yet another principal aspect of the
present invention, the spring members include opposing
arm and leg portions which contact the circuit card
during insertion into the connector. The spring member
leg portions are disposed generally below the fulcrums
while the spring member arm portion are disposed
generally above the fulcrums, such that the fulcrums
define points about which the spring member leg and arm
portions move in opposite directions in response to the
insertion of the circuit card into the connector. During
this insertion, the spring member leg portions move
outwardly with respect to the card-receiving slot, while
the spring member arm portions move inwardly toward the
card-receiving slot such that the circuit card itself
acts as an actuator in applying a contact force between
the flexible circuitry and the circuit card contacts.

In another further principal aspect of the
present invention and as exemplified in another
embodiment of the invention, a cradle spring is provided
to support a pair of contact springs. The cradle spring
defines the lower extent of a circuit card-receiving slot
of the connector and is supported on a connector base.
The connector base includes means for applying an outward
force to the cradle spring to ensure that the lower
extent of the card-receiving slot of the connector
retains a predetermined width. The cradle spring
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includes two engagement surfaces that extend lengthwise
on opposite sides of the card-receiving slot and which
serve as fulcrums while they support the contact springs

on opposite sides of the card-receiving slot. The

contact springs support flexible circuitry on opposing
sides of the card-recéiving slot. The cradle spring
includes suitable engagement means which retain the
contact springs in place thereon. The connector also
includes a second biasing means which applies a force to
the contact springs to retain them in an open position
along the upper extent of the card-receiving slot.

These and other objects, features and
advantages of the present invention will be clearly
understood through a consideration of the following
detailed description.
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Brief Description of the Drawings

In the course of the following description of
the detailed deséription, reference will be made to the
attached drawings wherein like reference numerals
identify like parts and wherein:

FIG. 1 is a perspective view of one embodiment
of an improved circuit card connector constructed in
accordance with the principles of the present invention;

FIG. 2 is an exploded perspective view of the
connector of FIG. 1;

FIG. 3 is a cross-sectional view of the
connector of FIG. 1 taken generally along lines 3-3
thereof illustrating a circuit card partially inserted

- into the card-receiving slot of the connector;

FIG. 4 is a view identical to FIG. 3,
illustrating further insertion of the circuit card into
the card-receiving slot of the connector to the extent
where the circuit card contacts the spring member leg
portions of the connector;

FIG. 5 is a view identical to FIG. 4
illustrating the circuit card fully inserted into the
connector card-receiving slot;

| FIG. 6 is a perspective view of one end of the
connector of FIG. 1;

FIG. 7 is a perspective view of a second
embodiment of an edge card connector constructed in
construction with the principles of the present invention
and illustrating a two~bay connector;

FIG. 8 is a perspective view of a circuit card-
engagement assembly of a third embodiment of an edge card
connector constructed in accordance with the principles
of the present invention;
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FIG. 9 is a view similar to FIG. 8, but with
one half of the card-engagement assembly removed to
illustrate the manner of engagement between the spring
member and the fulcrum; | .

FIG. 10 is a perspective view of a card-
engagement assembly utilized in a fourth embodiment of an
edge card connector constructed in accordance with the
principles of the present invention with one of the
spring members removed for clarity;

FIG. 11 is a cross-sectional view of the card-
engagement assembly of FIG. 10 showing the assembly in

‘place within a connector housing at a rest position

without a circuit card inserted therein and with the flat
flexible circuitry removed for clarity;

FIG. 12 is a view identical to FIG. 11, but
illustrating a circuit card fully inserted into the card-
engagement assembly.

FIG. 13 is a perspective view of a card-
engaging assembly utilized in a fifth embodiment of the
present invention with one side thereof removed for
clarity;

FIG. 14 is a cross-sectional view of a circuit
card-engaging assembly of the type illustrated in FIG. 13
showing the initial insertion of a circuit card therein;

FIG. 15 is the same view as FIG. 14 but showing
the circuit card fully inserted into the card-engagement
assembly;

FIG. 16 is an exploded perspective view of a
sixth embodiment of a circuit card connector constructed
in accordance with the principles of the present
invention;

FIG. 17 is a perspective view of the connector
of FIG. 16 in place upon a printed circuit board;
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FIG:. 18 is a perspective viéw of the spring
cradle component utilized in the card-engagement assembly
of the connector of FIG. 16;

FIG. 19 is an end view of the spring cradle of
FIG. 18 taken generally along lines 19-19 thereof;

FIG. 20 is a sectional view of the connector of
FIG. 17 taken along lines 20-20 thereof;

FIG. 21 is a perspective view of one of the

contact spring members utilized in the card-~-engagernient
assembly of the connector of FIG. 16; and

FIG. 22 is an enlarged view of one portion of
the card-engagement assembly shown in FIG. 21 showing an
alternate embodiment thereof.

