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Background of the Invention _ : . The present invention rel ates
generally to edge card connectors, and nore particularly texgiggyit
-card ' : 96~223 SG
SPECIFICATION THIS SHEET HAS BEEN
REPLACED

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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connectors which utilize flexible circuitry as the 5 TEHIS'SAEET HAS BEER
connector and whi ch have an inproved card engagenment E{EH ACED

Connectors are well known in the art which provid
between a primary circuit board, or "not herboard” and a seggn
circuit board or 10 "daught erboard.” The connections between these two

printed circulkipogr dﬁu&ripgﬁﬁhhxrogguehag%aggtaeeaaglfigsa,' suchS aE0RAT Y

circuit board, and hence such secohdary circ Qards are conmonly
referred to i nthReCkfera9fecaeuEaPedmm. This reduced pgich permite an

connectors typegahl yreatbrdeeatiction ini gael éiizéeohﬁlt_hbnﬂ:o_h&\éb&@r%.p” nt ed
engt hw, se

. circuit d- receivi l, ot t endi ng. thin.th

' Connector . secondy' ETBkYPIR, By2Enitr, PrPYi88RAGEE roa o SRPRAIL AOch ar e
| ocat ed Bn oppsignglsperfovmantie, cespecéadilyi withl bigh speed Bigmalsontacts
are typically f&?ggﬁgmﬁﬂg,fB&"ﬁgingncaﬂvggtionaifEab&ahgrtuhﬁg?BskﬁqEFe the

size of electron _ ,
or stripline configurations that are readily achievable

with flexible circuitry, faster signal rise times and
higher signal frequencies may be accomplished. Through
10 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.

15 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

20 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,

25 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

30 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

35 which avoids the imposition of detrimental stress on the

flexible circuitry and which provides a reliable circuit
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conponents, connectors have been reduced in size and the THISSHEET'HAS BEEN'

connectors, i.e., the spacing between the connect or cdnt act REPHECED
beconme smaller. The stanping and form ng manufacturin S
i nposes limtations on the 25 pitch which occurs between the GRLIRCIsH
and therefore limts the nunber of circuits which the connector nmay
acconmodat e. GH&ae&hbxgiﬂbnhEHEbptbCB 197 a2kl ai2MBontact Rrke to

and formed contacts. This m ni mum pitch

obt ai nabl e usi ng st anpe
limts the annﬁﬂ? GAXEPLE FRE Y or such a 30 connect or .
It has been found that ushnegobljexitbb® thecpresent invenftdonedge teward

connectors proyl-dgsaaUuaR (ipradéd"tieehit card connector which utilizes
5 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

10 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

15 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

20 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

25 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

30 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.

35 | Still another object of the present invention
is to provide an electrical connector having a spring-
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2 First, much smaller pitches may be utilized, such tﬂiﬁ SHEET HASHBEEN

order of about 0.3nm This reduced pitch permts an ejen grBEREACED
reduction in the size of the connectors. Second, flexiDle @
provides certain benefits to 5 si gnal performance, espeC|aII»5 S@lgh

speed signal s. For exanpl e, by using conventional copl anar,

mcrostrip blasédSEﬁrahutecaeateaqaghhgnasbb@blqnewh@@@ﬂﬁyﬁmaﬂcaﬁam e
with flexible circuitr se ti

I
frequenci es ma§ngagip ohﬁﬁﬁyﬁia #ﬁﬂ&ﬁ&ﬁ focragﬁﬁesgﬁﬁPﬁbPagpl hSJ si gna
di el ectric mat €nlekramsnibemedl thereon,t kthek fadsramsnéupportiingpas piaiiani ng

Fg\;\gfﬁt ers, itgeScontact BEFIhBECohCoppBEIYE LTRERYEE AMRGIUGE FAYY N
5 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

10 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

15 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-

20 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

25 receives the circuit carad.
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propagati on del ays as well as a reduction in reflection THIBSHEET HAS BEEN
crosstal k. 15 Flexible circuitry has been incorfpor at REPLACED

sonme edge card connectors, such as those shown in U S, Pat .
3,614,707 issued Cctober 19, 1971 and U. S. ‘Patent No. 5,4 G
| ssued January 27, 1995. Both of t hese . connectors have a forned

connect or housi&%’ ﬂgf_ 4%e InveMtdidn/di nal -slot and a length of flexible
circuitry exten |&g over € connector sl ot such that the flexible
circuitry depends into tH® OB PERCIPa); aspeet &F the present, (s the

circuit card i rihere&itdo@pramcher eNetipldfded by orfe)rmamm& rdmiﬁhe:ard to

t he bottom of t.he sl .at forC| the C rd_agai nst

the flexible ihventdon “an imprdyed Eiritud Wl daedich i Bid R4

" the 5 ciradith eacardeengaging detsembdiyn alxtsmdasxg thamn two

contacts on th r [ S
%dkb%%kgkeeﬁh %E%gﬁ%gh ! d daﬁﬂéﬁﬁtéé“ﬁﬁ%rew1th P e Y

require springs conplex s
a circuit card—rece1v1ng slot which extends lengthwise

between the connector end portions. This card-engaging
assembly includes a pair of opposing, spaced-apart spring

10 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-

15 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.

20 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

25 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.

30 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

35 is ready to receive the circuit card. The insertion of
the circuit card overcomes this preload and effects a

- —
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30 flexible circuitry to ensure reliable contact with th&HIS SHEET HAS BEEN
circuit card which leads to increased manufacturing cost s.REPLACED

The present invention is therefore directed to a circurt TENT
connector "utilizing flexible circuitry 35 whi ch avoids the i rrggsﬁg gy of
detrinmental stress on the flexible circuitry and which provides a

reliable circuchmming actibfl- ¥i§R0rB8pEBRNEo!t €haPRbYiAg flembere &ent act
force to effect a contact between the flexible circuitry and the
circuit card. )

In still another principal aspect of the

5 - 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

10 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

15 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

20 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

25 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

30 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

35 extent of the card-receiving slot of the connector
retains a predetermined width. The cradle spring
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"flexible C|rcu

the circuit card. One obj ect of the present THES SHEEDMASSBEEN
to provide an inproved circuit card connector which utfilizeBEPLACED

flexible circuitry as the connector contacts and which 5 TT1
i nproved circuit card-engagenent assenbly. Anot hgg o5 ggt
of the present inventionis to provide a circuit card connector

havi ng two oppefittddesdtwo engagéhbﬁaSsﬁgraeésftaataaxtaaulabhgehwab@rlal

and a circuit ing._a orted be en the co nect or
100 2 Cend bor onoepSaiEecr iadn8e  FRE PatastRER N Ing, S1cE AR, wnidh
I ncl udes opposbagvespscﬁdlapams vhiilegthegbsupportcithe contaextspdlngs

P09t s Dt WRcOohAg £ HERRG" oB"iAOEhkABeBRTving s1oll Clipgibbort Lhe

ereon moeér s ei ng novably
mount ed &pon fqbnteqt springs suppontt flgwibleseircudtsy oneoppesing card

into the siG08N6F! the 8AriDPEELIOInGIEEoR, [ BReCiradie &RFdngTPi Nges
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
10 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

15 detailed description.
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upon portions of the contact spring members which act as | THIS St&hy HAS BEEN

surfaces to thereby cause the contact spring nmenbers t o nidbRLADGRBUt
their associated fulcrunms into engagenent 20 with the coMTatt SATENTC
circuit card. Yet anot her object of the present ggaygiggon
IS to provide an inproved circuit card connector which

applies reliabbeieqnb@@brﬁggge@ oF ahel Daawiinesr d i nserted therein,

t he connector i ncluding U|t car d- agin ssenb hav g t wo
opposi ng, spring nenbers%n §B§§F3952%B§ §ﬁﬁﬁﬁwﬂf$€ﬁf éy

space defi ni ngthe detaileelntilesmppmm omreferancsr dmldcé:anmaglesltn td'fe t he
O O 2Rl A TRINGA A A R ifle) 1IN numera1 P! | 0 AT

portions and” downwar portions, the spring nenbers
engagi ng fuIcr&ﬁ@nﬁHﬁUhllke Par&ﬁt whe¥edRiise al ong the connector and

whi ch support t he papr.i 10 i6e &b Perspledtivat Mikw b3t W) drftddEmdnty arm
and | eg port|0n§ an improved circuit card connector constructed in
accordance with the principles of the present invention;
FIG. 2 is an exploded perspective view of the

10 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;

15 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;

20 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;

25 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-

30 engagement assembly of a third embodiment of an edge card
connector constructed in accordance with the principles
of the present invention;

8 " This Sheet Has Been Reﬂ
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Still another object of the present invention 35 is to pf Wﬁsd%H%ﬁT HAS BEEN1

el ectrical connector having a spring- bi ased circuit ftard- éﬁ@h@ﬁﬂb
assenbly, wherein the card-. engagi ng assenbly includeSTa Giggep
spri ng havi ng t wo 4 096-223 SC
fulcruns fornmed thereon, the ful crunms supporting a pair of contact

springs on opposite siderr. ® Gig @iviciagimilar 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; | .