-
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Detailed Description of the Preferred Embodiments

FIG. 1 illustrates an edge card connector,
generally indicated at 20, constructed in accordance with
the principles of the present invention. The connector
20 is mounted to a primary printed circuit board 22
having a plurélity of different circuits 24 disposed
thereon leading to a plurality of associated contact pads
or traces 26 located on a surface 28 of the circuit board
22.

The connector 20 is intended to provide a
connection between the circuit board 22 and a secondary
circuit card 30 having a generally planar substrate 32

and a plurality of contact pads 34 aligned along an

insertion edge 36 of the circuit card 30. The circuit
card 30 has its contact pads 34 disposed on both sides
thereof, typically arranged in an array of one or more
distinct rows, and these contact pads 34 may be
electrically connected to each other in ways well known
in the art to provide redundant contact surfaces in order
to enhance the reliability of the circuit card-connector
connection.

Turning now to FIG. 2, it can be seen that the
connector 20 has a housing which generally includes two
opposing end portions 40, preferably which are molded
from an electrically insulative material, such as
prlastic. These end portions 40, serve to define the
overall length of the connector 20, its housing and the
circuit card-receiving slot 80 of the connector 20. In
this regard, the end portions 40, each include a recess
42 formed therein which extends down from the upper
surfaces 43 thereof through the body 44 of the end
portions 40 to a predetermined depth D. These recesses
42 communicate with the interior, opposing faces 45 of
the end portions 40 and may include, in proximity to the
upper surface 43, ramped portions 46, that provide lead-

11
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in surfaces into the recesses 42 to facilitate entry of

the circuit card 30 into the connector card-receiving
slot 80. Although the housing shown is defined by the
two spaced-apart end portions 40 illustrated, it will be
understood thaf the connector housing may include
lbngitudinal sidewalls which extend the entire length of
the connector 20 and which partially enclose the

connector circuit card-engagement assembly 50.

The lower surfaces 47 of the end portions 40
are adapted to sit on the circuit board surface 28 and
may be provided, as illustrated, with tapped openings -48
to accommodate mounting screws (not shown).
Alternatively, any other suitable mounting means known in
the art may be utilized, such as mounting lugs or posts.
The end portion 40 may further include different openings
41, 49 for receiving various other components of the
connector 20. The connector end portions 40 are
preferably aligned lengthwise along a longitudinal axis
of the connector 20 so that their respective recesses 42
and openings 41, 49 confront each other and preferably so
that they are maintained in registration with respect to
a centerline € (FIGS. 3-5) of the card-receiving slot 80
of the connector 20.

The connector end portions 40 not only define
opposing ends of the connector circuit card-receiving
slot 80 by way of their respective recesses 42, but they
also support a circuit card-engagement assembly 50
therebetween. The components which make up this circuit
card-engagement assembly 50 are individually illustrated
in FIG. 2 and the operation of the assembly 50 is
illustrated in FIGS. 3-5.

The card-engagement assembly 50 includes a pair
of elongated rails 52 which extend lengthwise between the
connector end portions 40 and which are supported thereby
within respective openings 41 formed in the interior

12
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faces 45 of the end portions 40. The rails 52 are
supported between the upper and lower surfaces 43, 47 of
the connector end portions 40 and on opposite sides of
the centerline € of the recesses 42 and of the card-
receiving slot 80. The rails 52 in turn support a pair
of circuit card-engagement members illustrated as
flexible spring member 53.

The spring members 53 are solid throughout
their length as illustrated, which increases the
compliance of the connector 100 in overcoming
manufacturing irregularities that may occur in the
circuit card 30 and which would ordinarily prevent
effective contact between the contacts of the connector
20 and the contacts 34 of the circuit card 30 were the
contacts to be a plurality of individual spring arms
rather than the continuous spring members 53 illustrated.

As best shown in any of FIGS. 3-5, the spring
members 53 of the first connector embodiment 20 may
include a seat, or step, portion 54 located intermediate
the ends of the spring members 53 for'the purpose of
defining surfaces of the respective spring members 53
which rest on the support rails 52 of the connector. As
will be explained in greater detail below, the rails 52
serve as fulcrums ¥ in order to provide points about
which the spring members 53 move during insertion and
removal of the circuit card 30 from the connector 20.
The structure of the spring members 53 differs on
opposite sides of the fulcrums F in that, in the
embodiment illustrated, spring member leg portions 55 are
provided which depend downwardly from the fulcrums F.
The leg portions 55 include a lower bend therein to
define an retention spring channel 56 at which a
retention force is applied to the spring members 53.

The spring members 53 further include card
engagement portions located on the opposite sides of the

13
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seat portions 54, which are shown as spring arms 57 that
have a general C-shaped configuration. The spring arms
57 extend upwardly from the seat portions 54 of the
spring members 53 and may be considered as forming
distinct backbone portions 58 and circuit card contact
portions 60 which are bent back upon the backbone
portions 58 in the manner shown and which are
interconnected thereto by bight portions 59. The spring
member seat portions 54 are angularly disposed with
respect to the spring arm and leg portions 57, 55 and
intersect therewith such that the leg portions 55 are-
offset both vertically and horizontally from the spring
member arm backbone portions 58 as illustrated. It
should be noted that the location of the spring member
seat portions 54 may be moved in order to change the
length of the lever arms provided by the spring member
arm and leg portions 57, 55 and thereby change the force
characteristics of the connector.

The spring members 53 may be formed from any
suitable material which imparts the desired degree of
resiliency to the card-engagement assembly 50. In this
regard the spring members 53 also provide support for a
plurality of contacts 62 of the connector 20 which are
formed in a length of flat flexible circuitry ("FFC") 64.
Two such lengths of flat flexible circuitry are
illustrated and this type of circuitry 64 is well known
in the art and variations may be used such as that
referred to as "flat flexible cable, flexible printed
circuitry and flexible film circuitry” as well as by
other descriptive names. However, for simplicity, this
description uses only the term "flat flexible circuitry,"
but it is understood that the use of this term is for
convenience only and is not to be understood as limiting
the scope of the invention. Although two lengths of
flexible circuitry 64 are illustrated in the Figures, it
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will be understood that a single length of flexible
circuitry 64 may be used as well for connectors of the
present invention. |
This flat flexible circuitry 64 typically has a
laminated-style construction in which a plurality of

"flexible electrical contacts 62 (which may include strips

of copper, gold or other conductive foils) bonded to a
flexible, electrically insulative layer 65, such as a
polyamide film. The flexible circuitry 64, in
appropriate applications, may also include several
additional layers of contacts 62 separated by intervening
insulating films in order to construct shielded flexible
circuits. The flexible circuitry 64 may further include
an outer insulative layer 71 which overlies portions of
the contacts 62.

The two strips of flexible circuitry 64
illustrated in FIGS. 2-5 are supported on the spring
members 53 in a manner such that they substantially
envelop the outer perimeter surfaces of the spring member
arms 57, namely the spring member inner contact arm

portions 60 and the spring member arm backbone portions

58. In this regard, the flexible circuitry 64 is bonded
at one, upper end 66'thereof to the upper free end 68 of
each spring member 53 and at an opposing end 67 to a
support plate 70 in any suitable manner.

The lower end 66 of the flexible circuitry 64
includes an open contact area 72 where the contacts 62 of
the circuitry 64 are exposed for mounting to the
appropriate surface 28 (FIG. 1) of the printed circuit
board 22, while the other end 67 thereof has a similar
contact area 73 where its outer protective and insulative
layer 71 has been removed so that the contacts 62 thereon
are exposed. These circuit card contact areas 73 are
preferably positioned upon the spring arms 57 in the
location shown such that they overlie the contact arm
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portions 60 that are disposed generally opposite the
circuit card contact pads 34 when the circuit card 30 is
fully inserted into the card-receiving slot 80. (FIG.5.)
As best shown in FIGS. 3-5, the lower ends 67 of the
flexible circuitry 65 may be folded upon themselves as
shown to form two opposing slots 74 (FIG. 5) which -
receive the support plate 70 therein. To increase the
stability of the lower portion of the connector 20, the
support plate 70 may be bonded in any suitable manner to
the lower ends 67 of the flexible circuitry 64.

~ The flexible circuitry 64 and the spring

members 53 which support it cooperate to define a circuit
card-receiving slot 80 of the connector 20. This card-
receiving slot 80 extends lengthwise along the connector
20 and communicates with the two recesses 42 formed in
the opposing connector end portions 40. FIGS. 3-5
illustrate the interaction of the components of the card
engagement assembly 50 during the insertion of a circuit
card 30 into the connector 20.

With specific reference to FIG. 3, the
connector 20 is shown in cross-section at an initial, or
ready, position where the two opposing spring members 53
rest upon the fulcrum points F defined by the connector
rails 52. In this position, the leg portions 55 (i.e.,
those portions of the spring members 53 which extend
downwardly from the seat portions 54) contact each other
in an abutting relationship lengthwise along the length
of the rails 52 at the confronting surfaces 76 of the leg
portions opposite the retention channels 56. 1In the
enmbodiment shown, the opposing spring member leg portions
53 are maintained in this engagement by a series of
retaining springs 78 which extend from the connector end
portions 40 for a predetermined length on opposite sides
of the centerline € of the card-receiving slot 80.