5 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;

10 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;

15 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

20 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;

25 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

30 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;

et Has Been Replaced
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receiving slot of the connector, the contact spy g | e
portions extending below the fulcruns and arm [BTHIS $EHET AS BERN
above the ful-cruns, the contact springs being REPBACED aboutP®é? iS¢

associ ated ful crum '__nts8 nder urding of The ciTcorr—card when the
circuit card is i nddtedd A% RE (ﬂﬁg’etgtv VIS R% THhe FRA G e
circuit card i mpaddes amqpponend edritldzteds pini rihed exprid-enggoeneninsgssdmbly
contact spring @ OlddrnHiB Y JF §a¢ .t Q6; nove into contact with

opposing sides of the circurt card t'o thereby exert a card contact
force normal to the FIG.r 3§ tisc A anshive@w of the spring craddg af | |

: ﬁ f-ﬁrfjhers obj-emmf;}ahaaaxeesqanl etally i)y iril.(iﬁmésﬁ 10- 1 @H&ﬁe@ﬁhi gh speed,
~ high density el ectr onnect or i ch . has, a rel at,i ve oW Circuit
card insertion force and ﬂggt 2%81%&?%5’%% Vi £ tne C%T'Fb%féx'r?ﬁj ot
assenbly whi chRIg.i a¥y takeyn@dorighd iniesc @a-20arkhereof; W t hout . the need for
an external connector actgs

i%& is a perspective view of one of the
contact spring members utilized in the card-~-engagernient
10 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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20 mechani sm the circuit card-engagi ng assenbly havin

or biasing force applied thereto which biases the cay TﬁlS Sg%ﬁﬂ@é%#é”“
operative position which readily recei ves the circuik—cat _
Summary of the Invention In one principal aspectpﬁgEﬁ@e
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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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I nvention and as exenplified by one enbodi nent of the 71 an
I nproved circuit card connector is provided 5 mﬁt1THK%§H@¢EE§§

assenbly extendi ng between two connector end p rti ot Booperht es
therewith to define a circuit card-receiving slot which e

| engt hwi se bet ween the connector end portions. This card-qﬂﬁggkgg
assenbly includes a pair of opposing, spaced-apart spring 10 ers

whi ch support W%iifﬂde%nﬁtd?:% Ghd 'x@eéaseeé iddNto fac*.lﬁt{a?l’:é tdntery 6E
spring nenbers are suﬁgprte bet ween connector n g tlons by a

_pair of fulcrufde ifhicard 30 m"t%é’l'?pr‘-'r‘ﬂﬁ‘ infler the
tinfluence of tlkdot 80. @Lmuugmmm s‘tﬁ:wdul.'& |am'mew h)nttr:hé he

Crbodi ment ey Sk SriksY-Hngll, |y SRS 40 RJALAILR, LA b
| engt hwi $e al ongpderstomthddhadr thed conpneotion hwusing maypringluderbers at
locations i nt erigelahf iRROH RS Qhich extddlf (Y | {BIORISgth of
| the connector 20 and which partially enclose the
connector circuit card-engagement assembly 50.
' The lower surfaces 47 of the end portions 40
10 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.
15 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
20 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
25 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
30 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

35 within respective openings 41 formed in the interior

12
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20 I n anot her principal aspect of the pr 2}
i nvention and as exenplified by a second enbodi nent of | THIS SHEER 4IAS BEEN

i nvention, the card-engaging assenbly includes a pair REFPLAGED ng
menbers supported on a pair of fulcruns which are—formed n i of
a cradle spring. The cradle has a 25 plurality of upright enggge %
menbers that are received within a like plurality of openings

di sposed I Nt N3aces 455RE AT RHACEE MICHE G9°PCTHER S IIISY Ay L1 SPTIng
menbers in plaCe upon thé cradle spring along thé ul'cruns. 30
+ I n anot her pri FEPpRrtedybetwern: fhepuppem and lowerm@mfiasies #3pr dRE or
bi asi ng force, thRY cefnerRbore@dndOportionst B9 anddloh Yppord te&ildged ¥ spring
menbers to hol d_them ,_in pFé wi t hin the connectaq nd to i ntain
the spring  the FEREEFIinG 05 EPe: FoEe5EER 1on AT AE EHS ERbhnect or
35 | $ r eadyeceivdng wdoth@0ci r Mhiet radde 52TH: ituyer isuppodft a pair the
circuit card oyer ¢4IRd it cirA ehddedifteheibeys? i11ustratea as
flexible spring member 53.
The spring members 53 are solid throughout
their length as illustrated, which increases the
10 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
15 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
20 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
25 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
30 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
35 engagement portions located on the opposite sides of the

13
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camm ng action with respect to the spring nmenbers to
6 effect a contact between the flexible circ
circuit card. _ In still another prin
present invention and exenplified by still another

I nvention, the contact springs of the

uitry angi THGSHEET HAS BEEN |
ci pal aspect JIERLAGED

> enbodi nEimpd the

96-223 SG
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15

20

25

30
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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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card-engagi ng assenbly are rotatably supported on the gqﬂ{ quﬁ;BEEN
at specific hinge points which serve as ful cruns abo B%

contact springs nove under the i nsertion of the circluit c

In still yet another principal aspect of the pr esent |nventé

spring menbers include opposing arm and | eg portions which Qgﬂg

the circuit card during insertion into the connector. The sprlng
menber

| $8 190 ittt dli® R9rid aggi‘si(gié NG 6 1N

whi | e the spring nenber arn1port|on ar e

*ful crums, suchalFsuitiy G4 @aype used afefqaid pﬁﬂmt@momu%

spring nenber

pg}gaﬁ{aﬂﬁventlon, portlons nmove in opp05|te directions in

this |nsert

rD‘lelp(r)]gsgoto t he tlﬁﬁgof th Sﬁl;‘Jé% ‘f’g{;‘%boér% he ?8'-@ elgztor

outmardlﬁ\mti1lammnaﬁedﬂsﬁyie(nnnbtrun&mnnuﬁnﬂwh;chMaIpﬂuralltytme spring

menber ar m por-tgd QRS iR S1idi il ([ REELd %2 (which may include strips

10

15

20

25

30

35

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

gener a above t he
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card-receiving slot such that the circuit card itself -6—a5

actuator in applying a contact force between 25 the fl exi T8 SﬂﬁﬂﬂﬂS?EEN

and the circuit card contacts. I n anot her flurt heREPLACED

princi pal aspect of the . present invention and as exenptTT]
anot her embodi nent of the invention, a cradle spring is pr§§T§§ﬁ¥%
to support a pair of contact springs. The cradle spring 30 e

| ower extent of &tclér?é“ oc&g& raexcee'd’iélgb%é)t eneranbe %ééi FE0Ne or and

i's supported orPa connect or onnec es neans
*for applying arcineuil ccard contagt ads t3h whenllthemirgnib @Mr@tiet

the | over furry eiﬁségté&‘%.r% EHE PN BFig 16t C@@neCQﬁG% )
retains a predetern1ne he cradle %Prl I ncl udes, t wo
engagenent surfpa%é%eﬁtheﬁh%e’lﬂﬁ% e ldq'(ﬁFo?fﬁ %fd%‘%eof t he
card-reces vi ng Sledtivlel odralitry 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
10 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
15 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.
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.,
25 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
30 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.
35 As shown in FIGS. 2 & 6, the retaining springs
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serve as fulcrums while they support the contact g

on opposite sides of the card-receiving slot. The corﬂ&ﬁ$ ET BEEN
support flexible circuitry on opposing sides of the ¢ard- rRiRi

slot. The cradle spring 5 I ncl udes suitabl e engagenent Treans mh

retain the contact springs in place thereon. The connector%';a:l;‘%T

I ncl udes a second bi asing neans which applies a force to g eact

springs to ret@§1éﬁgﬂpédéfykdngﬂbﬂ§¥%éd(¥h openings 49 formed in the
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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 "
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al ong the upper extent of the card-receiving slot. 10 These

and ot her objects, features and advant ages of the pnasRSISHEET #AS BEEN
will be clearly under st ood through a consideration ¢f theRrfmIACED ng
det ai | ed descri ption. 8

Brief Description of the Draw ngs géﬁggTéG
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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
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li ke reference nunerals 5 identify |like parts and wherein: PATENT

FIG 1 is a perspective view of one enbodi nent
constructed in accordance with the principles of the

card connect or

of an i nprowsd223 rseui t
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300 is generaddy theusems: psy thefizst embodiment af 9the
confletioRe 202 Ft‘h'afw it AncQludele aroMRerdeaibte

|II strati,ng further insertion

i denti cal q&
%eaﬁ&nanpertmn 110, haying. Byo. cryracsiving Feesifkt or
112 flozmed oty opposingeaidesoniagt 3 ishehereafy maMeer | eg

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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portions of the connector; 20 FIG 5 is a vigu ;{H’ Tent+eal
hd)

FIG 4 illustrating the circuit card fully inserted SHEETHASBEEN
connector card-receiving slot; FIG 6 is & per SIMERIACED
view of one end of the connector of FIG 1; 25 BN 7
I's a perspective view of a second enbodi nent of an edge c%ﬁgé sG
connector constructed in construction with the principles™ %%e
present inventi dr?ﬁn‘és %ﬁ.w%;
FIG 8 is a pelir%% ct | \:/Lge\“ ew a g;ﬁtglﬁ"%d’é‘gﬁ% engagerreeerﬁ té’s%etr%‘?y

. of a third enbhGompeRengs.an edge card connector constructed in

accordance with the pringirgsss10-12 ilQusthaty @sTourtl didciiment of a
card-engagement assembly 300 which may be utilized in the

5 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

10 . 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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hal f of the card-engagenent as

3 iII'I_‘HQSSb_lEETHIASBE
.. menber and the REPLACED

FIG 9isaviewsinlar to FIG 8, hut with o
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manner of engagenment between th ring ...