As shown in FIGS. 2 & 6, the retaining springs

16
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78 are received supported in openings 49 formed in the
opposing interior faces 45 of the connector end portions
40. The retaining springs 78 each include a shaft
portion 82 which engages the connector end portions 40
and an inwardly extending spring arm 83 having a contact
portion 85 which is offset from the shaft portion 82 as
shown. The spring arms 83 extends inwardly of the
connector at an acute angle in order to provide a preload
to the retaining springs 78 and therefore serve to hold
the spring member leg portions 55 together in contact
generally adjacent the bottom of the card-receiving slot
80. _

When the circuit card 30 is partially inserted
into the connector card-receiving slot 80 to the position
illustrated in FIG. 4, the insertion edge 36 of the
circuit card 30 impinges upon the spring member leg
portions 55. These spring member leg portions 55 act as
cams or levers in that further movement of the circuit
card 30 into the connector slot 80 will incrementally
separate the spring member leg portions 55 apart, causing
them to rotate about their fulcrums P, and resulting in
the spring member arms 57 rotating in opposite directions
also around the fulcrums F as shown by the arrows R in
FIG. 4. The downward insertion movement of the circuit
card 30 is partially resisted by the retention force
applied to the spring member leg portions 55 by the
retaining springs 78 in their contact against the
retention spring channels 56 in order that the card-
engagement assembly 50 is able to exert an internal
control of the card insertion.

Further movement of the circuit card 30 to a
completely inserted state as shown in FIG. 5 results in
the spring member leg portions 55 being spread apart a
distance equal to the width, or thickness, of the circuit
card 30, resulting in a secure mating being effected

17 ~,_.,-,~__A—__~_
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between the circuit card contact pads 34 and the flexible

- contacts 62.

The movement of the spring member leg portions
55 in this manner forces the spring member arm portions
57 against opposing surfaces of the circuit card 30 and
the contact portions 60 which are, in effect,
cantilevered from the backbone and bight portions of the
spring member arm portions 57, are thereby urged against
the circuit card 30. The outward pressure applied to the
spring member leg portions 55 by insertion of the circuit
card 30 results in an effective normal contact force N
(FIG. 5) being applied by the spring member arm portions
57 against the circuit card 30. This normal force N
firmly holds the flexible circuitry 62 and particularly,
its contact areas 73, against the circuit card contact
pads 34. This concentrated normal force and the solid
nature of the sprihg members 53 make the connector 20
more compliant and able to overcome manufacturing
irregularities which may occur in the production of
circuit cards 30 wherein the opposing sides of the
circuit card 30 are not entirely planar and level.
Furthermore, during the insertion phase, the backbone
portions 58 of the spring members 53 move from a position
where they lie partially outside the sides of the
connector housing (FIG. 3) to a position where they lie
within or aligned with the sidewalls 41 of the connector
end portions.

The connector 20 of FIGS. 1-6 may be modified
to accommodate more than one circuit card, or a longer
circuit card 104 as illustrated in FIG. 7, wherein
another circuit card connector 100 constructed in
accordance with the principles of the present invention
may be seen to include two or more connector "bays" 102,
103, each of which is intended to receive either two
separate circuit cards or the circuit card 104 having two

18
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distinct insertion edges 106, 107 separated by an
intervening notch 108. The structure of the connector
100 is generally the same as the first embodiment of the
connector 20 except that it includes an intermediate
housing portion 110 having two card-receiving recesses
112 formed on opposing sides 114, 115 thereof. The
opposing sides 114, 115 also include fulcrum support
openings and retaining spring opehings to support the
fulcrum rails and retaining springs. Two card-engaging
assemblies 116, 117 are thereby supported between the
connector housing end and intermediate portions.

The first embodiment 100 described above
illustrates the general structural features of connectors
of the present invention. The card-engagement assembly
utilized in connectors of the present invention may take
forms other than the specific spring member-rail assembly
illustrated in FIGS. 1-6.

Turning now to FIGS. 8 & 9, such an alternate
card- engagement assembly 200 is shown as having two
opposing spring members 202 supported on a continuous
cradle spring 204. The cradle spring 204 has a geherally
C-shape or U-shape as viewed from the end thereof and
includes a support base 206, two arms 208 which extend
upwardly from the base 206 and two fulcrums F which
extend along free ends 212 of the arms 208.

In this third embodiment, the fulcrums F
include a plurality of retention lugs 213 which are
spaced apart in a desired spacing lengthwise along the
fulcrums F between opposing ends of the card-engagement
assembly 200. These retention lugs 213, as shown best in
FIG. 9, are received within a series of openinés 214
located along the seat portions 216 of the spring members
202. These openings 214 are larger than the retention
lugs 213 so as to minimize any contact which may inhibit
the ability of the spring members 202 to move upon their
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respective fulcrums F due to interference between the two
components.

FIGS. 10-12 illustrate a fourth embodiment of a
card-engagement assembly 300 which may be utilized in the
connectors of the present invention. In this embodiment,
the assembly 300 includes a continuous support cradle 302
having a generally U-shape or C-shape with two opposing
spring members 304 supported on two free edges 306 of the
cradle spring 302 that serve as fulcrums F for the spring

. members 304. The spring members 304 each include a

plurality of slots 308 formed therein which receive
associated retention lugs 310 of the cradle spring 302
therein.
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In this embodiment, both the slots 308 and the
retention lugs 310 have a general T-shape that permits |
them to be easily assembled in an interlocking
relationship and also ensures that the spring members 304
will be retained in their proper position upon the
fulcrums F. The width of the top of the "tees" of the
slots 308 is preferably greater than the width of the top
of the "tees" of the retention lugs 310 and the bodies of
the slots 308 are wider than the bodies of the retention
lugs 310 in order to facilitate the assembly of the card-
engagement assembly 300 without binding, once the
assembly 300 is in its assembled position.

An important characteristic of all of the
embodiments of the present invention disclosed herein is
the ability of the spring members to "rock" or move back
and forth upon their respective fulcrums in response to
the insertion of a circuit card into the card-receiving
slot of the connector and in effect, act as lever'arms.
This type of rocking action in the fourth embodiment is
illustrated in FIGS. 11 & 12, wherein FIG. 11 illustrates
the card-engagement assembly 300 in an initial, ready
position in place within a connector housing 320, with
the flexible circuitry removed for clarity and with one
of the endwalls 322 of the housing being visible in the
Figures. In this ready position, the spring members 304
rest in place upon the cradle spring 302 such that their
opposing leg portions 324 contact each other within the
perimeter of the circuit card-receiving slot 326. When a
circuit card 330 is inserted into the slot 326, the
circuit card insertion edge 328 engages the leg portions
324 of the spring members and causes them to spread
apart, thereby rotating or rocking the spring members 304
about their fulcrums F. In this movement, the arm
portions 332 of the spring members 304 are rotated in
opposite directions about their respective fulcrums F and
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thereby brought into contact against the opposing
surfaces of the circuit card 330 as shown.

- In one alternative embodiment, rather than
relying upon a separate biasing means to position the
spring member leg portions 324 together, the spring
members may be constructed so that the leg portions 324
thereof have a length and mass less than that of the arm
portions 332, so that the mass of the spring arm portions
332 applies a biasing force to the spring members causing
them to pivot partially about the fulcrums F so that the
spring member leg portions 324 will naturally extend into
the card-receiving slot 326 and force the spring member
arm portions 332 and the flexible circuitry supported
thereon away from the insertion edge of the circuit card.
Hence, the spring member leg portions 324 which extend
into the card-receiving slot 326 act as cam surfaces upon
which the insertion edge and the opposing surfaces of the
circuit card "ride" to thereby actuate of the connector
to effect reliable engagement of the circuit card.

FIGS. 13-15 illustrate yet another embodiment
of a card-engagement assembly 400 suitable for use in
conjunction with connectors of the present invention in
which the spring members 402 are supportéd upon a
connector rocker base 404. The rocker base 404, as
illustrated in FIG. 13, has a plurality of U-shaped
supports 406 spaced apart lengthwise to define
intervening spaces 408 therebetween. The spring members
402 have a series of slots 410 also spaced apart
lengthwise along their leg portions 412 thereof. The

- spring member slots 410 receive the supports 406 of the

rocker base 404, while the intervening spaces 408 of the
connector rocker base 404 receive the leg portions 412 of
the spring members 402. The spring members 402 and
rocker base supports 406 are interconnected together by
shafts 407 which extend lengthwise along common hinge |
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points F that serve as fulcrums for the spring members
402 to partially rotate about.

The spring members 402 are free to move, or
rock about the hinge points F and accordingly the hinge
points P are positioned at a location between the spring
member arm and leg portions 413, 412 so that when the
connector 400 is in a ready, non-engaged state, as shown
in FIG. 14, where a circuit card 422 has not yet been
inserted into the card-receiving slot 420, the spring
members 402 will possess a tendency to rock "open” and
the flexible circuitry contacts 431 will be maintained
away from the insertion edge 424 of the circuit card 422.
That is, the spring member arm portions 413 will tend to

extend or rock outwardly at an angle to the card-

receiving slot 420 of the connector, because of the
location of the hinge points F and the difference in
length and mass of the spring arm portions 413 as
compared to that of the spring leg portions 412. This
natural bias also causes the spring member leg portions
412 to move and extend inwardly of the card-receiving
slot 420. Alternatively, means may be provided to bias
the spring members 402 to this position.