FIG 10 is a perspective view of a card-"-" : . engagenent aomwﬁgi
utilized in a fourth enbodi mrent of an =~ edge ®ard connect or -3£gTéG
constructed in accordance with the principles of the preseﬂﬁ
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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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10 FIG 11 is a cross-sectional view of the z :
engagenent assenbly of FIG 10 showi ng the assenbly in THIS' QE:-@HAStBEEN

a connector housing at a rest position wi t hout a clecyj tAEPAAQGED
inserted therein and with the flat fllexible circuitry remyed DT
clarity; 15 FIG 12 is a viewidentical to FIG 11,96_‘53SG
illustrating a circuit card fully inserted into the card- engagernent
assenbl y.

G i ' ' rd-
engagi ng assenb f/art?tbyl Pzrgalgfﬁrlllz él.:k:l%f tﬁ%@%%%%ﬁ?sgﬁﬁ%f?oaﬁesem
i nvention wit hsy¥&asiege ofh&heoCirsidfegags 330 as shoyn-ty;

. FIG 14 is a cross-secti gpalond @¥termativel énbodiment ,C ¥atiRiigadiaig

assenbly of the e illustrated in wi_ng the initia
i nsertion of ar@h&p &

_ Flg" 13 SQP
20 WPRMY 3 FEPaTAte Piasing means  to-peitian The, same
view as Bl G 1séprings menbey leg porttieons B4 ttogmtheryl Ithe rgarimed into the
card-engagenenhembers 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
10 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.

15 '~ 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.

20 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

25 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

30 - 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

35 shafts 407 which extend lengthwise along common hinge
.- 22
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assenbly; __ FIG 16 is an expl oded perspet%?%es”tg\/\“ﬂé BEEN

si xth enmbodi nent of a circuit card connector constructed HEPlRCED
accordance with the principles of the present i nv

FIG 17 is a perspective view of the connector of FIG 16 ﬁﬂrﬁ%ﬁce
upon a printed circuit board; 06223
FIG 18 is a perspective view of the spring cradl e conponen

utilized in the Gl QPRI RS ™ Wicrums 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
5 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

10 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-

15 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

20 412 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

25 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

30 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

35 card-engagement assembly with a small number of

23
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of the connector of FIG 16; FIG 19 is O
spring cradle of 5 FIG 18 taken generally along |if g%ﬁg‘%&ﬁ”

FIG 20 is a sectional view of the connector of FILG kD al ong
| i nes 20-20 thereof; . FIG 21 is a perspective vi one
of the contact spring nenbers utilized in the card-engageﬁ%ﬁi
assenbly of the connector of FIG 16; and FI G 'S an

enlarged Vi ew Qlogiihdifiid 1) wifich the ddiftKiid QOAATHECRIRAP! Y Shown
in FIG 21 shomnn ternate enpodi nent ther.eof. _
uti 1zes simple spring concepts.

FIGS. 16-21 illustrate still another embodiment

of a circuit card connector 500 constructed in accordance

5 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

10 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

15 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

20 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

25 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

30 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

35 laterally within the connector 500 and further flank the

_—
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Det ai | ed Description of the Preferred Enbodi nents G
illustrates an edge card connector, general |y i ndi yt”@dsﬁEETZHAS BEEN
constructed in accordance with the principles of the préEPhACED

i nvention. The connector 5 20 is nounted to a primary prrnt (ﬂﬁT
board 22 having a plurality of different circuits 24 dlSpO%
thereon leading to a plurality of associated contact pads %aggs
26 | ocated on 8 ' It D d

The connect or §8§ R?ﬁ?g%dgng%gﬁrgbﬁggbgs 320 to Egg§%3h£bgﬁﬁé§adthgr
circuit board Rragingaforeendar fhe cardceneagpmeatdaggem@awhgradd@heral|y

pl anar substrakgr3hg 530 as explained in greater detail below.
Additionally, the posts 524 of the connector base member

"

5 518 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

10 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,

15 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

20 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

25 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

30 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

35 words, the distance between the exterior surfaces of a
*f“—~—~—~—_e_\________
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and a plurality of contact pads 34 aligned along a ns. ' dge 36
of the circuit card 30. The circuit 15 card 30 [hEHSiSHEET HASIBEENp4ds 34
di sposed on both sides t hereof, typically arrjangedREPLADEDarray|of one
or nore - distinct rows, and these contact pads 32 TRy e .

el ectrically connected to each other in ways well known ir1§2§§gﬁ§;to
provi de redundant contact surfaces in order 20 to enhance the

reliability of ' R Q- I ' i

o ning now LoBEG OF Uirertiny MM posts sFPMERLMhtLy greqter
housi ng whi ch d&eey &hey hardiaantal; Width of dhe Anagdle ERIGNG ety 632.
preferably which are nol degady of JdoritAR) sPraGidd BHd Jesttidnd aldngthwise

. material, suchaa% pl astic. These e dﬁggﬁt%§£§140, serve to define the
" overal | | engt h3dPngh&he FF SRy 1ng 930 d d&ye as bestyj i ¢
card-recea vi ng idluist3ateid tite FIomeateors 21, la) plurality of ageningseassnd

portions 40, eQﬁQé @Qﬁgﬁ%.iegagﬂwise 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

10 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

15 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

20 508.

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

25 "rock" about the fulcrums F 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

30 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

3% connector 500, but which is not applied over the contacts
—/’_’/
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30 42 fornmed therein which extends down fronhkhe—uﬁper surfaces
43 thereof through the body 44 of the end THi§ 8HBER HAS BEENA
predet erm ned depth D. These recesses 42| commREPLACEDW t h |t he
interior, opposing faces 45 of t he end portirons 20 amd—TTey, {Fde,
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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

27
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12 sl ot 80. "Although the housing shown is defined by the
two spaced-apart end portions 40 illustrated, it

that the connector housing may include | o mHﬁhﬂHHE'HQ$JgﬁHI
extend the entire length of 5 t he connector {20 arREPMACED .f)é&.]y
encl ose the connector circuit card-engage Y 950.96-223 s¢
The | ower surfaces 47 of the end portions 40 are adapted to sit on

the circuit boghd s 4% B iHYl the o Reoritiait dabasdS5dd I&s:stmé ed,
with tapped openlngs 48 10 to0 ,acco ate nounting screws (not_s omn)

Al ternativel y, THe¥iblie ciguidaye inkohGonfFasiaeithdhie igpntact gags 8% 1y
be utilized, swiled a8 reuird idagd.ugs or posts The end portlon 40 may

component s of the 15 TIndd o LAFEraRE AR S BB are 0 are

5 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

10 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

rder st ood:
| s which

15 layer 610 may include a material with inherent lubricity
which would serve to reduce circuit card insertion
forces.

-
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preferably aligned | engthwi se al ong a | ongitudinal axis of the

connector 20 so that their respective recesses_42 ni ngs 41,
49 confront each other and preferably so THIBBHEET A BEENRI nt ai ned in
registration with respect to 20 a centerlijne C REPIGRCED-5) fP
card-receiving slot 80 of the connect orl26- T 9~ Q%G
connector end portions 40 not only define opposi ng ends of ﬁ e
connector circuit card-r |\ MaverRf 1 i NESpective
_recesses 42, but they 25%%1@5%%5531?@5}1? ?rc%grécﬂt}?/.tl carrggleénrb%%éyrre%

assenbly 50 . conststadefifrah a Mariahh Gfematatiae maidh FRyhHiceaFui t

. car d- engagenentthas cotiactb @priitidsdind dihdl Iaradle! Spreilfl may beFlﬂgg:'I%dELS 230
1N . -

and e oper At oD e IS RSP ok 30 tym, e’ R L
52 whi ch sext endstadniens steedt widch Ippssess deminaldieorsparichgorti ons 40 and
whi ch are SUpp%&H%%éQE?{QE&cs, 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
10 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 which have been
- discussed herein are merely illustrative of a few
15 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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wi thin respective openings 41 forned in the interior faces 45 of the

end portions 40. The rails 52 are 35 S i e upper and
| ower surfaces 43, 47 of t he connectgﬁﬂgéﬁﬂﬁgggﬁgﬁgE on
opposite sides of the centerline C daf_the Fe s 42g@nh Ofad he

card- A NT

SHEET 1. An electrical corhector for §Rdvidithg !4 80.

The rails 52 in _turn support a pair . ]
: 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

5 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,

10 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

15 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

20 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

25 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;

30 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

35 inserted into the slot, the lower portions adapted to be
moved about their respective fulcrums away from the

This Sheet Has Been Replaced
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of circuit card-engagenent nenbers iIIustrated as flexible spring

menber 53. The spring ne ﬁgggpﬁgsqmgujthroughout 5

their length as illustrated, which increa A of the
connector 100 in overconmng’ manuf adturin Irrnnnlay L6 €553 ase may
occur in the circuit card 30 and which would ordinari y prevent

ef fective cont agintal VR (6 GANEEIE B AdWpGRNES Ofnd Oinser@foRnés t he

contacts 34 of the CJrCUJt card 30_were the contacts to be_a
plurality of. e GRS HaA%Y) ahdgthe “PPe’? RNt ions being c‘%‘{?%ﬁﬂ%"t
rspring menbers tifeir |redpetteive fulcrums toward tise bebicuhbveard asytkhé

FIGS. 3-5, th di

20 my 18 | IGAGE cand, i RS, Bald eddnd SRUEELEY SEOTh o
t he ends %f t hhecontachs making Ettagt t(witlptheselettrical contactsgof
surfaces of the\:l{ésc%f]édi‘&? Si¥d %éf?'@f‘é Scfbuit cardM&hed BBy PRsdPeea

support rails 52 of e connector.
into the slot.

2. An electrical connector in accordance with

10 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

15 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

20 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. |

25 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.

30
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
35 extent between said connector housing end portions.
.
[ 2 This Sheet Has Bee
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wi ||l be explained in greater detail below the rails 52 20 serve as

fulcrums F in order to provide points about ' pring nmenbers
53 nove during insertion and removal ?ngl“@"ﬁfﬂrl‘d)‘tﬁ BE fromthe
connect or 20. The structure of the sgring RERAGED 53 B PN

opposite sides of the fulcrums Fin that, in the 25 enmbot ment
i llustrated, spring nenber, | Qg lé‘i@c‘t?l%ai%%%ector ﬂ%ﬂd&i‘&a\ﬂaéﬂ%ﬂﬁpend

downwar dl y fron1the fulcruns F. The portions 55 include a | ower
bend therein t&la cfé‘F‘tFP@raﬁWéﬁtli"Snas PR ec BRXAPO sxtandificch a
' retention forC&eir@thﬂﬁJsleeGbebﬁleblihes%ﬁ.ﬂl dOniedtors holisidy end portions, The

spring menbers | nglude card rtio ocated on
t he opposite si g‘ dltiﬁ spring é‘é’ﬁ"&or‘% oﬁ?a%%%g%?%ﬁ? %%@ sﬁg\%r# as spring
arnms 57 Hhat deflnhagesalgeﬁ@ﬂaru@sshaped configuration. The spring arns

57 extend upwardly fromthe seat portions 54 of the 35 spring menbers

53 and nmay be considered as form ng
6. An electrical connector in accordance with

claim 5 further comprising a connector base extending
between connector housing end portions and wherein said
10 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
15 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
20 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.

25
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
30 receive said cradle spring engagement members therein,

said cradle spring engagement members retaining said
contact members in place upon said fulcrums.

N
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di stinct backbone portions 58 and circuit card.contact - portions 60

whi ch are bent back upon the backbone THIS SHEET HAS BEEN

14 portions 58 in the manner shown and which are

i nterconnected thereto by bight portions 59. -The spring gngggﬁga seat
portions 54 are angularly disposed with respect to the spring arm

and leg portions 57, 55 gl  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
5 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
10 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
15 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.

20 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

25 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

30 flexible circuitry supported thereon about said fulcrums
toward said circuit card-receiving slot and into
engagement with said circuit card contacts.

LI Y Tl



5 intersect therewith such that the leg portions 55 are of f set
both vertically and horizontally fromthe s{r#i ar m backbone
portions 58 as illustrated.. It ShOU|C.%ﬂ§é§h§§§g§£F atlon of
t he spring nenber seat portions 54 nmdy_he é@ange
the 10 | ength of the lever arns provided by the spring nenber

armand |leg portions 57, 133 amﬁ.%h%k&&ﬁcﬁhﬁ@@hdé@%d&oﬁﬁ?accordance with
characteristics_of, the c% negt o ring nmenbers 53

may be forned relnsarpp.(;)msel,qmc&qtgctv\meg}pq r%eﬁrt% i &g r ed

. degree of 15 firsesioperatyvieo posd tdan]- eagsyeontiactssember Seg In this

: regard.the spr er, 5 I .d rt. f la urality of
contacts 62 of %% qgg;r%ne%to p%%%n%h%\%:r§ it o?’mes% |trllla§] Itg]%gth of flat

f | exi bl e5ci r cuithigkfteBBECOf &&id circuibweandcikd degtinsestted dintid @ais e

circuitry are elrouitl Chidraledvang biot,! WA Fuxthetliddnp:ibiny Wldns

known the ,art, and variations na used such a
for b1as1ng said contact me bers when sa1d connector is

in said first operative position.

10 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

15 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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referred to as "flat flexible cable, flexible printed }THIS SHEET WAS BEEAH

flexible filmcircuitry" as well as by ot her desquptlggpuygggs
However, for simplicity, this 25 description uses only—the—i-erm——ttat
flexible circuitry,” but it is understood that the use of tﬂ? & rm
s for conveni ence only and is not to be understood as |im %Eb
the scope of the invention. Although two | engths of . erX|bIe

circuitry 64 a;&EﬁL gt rated in the Figures, it 30 wi || be understood
that a single [ en 0 erX|bIe C|rCU|t%¥JG4 n%y be used as wel |

for connect or s S CARD COl R UTILL . FIIM C LIRY | at
. flexible circuitry 64 tym Qﬁ|r|dx:u|ta$:a&'d connedtﬁm rtfﬁ(ﬁd*lﬂiM:&éé)fﬂéMIé)n

D ornneh 8 PUERt Sl Fhey ard ish-She el NS AT
flexiblep el ecappda.lelsyal meximatli \foricey do Gme s:mitaaust epads (34) of the
circuit card (30). The connector includes two opposing
connector end portions (40) and a card-engagement
assembly (50) extending therebetween, the card-engagement
assembly (50) including two opposing spring members (53)
10 which are seated upon a pair of fulcrums. The spring
members (53) are spaced apart from each other on opposite
sides of a centerline of a card-receiving slot (80) of
the connector (20). The spring members (53) have lower
leg portions (55) and upper contact arm portions (57).
15 The leg portions (55) of the spring members (153) project
. into the card-receiving slot (80) such that an insertion
edge (36) of the circuit card (30) will impinge thereupon
and cause them to spread apart, which in turn, will cause
the contact arm portions (57) of the spring members (53)
20 to rotate around their associated fulcrums so that the
contact arm portions (57) will contact and exert a normal
force upon contact pads (34) located on opposing sides of
the circuit card (30) near the circuit card insertion
edge (36).

25

—_—
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15 polyam de film The flexible circuitry 64, '% H’ e —
applications, may al so include several additional |ayer E E§1ﬂm&ﬂfﬁvj
62 separated by intervening insulating films in orderliq cdIERLAGED ... |
shielded flexible 5 circuits. The flexible circuitry 64 may furthéf

I ncl ude an outer insulative layer 71 which. overlies portions of

the contacts 62.

This Sheet Has Been
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The two strips of flexible circuitry 64 Il lustrat . . e
supported on t'he spring 10 menbers 53 in a manner suc SHEREHAS BEEN |
substantially - envel op the outer perineter surfaceg of tMePIAGEDNg
menber arms 57, nanely the spring nmenber inner contact arm

58. In this

portions 60 and the spring nenber arm backbone portions
regard, the flexible circuitry 64 is bonded 15 at one, upper end 66
thereof to the upper free end 68 of each spring 53-and at an
opposing end 67 to a support plated70 in any sui | s manner. '

. The | ower end 66 of the flexible gLcuir ¥4 Do Tigludgs an open

" contact area 72 where the contacts the circHiysry] 64 are exposed
for nounting to the appropri . f the printed
circuit board 22, whil g,t [ yn t hereop acﬁinilar _
contact area 73 wh t : : Epvs ~  layer 71

has been renoved so aﬂDt ts G2 thereqn
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25 are exposed. These circuit card contact areas 73 are

preferably positioned upon the spring arns 57 in the I J§‘$(§HE§EM$ BEEN

such that they overlie the contact arm portions 60 that__are

RERACED

general |y opposite the circuit card contact pads 34 when the crrcuart
card 30 is 30 fully inserted into the card-receiving slot 80. (FIG5.)

As best shown in FIGS. 3-5, the | ower ends 67 of the flexible

circuitry 65 may be fol ded upon thensel ves as shown to formtwo

opposing slots 74 (FIG 5) which recei ve the support plate 70
. therein. To increase the 35 stability of the |lower portion of the

connector 20, the _ plate 70 may be bon%&% I n any suitable

manner to thello 67 of

16 This Sheet Has Been Replaced
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16 The flexible circuitry 64 and the spim
menbers 53 which support it cooperate to define a circuit TH\Tt SHEET HAS BEEN
card-receiving slot 80 of the connector 20. This card- . rRERUAGER g

sl ot 80 extends |engthw se al ong the connector 5 20 and conmuni cat es
with the two recesses 42 formed in t he opposi ng connector end
portions 40. FIGS. 3-5 illustrate the interaction of the
conponents of the card engagenent assenbly 50 during the insertion
of a circuit card 30 into the connector 20. 10 F Wth

- specific reference to FIG 3, the

" This Sheet Has Been Replaced




connector 20 is shown in cross-section at an initial, or
position where the two opposing spring nenbers 53
fulcrum points F defined by .the connector rails 52.