Insertion of a circuit card 422 into the card-
receiving slot 420 as shown in FIG. 15 causes the
insertion edge 424 of the circuit card 422 to engage the
cam surfaces 418 presented by the extent of the spfing
leg portions 412 into the card-receiving slot 420,
causing the spring leg portions 412 to rotate outwardly
in the manner shown, which brings the spring member arm
portions 413 inwardly and the flexible circuitry 430
supported thereon into contact with the contacts 432 on
opposing surfaces of the circuit card 422.

It therefore can be seen that the present
invention provides a cam-like contact mechanism as its
card-engagement assembly with a small number of
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components in which the cam-like contact mechanism
utilizes simple spring concepts.

FIGS. 16-21 illustrate still another embodiment
of a circuit card connector 500 constructed in accordance
with the principles of the present invention. 1In this
embodiment, the connector card-engagement assembly 502
includes means for applying preloads or biasing forces to
certain components of the éssembly 502. The connector
500 includes two opposing end portions 504, each of which
has a vertical recess 506 disposed therein which receive
the opposing ends of a circuit card (not shown) inserted
into the connector 500. These recesses 506 serve to form
the ends of the circuit card-receiving slot 508 of the
connector 500 and accordingly, are aligned with each
other along a longitudinal axis of the connector 500.

The connector end portions 504, similar to the embodiment
of FIGS. 1-6, may include ramped surfaces 510 which serve
as lead-ins to the card-receiving slot 508 and have flat
lower mounting surfaces 512 which are suitable for
mounting the connector 500 upon a surface of a printed
circuit board 513 in any suitable manner.

The connector end portions 504 may also include
hollow cavities or recesses 514 formed in the lower
surfaces 512 which receive opposing end tabs 516 of a
connector base member 518. The base member 518 extends
lengthwise between the connector end portions 504 and has
a width slightly greater than the end portions 504 in
order to provide support for the flexible circuitry 560
of the connector 500. The base member 518 further has a
flat central portion 520 (FIG. 20) which may be
considered as defining the lowermost extent 522 of the
card-receiving slot 508. A plurality of posts 524 extend
upwardly from the base member 518. These posts 524 are
spaced apart from each other both lengthwise and
laterally within the connector 500 and further flank the

_—
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base member central portions 520 to provide a preload, or
biasing force to the card—-engagement assembly cradle
spring 530 as explained in greater detail below.
Additionally, the posts 524 of the connector base member
518 will hold the cradle spring 530 in position to
maintain a predetermined separation between the free ends
of the cradle spring regardless of the tolerances to
which the cradle spring may be made.

The cradle spring 530 extends lengthwise
between the connector end portions 504 and includes a
plurality of transverse slots 532 which are spaced apart
from each other in the longitudinal direction as seen
best in FIG. 18 and which are dimensioned to receive the
posts 524 of the base member 518. As seen in FIG. 19,
the cradle spring 530 has a base portion 534 and two
sidewalls 535 extending upwardly therefrom which
terminate in free ends 536. The free ends 536 define
surfaces which act as two fulcrums F for the card-
engaging assembly 502. These fulcrums P lie on opposite
sides of the centerline C of the connector 500 and of the
card-receiving slot 508 and support a pair of contact
springs 550. The free ends 536 preferably further
include a series of engagement lugs or bent portions 538
which serve to retain the contact springs 550 in place
along the fulcrums F. These lugs 538 extend laterally
inwardly from the sidewalls 535 so that the undersurfaces
540 thereof will engage the contact springs 550.

The posts 524 of the base member 518 have non-
planar exterior surfaces 542 which are somewhat
complimentary to the configuration of the cradle spring
sidewalls 535 and may also be slightly laterally
displaced outwardly with respect to the sidewalls 535 in
order to apply a predetermined or outwardly directed
biasing force against the cradle spring'530. In other
words, the distance between the exterior surfaces of a

~\
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pair of laterally aligned posts 524 is slightly greater
than the horizontal width of the cradle spring slots 632.

A pair of contact springs 550 extend lengthwise
along the cradle spring 530 and include, as best
illustrated in FIGS. 16 & 21, a plurality of openings 552
that extend lengthwise along seat portions 554 of the
contact springs 550 and which are spaced apart in a
similar spacing as the cradle spring engagement lugs 538.
When assembled, the contact springs 550 rest on the
fulcrums F of the cradle spring free ends 536 and the
engagement lugs 538 extend through the openings 552. 'The
contact springs 550 may be considered as having in end
profile, a general 8-type shape (the leftmost contact
spring 550 in FIG. 20 having such an S-type shape and the
leftmost contact spring 550 being a mirror image thereof)
with distinct contact spring arms 555 and contact spring
legs 556 located on opposite sides of the seat portions
554 thereof and extending lengthwise along the connector
500 at different levels within the card-receiving slot
508.