position, the leg portions 55 (i.e., 15 t hose portions

menbers 53 which extend downwardly fromthe seat portions 54
contact each ot her in an abutting relationship | engthw se along the
| engt h of the rails 52 at the confronting surfaces 76 of the |eg
portions opposite the retention channels 56. In the 20 enbodi ment shown,
t he opposing spring nenber |eg portions 53 are maintarhed in this

engagenent by a series of - retaining springs 78 whieh exteihd fromthe
connector end portions 40 for a predeterm ned
si des of the centerline C of the card-recei
As shown in FIGS tai ning springs
supported i n openi Ej?l $@ in the

t he connector end portion$

324

326

326 358 “302
* This. Sheet Has Been Reﬂ - '
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40. The retaining springs 78 each include a shaft portion. 82 which

engages the connector end portions 40 30 and an inwardly exfHIBISHGET HAS BEEN

spring arm 83 having a contact portion 85 which is of fs¢t froRERLUACED
shaft portion 82 as shown. The spring arns 83 extends

connector at an acute angle in order to provide a prel oad to the
retaining springs 78 and therefore serve to hold 35 t he spring nenber
l.eg portions 55 together in contact general ly adj acent the bottom of
the card-receiving slot 80.
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17 | When the circuit card 30 is partially insegted gEEﬁ
Into the connector card-receiving slot 80 to the position TTH&;SHEETHAS

illustrated in FIG 4, the insertion edge 36 of the cirduit cBEGR —
| mpi nges upon the spring nenber leg 5 portions 55. These spring nenber

| eg portions 55 act as cans or levers in that further novenment of the
circuit card 30 into the connector slot 80 will increnmentally

i ng themto

Re spring menber

S he ful cruns F as
Qn novenent of
ion force

separate the spring nmenber |eg portions
rotate about their fulcrums F, and reQ)
arns 57 rotating in opposite directi§?
shown by the arrows R in FI G

the circuit card 30 is partially

apart, —o@u

- This Sheet Hys g,
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applied to the spring nenber | eg portions 55 by the 15 ret ai BEH
78 in their contact against the retention spring channels iﬁ%ﬁ
e

that the card- engagenent assenbly 50 is able to exert an_in

control of the card insertion. Further novenent of the
circuit card 30 to a 20 conpletely inserted state as shown in FIG 5
results in the spring nenber |eg portions 55 being spread apart a

di stance equal to the width, or thickness,. of the circuit card 30,
resulting in a secure nmating being effected between the @rcuit card
contact pads 34 and the flexible 25 contacts 62. The
novenment of the spring nenber |eg portions ' _ Forces
t he spring nmenber ar 57 agai nst oppgs¥Fng Naces of the
circuit card 30 and G Laact portions i U 2$6ect, 30
cantil evered fromthe backbohe' ard bi ot R

510
: N
504 '
| 555
550
c _558
55 508
- X 1 552
A A R
| 56
| 524
/411530
\ 566
559 522 520 __ == 569 53

5
69 519



spring menber arm portions 57, are thereby urged agai nst
card 30. The outward pressure applied to the spring ne lo
portions 55 by insertion of the circuit card 30 resultslin an
effective normal contact force N 35 (FIG 5) being applied™y
spring menber arm portions 57 against the circuit card 30. This
normal force N firmy holds the flexible circuitry 62 and
particul arly,

600

N————>

602 f
F

606
°e c 6i0
-
-
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Its

470If2 22

apar sttt ne

' Q ~—8 0 circuit card contact pads 34. T,

conc (e A@E@SHEE’IE& an8G he fsolid nat Wﬂ&%

53 e _Wnscnnector nmof e conpliant and 3BL ETS - SG
?SHEP

connector—ous

nanuf| &t Pescriptipn paged 11‘7‘8@39%91“ e whi ch may occur tofpaged .....
ci rcJigy c@aﬁ(dp SQ>a pwGi. ntotpagedbppeos| ng si des of the Claim(g rcupagedé’ do3paged 3
are g4 D waaé@.r]f%!.. R ar t her mp & Drawiing(g) tpeged néetot paged .7
phase kbone %%E@IﬁI@gﬁ_ gHndbstracts  53paged 7 fto opagad ...
posi t§it ? \RREFL el RERE al'Ty outside the sides of the qé

Mg (F1 G 3) to a position where they DATE OF RECﬂlpfiﬁF l‘-7?

aligned with t
The connect or

t han one circu
in FIG 7, whe

10

15

20

25

30

he sidewal | s 41 ofclRteITCO &S CONNECTOR STTU POt oS
20 of FIGS. 1- o | iEd ﬁi ﬁg géggﬂﬁbdate nor e

it card, or GeEngng ' illustrated
rein

Backaround 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 card-
receiving 91ot.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 formed. 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 thelamount of circuits for such a
connector.’ SN EL

It has been found that using flexible circuitry
for edge card connectors provides numerous advantages. i

R&#meam SHEET o
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another circuit card connector. 100 constructed in accordance with
the principles of the present invention may be seen to include two
or nore connector "bays" 102, 20 103, each of which is intended to
receive either two separate circuit cards or the circuit card 104
havi ng two di stinct insertion edges,106, 107 separated by an

I ntervening notch 108. The structure of th& connector 100 is

general ly the gamBtasmhbl bhh3leeBOEEABBt ma) bBeuedlizedOBRERLQE SR

except that it _jncludes a te diate .. ho n portjon 110 havin
et recb! GPROFaaE, 08 ABoUE 8y 35Me o, This cFREed: ROt eh gBerEhss Fho’

thereof. The even gppasemgreddesidhdinltheaksvei of| the ¢ohnectosspport

openi ngs and r i .nisng l o] i (o] uprrails
and retaining %%?Pﬁ&s.fi%%%BgSr§igﬁgg§F%gP§8998ééaé§§%%$?e2eﬂég#g§1 are
t her eby Suppor ségnbét perfiormence, espechaditvowibbubigh spededndignadenedi ate

portions. For example, BLYCubih§! c8HAHETBRL1 108p8854F! bRf-ABOVEIp
or stripline configurations that are readily achievable
with flexible circuitry, faster signal rise times and
higher signal frequencies may be accomplished. Through

10 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.

15 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

20 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,

25 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

30 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
35 which avoids?EhQ”imbogition of detrimental stress on the
 flexible circﬁitry and:which provides a reliable circuit
card-engaging means to apply a reliable contact force to

CEPLACEMENT SHEET \
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il lustrates the general structural features of connecteg
present invention. The card-engagenent assenbly
connectors of the present invention nay take for
specific spring nmenber-rail assenbly

19 Illustrated in FIGS. 1-6. 3

8 & 9, such an alternate :
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

5 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

10 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

15 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

20 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-

25 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

30 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 portiomns.

Still another object of the present invention

35 is to provide an electrical connector having a spring-
biased circuit card-engaging assembly, wherein the card-

~engaging assembly includes a cradle spring having two



card- engagenent assenbly 200 is shown as havi ng two 'Epring
menbers 202 supported on a continuous cradl e i ng 204. The {crjadl e
spring 204 has a generally C-shape or U shape JdiZedtN 998 mit He end
t her eof and i ncl udes a support base 206, two jr 208 whi ch gxtjend
upwardly fromthe base 206 and two ful crunms F which 0O extend alondg free
ends 212 of the arns 208. 4n this th ' e
fulcruns F include a plurality of retention lugs 213 which are
spaced apart ifPlETIRS rf&i-'“ﬁfﬁ heFaBhgthe Salsrymg tswportlng PuPidns F

bet ween opposicly cuittady dprEmsy Grer@ReiR sides oFs e Wilneud@0.carbhese
retention lugs 213, as %pelved wthin a

series of oper‘ﬁqﬁ;'ges1 qut qbfgi%teefoélln&‘?&qrhe té‘?atcoﬁ%rat on® 2% the
spring nmenber having 12¢P poktteiomso eartengsing bedowr Ity du lichamst rad et i on

lugs 213 so aiﬁ%ﬁbers %%§% néﬁe uponQﬂ%‘H%l%&%mknh%%!tc%%tactthe ability

of the spring
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
10 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
15 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 comnector actuating
20 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 card.



respective fulcrunms F due to interference between the;%m@j"~“”t“£§§ pe ts.

FIGS. 10-12 illustrate a fourth enbodi ment of a 'c&tﬂJﬂﬁgﬁa

assenbly 300 which may be utilized in the 25 conneqt TS of the pregemt
~invention. In this enbodi nent, the assenbly 300 i|nchydggNa1997

conti nuous support cradle 302 having a generall y U shape or C shape

with two opposing spring nmenbers 3045supported - wo—f-ree—euges 306

of the cradl e spring 302 that serve as ful cruns for the spring 30

menbers 304, e ch include a prurality of
slots 308 forned therei nyyhigd {@gﬁéyﬁal aspe@SSOFi Gh&dpr&s&mt i on 1 ugs 310
her ej '

of the cradle o D013 %nd as exemsliti i
plified by one embodiment of the
invention, an improved circuit card connector is provided
5 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

10 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-

15 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.

20 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

25 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.

30 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 opérative position in which the connector

35 - is ready to receive the circuit card. The insertion of
the circuit card overcomes this preload and effects a
camming action with respect to the spring members to
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20 In this enbodinent, both the slotg Qﬂﬁfﬁﬁgfﬁhe«——
retention lugs 310 have a general T-shape that permts 1" thénhé e
easily assenbled in an interlocking rel ati onshi g dnd141 d¥Née ﬁr S
that the sprinng menbers 304 5 will be retained in theijr proper _pasitii qn
upon the fulcrunms F. The width of the top of thel "tees" of the
slots 308 is preferably greater than the wesdth of the top - of—ttre
"tees" of the retention lugs 310 and the bodi es of the slots 308 are

wi der than theffrtitsa cfontect detweam the flexihje Itrduitsrwiend dhe
facilitate the, AssgPl . the card-
In still another principal aspect of the
present invention and exemplified by still another
5 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.

10 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

15 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
ingertion of the circuit card into the connector. During

20 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

25 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

30 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

35 retains a predetermined width. The cradle spring

- includes two engagement surfaces that extend lengthwise
on opposite sides of the card-receiving slot and which



engagenent assenbly 300 wi thout binding, once the HEPI.AEEM&%T ﬁ“ﬁ@b s in
its assenbl ed position. An inportany ¢traracteristiclof al
of the enbodi ments of the present invention dis¢l d I s| 15
the ability of the spring nenbers to "rock” or nove Ra kQF?‘nh@ﬂ”T] ofth
upon their respective fulcruns in response to t '
circuit card into the card-receiving 7 slot of tlhe connector and in
effect, act as |lever arns. This type of rockjmg—actiolm In the fourth

enbodi nent i s SFve aslﬁP&§FP&FeHhFﬁeFFESY $YPROYS thReFePhagFSP¥iNgs

illustrates on oppbaat@arsddeegage&ﬁat c&i‘&eﬁ‘bbéxﬁﬁﬁgl Blaa.i nTheal , ready
position in placg a connecto %R BQ rc E o theaneX|bIe
circuitry r emOVE aFSrSEFéP?FySERHO Sﬁé e BF tKe BnERBPPE™ 922 of
the housing beiidgsviosi bhe cardhee251v1nng@utes.Thencrhdierspdﬁngosition
the Sprbng MeIReA3adl4 suita 1er8 gapgmghg eHHQ”wBEShCE%GE €nSPheNg 302 such
that the opposing l'eg ons contact eac ot er wwthin the
contact springs ln 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.
10 These and other objects, features and
advantages of the present invention will be clearly
understood through a consideration of the following

detailed description.



perimeter of the circuit card-receiving slot 326. \Wen a circuit

card 330 is inserted into the slot 326, the 30 circuit card insertion
edge 328 engages the | eg portions 324 of the spring nmenbers and
causes themto spread apart, thereby rotating or rocking the spring
menbers 304 about their fulcruns F. In this novenent, the arm
portions 332 of the spring nmenbers 304 are8rotated in 35 opposite
directions about their respective ful crums F and t her eby brought

i nto cont act efiDegeripbien of the Drawingges of the circuit card 330

as shown. In the course of the following description of
the detailed description, reference will be made to the
attached drawings wherein like reference numerals
5 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

10 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;

15 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; '

20 :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;

25 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-

30 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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21 In one alternative enbodi nent, rather than

rel ying upon a separate biasing nmeans to position the spring nmenber
| eg portions 324 together, the spring menbers may be constructed so
that the leg portions 324 5 t hereof have a |l ength and nmass | ess than
that of the arm portions 332, so that the mass of the spring arm
portions 332 applies a biasing forcedto the spring nenbers causing
themto pivot partially about the fulcrunms F _so that the spring
nmenber |eg portions 324 B§G4 Shasumalvipw gigHd amite® FFG. 8, hait with

card-recei Vi Nrid HalR o Rhd W@ 1diyafinidit HyEARbly remcVed R tions 332
and the fl exi .t%ll;“citrcui t r%es%apnorted thereon away fromthe .insertion
edge of the ci straqs. nem&f qﬂﬂ?@ﬁﬂ%ﬁﬁ;hﬁ&ﬂﬁénl P i%hs 324
whi ch extend member and the fulcrum;

5 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;

10 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;

15 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

20 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;

25 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

30 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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into the card-receiving slot 326 act as cam surfaces upon 15 whi ch the
insertion edge and the opposing surfaces of the circuit card "ride"
to thereby actuate of the connector 1d0 effect reliable engagenent of .
the circuit card. FIGS. I3-15 illustrate yet another
enbodi nent of a cafTc entdhgberentpersseadt welGliesuidfaite faprirse in 20
conjunction w gga i LON A | St
spring nenberség%cgfgapg&{\sﬁ%)%%ﬁ eJl u 182%@%93{1{ éﬂygéo‘gnfn%(rﬁﬂ(#b e&: netr V%;gase 4,
The rocker basef 46s egnnectorof BEGat®iin FIG 13, has a plurality of
U tshaped_ SUDDZV gstlﬁf’@. EP?CEQ a”cli)aél_ﬁd | ey e Send %Mﬂ@%x%loez ohf
i nterveni ng spaces er ebet we e spring nepbers ave a
seri es o# sl ot’gfgiol I%%k%‘ba%%rbe’%ﬁ%&ﬂ al{]ong p{’rré‘?g@t)f%ib]s% thhfPhiheir |eg
portions 412 thereof. ThRIG. 20 ispsisectbrmel wieotr of Hthe exminecttde of
supports 406 olf..Iéhel.7 t?kenr {rg }gﬁeesj%cfhzd“}lﬂ&é{@ i nterveni ng spaces

¢ e

408 of the 30 connector roc ase 4 ‘receive | eg portions 412 of
FIG. 21 is a perspective view of one of the

contact spring members utilized in the card-engagement
10 assembly of the connector of FIG. 16; and
FIG. 22 ig an enlarged view of one portion of
the card-engagement assembly shown in FIG. 21 showing an
alternate embodiment thereof.
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the spring nenbers 402. The spring nenbers 402 and rogker base _
supports 406 are interconnected together by shafts 40% Mhiﬁﬂgﬁxﬁﬁfd;
| engt hwi se al ong common hi nge points F that serve ag ﬁul&( f }
the spring nenbers 35 402 to partially rotate about. f
The spring nenbers 402 are free to nove, or rock abqut the hinge
points F and accordingly the hinge 11

22

10

15

20

25

30

35

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 plurality 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
plastic: 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. 1In
this regard, the end pdrtions 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-
in surfaces into the recesses 42 to facilitate entry of
the circuit card 30 into the connector card-receiving



points F are positioned at a |ocation between the spring | pe= T Bt
and | eg portions 413, 412 so that when the connect of &ﬁg’iﬁﬁﬂfﬂ
ready, non-engaged state, as shown in FIG 14, wherfe épbircuit'EaFf
422 has not yet been 5 inserted into the card-receiVirfg 3logyN2@9g7t e
spring menbers 402 will possess a tendency to rock ["qdpen" and

the flexible circuitry contacts 431 will e maintained: away from-the|.

insertion edge 424 of the circuit card 422. That _i spring
member ar m por$19hs8Y13 Althovughche housing,ghewn oks (drfingd at " anm

angl e to the cgwd-spaced-ap£eei dhdlpstionsk@filhestcines] oit WELTRUSe Of
t he | ocat | on of éhgyhln e points F and the differgn %ﬁ

length and masBIFTTFROL FhRY then GORRSGHRT AMORSANG may iRGHIAL od 1o ¢t hat
of the spring leggpoudimnb didewdbls dibich ewtend|tle entise benges ofe
Spring ”?F‘bergél?g Qgﬂﬁéé’i‘ér 20 and Whidn BYS AN SAEObeIVR! Y of the

card-receivin
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

10 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

15 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

20 a centerline C (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

25 also support a circuit card-engagement assembly 50
therebeéween. 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.

30 ' 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
faces 45 of the end portions 40. The rails 52 are

35 ' supported between the upper and lower surfaces 43, 47 of
the connector end portions 40 and on opposite sides of
the centerline C of the recesses 42 and of the card-



sl ot 420. Alternatively, neans may be provided to bias REPLAGEMENW’SHEET

menbers 402 to this position. I nsertion

422 into the card- 20 receiving slot 420 as shown in the
i nsertion edge 424 of the circuit card 422 to engage the

surfaces 418 presented by the extent of the spring 12
into the card-receiving slot 420, 4dusing the spr ng Ieg portlons _
412 to rotate outwardly 25 in the manner shown, whi ch—br+nrgs—the—spr+Hg
menber arm  receigHmo ot B0 .nwdhd yraddd SRe iml EXITB] GUPPOEi #r Pad3n
supported thergonifhg «© Yerdlenddindift MRS i434s@Fated asOPPOSi NG
surfaces of th C|r uit card 42 It therefore can be seen
that the pres € SHWﬁHﬁﬂWQﬂ?ﬁﬁwﬁﬁckm a camlike contact nechani sm as

its car d- engagerrmﬁe annEmy ynemﬁeh:sa &Brr&lﬂe rydmielr thfroughout

conponents in i.ch the cam|i, Gy ne I lizes sinple
spring g%ncepﬁéelr lehgth As #9 EVER EHAY SMereases e

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

10 20 and the contacts 34 of the circuit card 30 were the
contacts to be a piurality 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

15 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

20 serve as fulcrums F in order to provide points about
which the spring members 53 move during insertion énd
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

25 embodiment illustrated, spring member leg portions 55 are
providea 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.