The contact spring arms 555 are located in the
upper extent of the card-receiving slot 508, while the
contact spring legs 556 are located in the lower extent
thereof. The contact springs 550 are free to move or
"rock" about the fulcrums P of the cradle spring 540 as
described earlier herein with respect to the previous
embodiments under the urging of a circuit card. The
contact springs 550 serve as support surfaces for flat
flexible circuitry 560 which is applied to the outer
surfaces 558 of the contact spring arms 555, and as
previously noted, may include a plurality of electrically
conductive contacts 562 disposed thereon (FIG. 17.) The
contacts 562 may be protected by an exterior insulative
layer 564 which extends along the top and sides of the
connector 500, but which is not applied over the contacts

__ﬂﬁ##,,ﬂ.——-———“—
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562 at two contact areas 565, 566 located respectively
within the connector slot 508 as shown in FIG. 20 and at
the bottom side edges of the connector along feet 519 of
the base member 518 where the contacts of the lower
contact areas 566 are aligned and soldered to contact
pads 569 of the circuit board 513.

The connector 500 includes another means for
preloading the card-—-engagement assembly 502 shown
illustrated in FIG. 16 as a pair of clips 570 which are
received within outer slots 572 of the connector end
portions 504. These clips 570 are generally C-shaped ‘and
include a connector housing engagement section 573 which
engages the connector housing slots 572 and a pair of
preloading spring arms 574 extending longitudinally
therefrom. These preloading spring arms 574 are
separated by a preselected spacing 8 and they extend
lengthwise within the connector 500 along the contact
spring arms 555 as shown in FIG. 20. The connector
preloading spring arms 574 may include engagement heads
575 disposed at the free ends 576 thereof which have a
barb-like configuration which is adapted to engage the
contact spring 550 by pressing outwardly against the
inner surfaces 558 of the spring arm portions 555 thereof
as indicated in FIG. 20.

This outwardly biasing force will, in effect,
preload the contact springs 550 so that they will have a
tendency to move in opposite directions about their
associated fulcrums F to thereby draw the spring leg
portions 556 into the card-receiving slot 508. As
illustrated with the previous embodiments described
herein, the spring leg portions 556 have projecting cam
surfaces 559 which the insertion edge of the circuit card
will impinge upon when inserted into the card-receiving
slot 508, thereby moving the contact spring arm and leg
portions 555, 556 in opposite directions about the
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fulcrums to bring the exposed contact areas 562 of the
flexible circuitry into contact with the contact pads of
the circuit card.

FIG. 22 illustrates another embodiment of a
card-engagement assembly 600 in which the contact spring
602 is supported upon an assembly cradle 604 similar to
the embodiment previously described. However, in this
embodiment 600, the spring leg portions 606 of the
contact springs 602, may, in the areas beneath the
fulcrums F, be insulated to prevent any conductivity from
occurring between the spring leg portions 606 and the -
circuit board 608. This may be accomplished by applying
an insulator or insulating layer 610 to the contact
spring leg portions 606 as illustrated. The insulating
layer 610 may include a material with inherent lubricity
which would serve to reduce circuit card insertion

forces.
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Connectors of the present invention may be
constructed form a variety of materials.. In this regard,
the contact springs and the cradle spring may be formed
from alloys such as beryllium copper, phosphor bronze and
stainless steel which possess desirable spring
characteristics. The connector end portions and base may
be machined, cast or molded from materials such as
aluminum, zinc, liquid crystal polymer. These are but
examples of suitable materials and it will be understood
that other suitable materials may also be used for the
various connector components.

Accordingly, it will be appreciated that the
embodiments of the present invention whlqh have been

- discussed herein are merely illustrative of a few

applications of the principles of the invention.
Numerous modifications may be made by those skilled in
the art without departing from the true spirit and scope
of the invention.
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1. An electrical connector for providing an

electrical interconnection between a plurality of

contacts on a primary circuit board and a plurality of
contacts on a printed circuit card, the circuit card
having an edge which is insertable into and removable
from a card-receiving slot, said circuit card being
generally planar and having first and second circuit
faces, each of said first and second circuit faces having
a plurality of circuit card contacts disposed thereon,
said connector being characterized by:

a circuit card engagement assembly including a
pair of fulcrums located on opposite sides of a '
longitudinal center line of said slot, a pair of contact
members .extending lengthwise along said connector on
opposite sides of said center line such that one of said
contact members is associated with one of said fulcrums
and the other of said contact members is associated with
the other of said fulcrums, each of said contact members
being movably supportéd on its associated fulcrum for
movement between first and second positions and each of
said contact members having upper and lower portions;