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

35 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



FIGS. 16-21 illustrate still another enbodi nent 35 of ¢ &EFE&E&MﬂNargHEET
connector 500 constructed in accordance with the prlnd"pTES'OF“Fhe—
present invention. I.n this enbodi ment, the connect on ar e

assenbly 502 23 P ‘ﬂﬂﬂS&ﬁges
means for applying preloads or biasing forces to ce ta+n~conpannL§
of the assenbly 502. The connect or 14

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
5 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
10 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
15 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
20 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
25 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
30 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
35 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




500 includes two opposing end portions 504, each of which has a
vertical recess 506 di sposed therein which receive 5 !
of a circuit card (not shown) inserted into the conngc
recesses 506 serve to form the ends of the circuit cpr
sl ot 508 of the connector 500 and accordingly, are
ot her along a longitudinal axis of the corrigctor 500. 10
end portions 504, simlar to the enbodi nent - of FIGY.
i ncl ude ranpedpslydmids Silmwhi The sElexible circisitmade4 ndi :
card-recei vi ”gaﬁ;%???&é‘”é’pﬁ‘ﬂ’@aéi&ﬁs, v ald¥eindMuid | g Sty ] aces

whi ch are SUIta nounti n e connector 500 upon a surface of
a printed 15 additienal lrvews ;a8 Wn%ﬁﬁ/t%lﬁ% ARRATARRR DY intervening

The connegt1 erﬂwhg@ﬁn@nﬁlﬁﬂé IRYord&P wca]:m::ucl% ?Ar%i@idéuv Epykihps or
recesses orne urfaces ecej opposi ng
end tabs’516 of+EY uits. h@’bﬁnﬁ?’(‘)’rb]o%s%l%%te’?y 56_L‘g maﬁﬁehb%ské ‘g]r %
ext ends an outer insulative layer 71 which overlies portions of
the contacts 62.
The two strips of flexible circuitry 64

s

he conne

_ illustrated in FIGS. 2-5 are supported on the spring
10 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
15 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
20 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
25 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
portions 60 that are disposed generally opposite the
circuit card contact pads 34 when the circuit card 30 is
30 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
35 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.



20 | engt hwi se between the connector end portions 504 and FEFLACEME
width slightly greater than the end portions 504 in orjdgt—t | ET
support for the flexible circuitry 560 of the connectqr {500, The
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base menber 518 further has a flat central portion 52

whi ch may be 25 considered as defining the | owernost extgnt_522 of the
card-receiving slot 508. A plurality of pqos&s 524 extend upwar dl'y —
fromthe base menber 518. These posts 524 are spaced ach
other both | engthwi se andhe flexipdeeridkryitikvhff and Ebﬂnéerbng5oo and

further flank pBRLARS 53bﬁﬁ@cﬂeEﬁ?boﬁ@”EEaEOBBéEEQEStézgeEQnEVvaﬂﬁcéit
prel oad, or 0 the card-e enent assenbly cradle
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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.

10 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.,

15 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

20 embodiment 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 C of the card-receiving slot 80.

25 As shown in FIGS. 2 & 6, the retaining springs
78 are }eceived 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 ehgages the connector end portions 40

30 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

35 the spring member leg portions 55 together in contact
generally adjacent the bottom of the card-receiving slot
80.
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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 F, 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'tc 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-
eﬁgagement 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
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, -
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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
10 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
15 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,
20 103, each of which is intended to receive either two
separate circuit cards or the circuit card 104 having two
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
25 connector 20 except that it includes an intermediate
housing.portion 110 having two card-receiving recesses
112 formed on opposing sides 114, 115 thexreof. The
opposing sides 114, 115 also include fulcrum support
openings and retaining spring openings to support the
30 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
35 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



sidewal | s 535 and may also be slightly laterally. Ty
wWth respect to the sidewalls 535 in 25 order to appl EUe e
or outwardly directed bi asing force against the cradle sprlng 53Q.

I n ot her wor ds, the distance betmei t he exterior ~urﬂ5baUNdﬁﬂi

pair of laterally aligned posts 524 is skH=ghtly greater than t he
hori zontal w {4 r|n slots 632. 30 *ﬁf“palr of
contact spri ng"srhg'g%t J}Teeendﬁfjeng Wi s%; al ong the drad )

and include, as best illustrated in FIGS. 16 & 21, a plurallty “of
openi ngs 552 t hatr&li6Rd AP U W1 .algong Seay O Yte3ohed the
contact springs 550 and which  are spaced apart 1n a 35 siml ar spacing
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ends 536 and té¥%dle spring 204. The cradle spring 204 has a generally
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
10 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

15 assembly 200. These retention lugs 213, as shown best in
FIG. 9, are received within a series of openings 214
located along the seat portions 216 of the spring members
202. These openings 214 are larger than the retention
lugs 213 g0 as to minimize any contact which may inhibit

20 the ability of the spring members 202 to move upon their

. 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 -

25 connectors of the present invention. 1In 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

30 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.



25 engagenent |ugs 538 ext.end through the openi nds B52a08H)
contact springs 550 nmay be considered as having in end )

general S-type shape (the |eftnost contact spring{550 in FIG 20
havi ng such an S-type shape and the 5 | ef t most cont act shf i

being a mrror inmage thereof) W th distinct contagt: |

and contact spring | egs 556 | ocate@on opposite s|.des of the S€
portions 554 thereof and extending | engthw se al on

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

5 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

10 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

15 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

20 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

25 Figures. 1In 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

30 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

35 opposite directions about their respective fulcrums F and
thereby brought into contact against the opposing
surfaces of the circuit card 330 as shown.
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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 supported 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
interveping 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
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
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connector slot 508 as shown in FIG 20 and at t he bottomfside edges—
of the connector along feet 519 of t he base nenber 518 efe gpe 997
contacts of the |ower 30 contact areas 566 are aligned and o derednp%
cont act pads 569 of the circuit board 513. -
connector 500 includes another nmeans for 22 prel oading the L
card- engagenent assenbly 502 shown illustrated in FLIG 16 as a pai o

of clips 570 #RiHHrR 8 pogicionadl af thilPakian Jefiweeryy thy soping
connect or end member R¥M i 8 BY pdesen£ 418, I e Weiewldy theshaped

and | nClcugr?neactchn n4eé: (§ 01r s hj?rllj Sait " ea(?&}?,aq'?oqxe—rgngsaeg% . %ta 7e?’, \Aglsi Csrhown
in FIG. 14, where a circuit card 422 has not yet been
5 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
10 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
15 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-
20 - 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 spring
leg portions 412 into the card-receiving slot 420,
causing the spring leg portions 412 to rotate outwardly
25 in the manner shown, which brings the spring member arm
- portioné 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
30 invention provides a cam-like contact mechanism as its
card-engagement assembly with a small number of
components in which the cam-like contact mechanism
utilizes simple spring concepts.
FIGS. 16-21 illustrate still another embodiment
35 of a circuit card connector 500 constructed in accordance
with the principles of the present invention. In this
embodiment, the connector card-engagement assembly 502
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26 engages the connector housing slots 572 and a iﬁﬁhﬁ“gm“""' “?‘]
prel oading spring arns 574 extending |ongitudinally d t E_”E"T_ .%
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prel oadi ng spring arns 574 may include engagenent heads 575 di'sp6sed
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500 includes two opposing end portions 504, each of which
has a vertical recess 506 disposed therein which receive
5 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.

10 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

15 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

20 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

25 considered as defining the lowermost extent 522 of the
card-reéeiving 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

30 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

35 maintain a predetermined separation between the free ends
of the cradle spring regardless of the tolerances to
which the cradle spring may be made.
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will, in effect, prel oad the contact springs 550 sq@ t

have a 15 tendency to nove in opposite directions abodt itheir
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whi ch tHRe contact sprin
. 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

10 surfaces which act as two fulcrums F for the card-
engaging assembly 502. These fulcrums F 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

15 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.

20 _ . 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

25 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
pair of laterally aligned posts 524 is slightly greater
than the horizontal width of the cradle spring slots 632.

30 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

35 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

|
|
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the spring leg portions 606 of the contact springs|i6 X }h
areas beneath the fulcrums F, be insulated to prevgnt ahy ﬁﬂ
conductivity from occurring between the spring legipdrtions_606

t he 35 circuit board 608. This nmay basacconplished by applying

an insulator or insulating |ayer 610 to the contact

portions 606 @ndddemsntatleys HES iexhdmt ithgrough the Openlngs 552. The

contact springs 550 may be considered as having in end
profile, a general S-type shape (the leftmost contact
spring 550 in FIG. 20 having such an S-type shape and the

5 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

10 508.

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

15 "rock" about the fulcrums F 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

20 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

25 connector 500, but which is not applied over the contacts
562 at'éwo 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

30 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

35 received within outer slots 572 of the connector end
portions 504. These clips 570 are generally C-shaped and
include a connector housing engagemeht section 573 which
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engages the connector housing slots 572 and—a patr—of- - e

- 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
preioading 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
fulcrums to bring the exposed contact areas 562 of the
flexible circuitry into contact with the contact pads of
the ciréuit 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. Howe#er, 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
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variety of materials. In this regard, " the contact springs and the
cradl e spring nay be fornmed fromalloys such as beryllium copper,
phosphor bronze and 5 stai nl ess steel which possess desirable spring
characteristics. The connector end portions and base may be

machi ned, cast or nolded frommaterials sddh as aluninun1 zi nc,
liquid crystal pol ymer. These are but exanpl es_of suita naterlals
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used for the yhich WUIASEHFNEY He PP YISt card insertion
Accordingly, ig wll be appreciated that the enbodi nents of the
present inventi9FSfi ch have been di scussed herein are nerely
illustrative of a few 15 applications of the principles of the
i nvention. Nunmer ous nodifications may be nmade by those skilled in
the art without departing fromthe true spirit and scop !
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of the invention. 29

1. An electrical connector for providing an el ectrical
i nt erconnection between a plurality of contacts on a primary circuit’
board and a plurality of contacts on a printed circuit card, the
circuit card 5 havi ng an edge which is insertable into and renovabl e

28

Connectors of the present invention may be
constructed form a variety of materials. 1In this regard,
the contact springs and the cradle spring may be formed
from alloys such as beryllium copper, phosphor bronze and

5 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

10 ‘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 which have been
discussed herein are merely illustrative of a few