flat, flexible circuitry extending lengthwise
along said connector and supported on said contact
members on opposite sides of said center line, said
circuitry having a first plurality of contacts for
electrically interconnecting to said plurality of
contacts on said primary circuit board and a second
plurality of contacts for electrically interconnecting to
said plurality of contacts on said printed circuit card;

said upper portions of said contact members
carrying said second plurality of contacts, and

said lower portions of said contact members
being biased toward the center line of the slot for
engagement with the circuit card as the circuit card is
inserted into the slot, the lower portions adapted to be
moved about their respective fulcrums away from the
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center line of the slot in responsé to the insertion of
the circuit card and the upper portions being moved about

' their respective fulcrums toward the circuit card as the

circuit card is inserted, said second plurality of
contacts making contact with the electrical contacts of
the circuit card when the circuit card is fully inserted
into the slot.

2. An electrical connector in accordance with
claim 1 wherein said connector further comprises two
opposing housing end portions, said connector housing end
portions including respective lower support surfaces for
positioning said connector housing end portions adjacent
said primary circuit board, said connector housing end
portions further including respective upper surfaces '
spaced apart from said lower support surfaces, each of
said connector housing end portions further including a
circuit card-receiving recess disposed in said upper
surfaces thereof and extending within said connector
housing end portions to a predetermined'depth, said
circuit card-receiving recesses being generally aligned
in an opposing relationship along a longitudinal axis of
said connector. |

3. An electrical connector in accordance with
claim 2 further comprising a connector base extending
lengthwise between said connector housing end portions in
proximity to the level of said lower surfaces of said
connector housing end portions.

4. An electrical connector in accordance with
claim 3 wherein said fulcrums generally extend the length
of the contact members and said connector base includes
means for supporting said fulcrums in their lengthwise

extent between said connector housing end portions.
_—
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S. An electrical connector in accordance with
claim 1 further comprising a cradle spring extending

"lengthwise between said connector housing end portions,

the cradle spring having two spaced apart free ends,
defining said fulcrums.

6. An electrical connector in accordance with
claim 5 further comprising a connector base extending
between connector housing end portions and wherein said
cradle spring has a general C-shape, said connector base
having means for supporting said cradle spring in its
lengthwise extent in said connector. '

7. An electrical connector in accordance with
claim 6 further comprising means for applying a preload
to said cradle spring to maintain said cradle spring free
ends spaced apart from each other.

8. An electrical connector in accordance with
claim 7 wherein said cradle spring includes a plurality
of transverse slots, and wherein said cradle spring
preloading means includes a plurality of posts extending
from said connector base into said cradle spring slots
and against said cradle spring.

9. An electrical connector in accordance with
claim 5 wherein said cradle spring comprises a plurality
of engagement members disposed lengthwise and said
contact members include a plurality of openings which
receive said cradle spring engagement members therein,
said cradle spring engagement members retaining said
contact members in place upon said fulcrums.
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10. An electrical connector in accordance
with claim 9 wherein said engagement members are
generally T-shaped and said openings in said contact
members include generally T-shaped slots, said T-shaped
slots being slightly larger than said T-shaped engagement
members.

11. An electrical connector in accordance with
claim 9 wherein said engagement members extend inwardly
from said cradle spring free ends toward said circuit
card-receiving slot.

12. An electrical connector in accordance with
claim 1 wherein said contact members comprise seat
portions for engaging the associated fulcrums, said
contact members further comprising distinct leg and arm
portions which extend away from the seat portions on
opposite sides of the seat portion.

13. An electrical connector in accordance with
claim 12 wherein, in a first operative position said
circuit card-~receiving slot has no circuit card inserted
therein and said leg portions of said contact members
extend into said circuit card-receiving slot, and in a
second operative position, a circuit card is inserted in
said circuit card-receiving slot, said leg portions of
said contact members are contacted by said circuit cardq,
and are thereby moved apart from each other, thereby
moving said arm portions of said contact members and said
flexible circuitry supported thereon about said fulcrums
toward said circuit card-receiving slot and into
engagement with said circuit card contacts.
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14. An electrical connector in accordance with
claim 13 wherein when said contact members are in said
first.operativé position, said contact member leg
portions are spaced apart a distance less than the
thickness of said circuit card to be inserted into said
circuit card-receiving slot, and further comprising means
for biasing said contact members when said connector is
in said first operative position.

15. An electrical connector in accordance with
claim 14 wherein said contact member biasing means
comprises a pair of spring retainers supported in
connector housing end portions, said spring retainers
extending into engagement with said contact member leg
portions to bias them inwardly into said circuit card-
receiving slot when said contact members are in said
first operative position.
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