15 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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froma card-receiving slot, said circuit card bei ng———generally planar
and having first and second circuit faces, each of said first and
second circuit faces having a plurality of ci rH ,u mﬁ I, m
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contact nenbersl dct rdssciisited connectienobetaiednf al plumality of and the

other of said co nenher | at.ed,wi f sai d
ful cruns, eac ﬁoﬁ%as% % Corit g%tlmfraer%%?.?c%.% b\l‘xg;"‘t;)ﬂJa and 1ﬁ§a§.&%§{)r ted on
its associ at ed:ontagrusmomr mlnt%mmltb@@néent ier glrmts%

posi tions andpaghdlan edge w?ﬁ.'diil GNidde rFRFIY St R HeRRFad1@ | over

portions; lat, flexible C|rCU|tr exten Ien t hw se
from a card- rece1v1ng slot, said cir 1t ca.% g% g

generally planar and having first and second circuit
faces, each of said first and second circuit faces having
a plurality of circuit ¢ard contacts disposed thereon,
10 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
15 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 supported on its associated fulcrum for
20 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
25 circuitry having a first plurality of contacts for
electriéally 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;
30 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
35 inserted into the slot, the lower portions adapted to be
moved about their respective fulcrums away from the
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al ong sai d connector and supported on said contact —~4n¥ﬂKHjL£HL_‘T~;“
opposite sides of said center line, said 25 circuitry having a firs
plurality of contacts for electrically int erconnecﬂlmwmlﬂ ' :
plurality of contacts on said primary circuit boar'dJs i luﬂ"l”""
s¥ids «

plurality of contacts for electrically interconnecting to
plurality of contacts on said printed ci kit card; 30 sai d
upper portions_of, saif, contact, nenpers, carryi sai d seco
plurality of cBHtEEt s,lré?mog EndEESE %in reSRUEE | e epé‘ir ‘?%Iﬁ‘gl%? i d
contact nenbershe circubeicardiandchovwppet porinns heing gloverd albaut f or
engagement wi thyllp LLEGLLLI AT uPSINE CEH kA Siicu card IdP e
into the slot,@?%e !d%é? go?t?pns adapted to be nnvéﬁm%bout their
respective. ful @ixesitvegrd b imgerted, said second plurality of
REPLACEMENT SHEéltacts 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

10 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

15 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

20 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.

25 3. An electrical connector in accordance with
claim 2" further comprising a connector base extending
1engthwiée between said connector housing end portions in
proximity to the level of said lower surfaces of said
connector housing end portions.

30
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
35 extent between said connector housing end portions.

v a———
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30 center line of the slot in response to the LﬂSEf%an_QL‘“___H“__

the circuit card and the upper portions being noved abou their
respective fulcrums toward the circuit card as the : ,H ﬂmU"m :
i nserted, said second plurality of 5 contacts maki nQg« A l”ﬂe
el ectrical contacts of the circuit fard when the circuit cdrdSsis+
fully inserted into the slot. 21
5. 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,
5 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

10 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
15 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
20 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.

25
" 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
30 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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2. An electrical connector in accordance with 10

: d
connector further conprises two opposi ng housing end portj aid
connect or housi ng end ~ portions including re_specm“ﬂ\w ﬁﬁﬂmﬂt
surfaces for posi tioning said connector housinglid X *

adj acent said primary circuit board, said connector housing end 15

portions further including respective u surfaces spaced apart -

fromsaid | ower support rfaces, -each .of ai_d .connect housi ng end
portions further includi % a An eleecc x?’tcLﬁ]t CIETE i r?‘g‘:cro gc{easnsf’edi sposed
in said upper with claimfQodwendior e icehgagemeadithgrenibidrisn agw d connect or

20 housi ng Goge RO 1y ORSeH A& ARSI GiRth AR i Y contacti fouit

card-recei ving recesses generally ali"gne n an opposin
rel ati onshi p dMIRRLES | BrgtudrliFrneradly §f-shaped sd@t® .cHnickiTnshape

5 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
10 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 |
15 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.

20 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

25 gsecond 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 card,
and are thereby moved apart from each other, thereby
moving said arm portions of said contact members and said

30 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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25 3. An electrical connector in accordance with

claim2' further conprising a connector base extending | engt hwi se

bet ween sai d connector housing end portions in pro
| evel of said |ower surfaces of said connect or hougl mn H IHHH.
30 4. An electrical connector in accordancet wth" s

claim3 wherein said ful cruns generally e¥dend the | engt h of the
contact nmenbers and said ;Oﬂnﬁétoi ﬁse i hcl udes nmeans. for
h tH2iT-Fe

supporting said ful crumst %pﬁ%eCtore&?e%?c?ﬁg%@%% %%F%

connect or houschgiend3 pghéirens. when sald contact members are in said
first operative position, said contact member leg
portions are spaced apart a distance less than the
5 thickness of said circuit card to be inserted into said
circuit éard-receiving gslot, and further comprising means
for biasing said contact members when said connector is
in said first operative position.

10 15. An electrical connector in accordance with
claim 14 wherein said contact wember 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

15 portions to bias them inwardly into said circuit card-
receiving slot when said contact members are in said
first operative position.




31 5. An el ectrical. connector. in accordance with
claim1 further conprising a cradle spring extending | engt hwi se
bet ween sai d connector housing end portions, the cradl e spring
havi ng two spaced apart free ends, 5 defining said ful cruns.
6. An electrical connector in accordance wth claim5 further
conpri sing a connector base extending ==  petween connector housing end
portions and wherein said 10 cradl e spring has a general C-shape, said
connector bas CT

CIRCUIT CARD CONNECTOR UTILIZING FLEXIBLE FILM CIRCUITRY

A circuit card connector (20) utilizes flexible
circuitry (64) and a card-engagement assembly (50) which
5 applies a normal force to the contact pads (34) of the
circuit card (30). The connector includes two opposing
connector end portions (40) and a card-engagement
assembly (50) extending therebetween, the card-engagement
assembly (50) including two opposing spring members (53)

10 which are seated upon a pair of fulcrums. The spring
members (53) are spaced apart from each other on opposite
sides of a centerline of a card-receiving slot (80) of
the connector (20) . The spring members (53) have lower
leg portions (55) and upper contact arm portions (57).

15 The leg portions (55) of the spring members (153) project
into the card-receiving slot (80) such that an insertion
edge (36) of the circuit card (30) will impinge thereupon
and cause them to spread apart, which in turn, will cause
the contact arm portions (57) of the spring members (53)

20 to rotate around their associated fulcrums so that the
contact arm portions (57) will contact and exert a normal
force upon contact pads.(34) located on opposing sides of
the circuit card (30) near the circuit card insertion
edge (36) .

25 FIG. 1
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havi ng neans for supporting said cradle spring inits | engt hwi se

extent in said connector. 7. An electrical connector in

accordance with 15 claim6 further conprising nmeans for applying a

pr el oad to said cradle spring to maintain said cradle spring free

ends spaced apart from each. ot her. 8. An electrical
~connector in accordance with 20 cldim7 wherein said cradle spring

i ncludes a plurality of transverse slots, and wherein said cradle

spring prel oadi ng means includes a plurality of posts extending

from said connector base into said cradle spring slots and agai nst

said cradle spring. 25




9. An electrical connector in accordance with claim5 wherein said
cradle spring conprises a plurality of engagenent nenbers di sposed

| engt hwi se and sai d contact nenbers include a plurality of openings
whi ch 30 receive said cradle spring engagenent nenbers therein

said cradle spring engagenent nenbers retaining said contact nenbers
I n place upon said ful cruns. 2 32
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. An electrical connector in accordance with claim9 wherein said

engagenent nenbers are generally T-shaped and said openings in said
cont act menbers include generally.T-shaped slots, said T-shaped 5
slots being slightly larger than said T-shaped engagenent menbers.
11. An electrical connector in accordance with claim9 wherein said
engagenent nenbers extend inwardly 18 fromsaid cradle spring free ends
toward said circuit card-receiving slot. 12. An
el ectrical connector in accordance with claim1l1l wherein said contact
menbers conprise seat 15 portions for engagi ng the associated ful cruns,
said '

f 1/ JUN 997
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contact nenbers further conprising distinct leg and arm ‘portions

whi ch extend away fromthe seat portions on ~opposite sides of the
seat portion. 20 13. An electrical connector in accordance
W th claim12 wherein, in a first operative position said

circuit card-receiving slot has no circuit card inserted t herein and
said | eg portions of said contact nenbets extend into said circuit
card-receiving slot, and in a 25 second operative position, a circuit
card is inserted in said circuit card-receiving slot, said |leg
portions of said contact nenbers are contacted by said circuit card,
and are thereby noved apart from each other, thereby Byving said arm

portions of said contact nenbers and said 30 i Ltry
supported thereon about said ful cruns '
card-receiving slot and into
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engagenent with said circuit card contacts.
14. An electrical connector in accordance with

claim 13 wherein when said contact nenbers are in said first
operative position, said contact nenber |eg portions are spaced apart
. a distance less than the 5 t hi ckness of said circuit card to be

inserted into said 5
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circuit card-receiving slot, and further conprising neang GBS
sai d contact nenbers when said connector is in sai ¢ REPIACEMENT RHEEE
posi tion. 10 15. An electrical connectof i _

W th cl aim 14 wherein said contact nenber biasing e nsy U 7
conprises a pair of spring retainers supported in ¢onnec d%'%ga%inP
end portions, said spring retainers 6 extending intofe '
said contact nenber |leg 15 portions to bias theminwafddly into said
circuit card- receiving slot when said contact nenbers are Tm sartd

first operative position.

FIG.14
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