; e3e77Dd@6T LAM NATED SPRI NG STRUCTURE AND FLEXI BLE ClI RCUI TRY CONNECTOR
| NCORPORATI NG SAME Background of the Inverftidn 1 8 MAR 2002 5 The 1 Bri¢sReann;
invention rel ates generally to edge card connectors, and nore particularly

to con'mmmmmﬁm "m’m utilize fI exible circuitry as t he connect tacts and
whi ch oved card engagenent means. Connectors are W I n
the art whiobed10 provide a connew a primary circuit # '
~ a secondary circuit board and referred to in the "émwd,.as" @dge
card connectors. TtL oRNe &ElsNéyQJ %@H‘ ﬁnJ%HdFLﬁﬁ p ul ati ve housing
having a slot extendifgy eg ng %Rﬁ %ﬁl\f@ JIE@E recei ves an 15

edge of the secondaly CITcC cara anG a pturarrty of _contacts on opposing
sides of the slot. The cont acts of these connectors may be individual
contacts that are stanped and fornmed, or they may be forned on a resilient
conti NUOUB;8kkabURKY b ke ToR@efidd exible filmor 20 flexible printed
circuitry Z"FEC"} With the use of FFC very smal | pitches, i.e., the
contact to contact 3‘ aci ng of _ahout n%Sabe obt ai ne Wien EFC i s

i ncorporated in edgée €aPd é”ﬁ’ﬁ’r'fe&t"d’reé"tls‘lfb G %D SE IO Y n~ 2. 9Pat ent
No. 25 3, 63#d70dnnestiedsQckoldema® gt ard 1S tPatemteNoor s, d2at 533

| ssued Janpa 27 ; FC.e over_ the .conn r ecei vi ng
sl ot so tHgf‘E‘é Ci }E%uf{?'%&e %%rlzculﬁ:lx}} ﬁasnscejsrthe 99 I{(;ecan c?‘l&ltg‘gcgg %r‘%m t he
connect orwkioh hgvnee@edeKQV@eismarwbcEngagﬂJMM@Ip@tent 30 application,
Serial No. 08635 048nridreftsbid vehy 1880 of "L Ck gy Connect or

Utilizing Flexible Film Grcuitry" assigned to the assignee of the present
i nk&nt i onPraRidgge ENFeCHHIECRFLHAST i iR XY Hakr qUEF reeR¥dcard- engagi ng

ans thag pekbbhaasyelargatied bodrd dRR 20 2ommonly referred to in
the art as edge card connectors. These connectors

typically include an insulative housing having a slot
extending lengthwise within the housing that receives an

15 edge of the secondary circuit card and a plurality of
contacts on opposing sides of the slot. The contacts of
these connectors may be individual contacts that are
stamped and formed, or they may be formed on a resilient
continuous stratum, in the form of flexible film or

20 flexible printed circuitry ("FFC"). With the use of FFC,
very small pitches, i.e., the contact to contact spacing
of about 0.3mm may be obtained.

| When FFC is incorporated in edge card
connectors, such as those shown in U.S. Patent No.

25 3,614,707 issued October 19, 1971 and U.S. Patent No.
5,427,533 issued January 27, 1995, the FFC extends over
the connector card-receiving slot so that a circuit card
may be inserted into and withdrawn from the connector
slot as needed. As described in copending patent

30 application, Serial No. 08/635,049, filed April 17, 1996
for "Circuit Card Connector Utilizing Flexible Film
Circuitxyy" assigned to the assignee of the present
invention, an edge card connector utilizing FFC has a

circuit card-engaging means that utilizes elongated



2 spring nmenbers that extend the I ength of the connector. These spring
nmenbers are used to apply a contact force between the conductive qrgamms?fqu
the FFC and the contact traces forned on the circuit card that oppose the
FFC. 5 Although reliable, it has been discovered that this style of
connector construction has sone di sadwantages, particularly in obtaining
substantial conpliance with the circuit card contact traces. Due to the

fact thatSRRENQAPETEEFar CERFI RELRBADENS PRI IR RRIETHE | ength 10
of the Cgﬂ@@§é?épriﬁgiﬁeﬂbé%bfuké E@Eﬁth@ ﬁﬁﬁﬂﬁld"ﬁﬁﬁﬁéﬁﬁfféﬁ@éF a uniform
contact force for e entire.length of t ir C en_variations in
Che thi cRTESEett TRE CPPEHFELYE! § TeRs OF AHS G- (b g crattachi o

conpl i anceracedl Eoymadr esi thentikayet swcil ahats dipaesarhdeFCn U. S

Patent No. 5,5 [ . ril, 9, 1997 and. 'gn&%it e i gnee of
the§pr esent in‘%%k?lggﬁl,l %%;E%gégppﬁ'iteg?tjso%teﬁgl ?ﬁ%‘lscﬁdg e e&%@ﬁﬁgéextra

| ayer i ncs$endescf heonpaprexi cpnatdusssorohasmmeme tdirsadifarir¥e@onnect or s.

20 Accor di 6k You 2202601 h0bbB aFEnGORIRRk A Midih ddi ARRd: CpIRL | aRce

characteristics exists. Suchaa connector_is not present or suggested by the
prior artSifeihbr§268 EABLRATeREREFSThe PiCedchtt it dnhdver®nes t hese
~5 di sadvsategeslly ppevhei memdersamratcemit isiydes Wveaprig Béfigehure in

ich the ring structure includes pluraljt f discrete spring el enents
\ggsognbl ed® g f@?%@\?@ﬁeF%OFOr r"ntal§pgilr%lp§“ﬂlfct e ttq'heatSpeS&ré%dge'F%%rgengt h of
t he connewd cexernt dar enéfvirmgcshobctBf 3@eutfidn Zilvg eyepiarat kesprhngt
el ement S1tﬁé‘ec§%§g§€98 Eanﬁgeglo@%lr'i%'lq%ng ngk%lvi d S IVALLO0E becayse each

spring el enent ependent pplTées an 1n ual contact force agai nst
't He FFC t®Wafditheas@pesSrug -corfacrsiedt & daunhiarad chhserted into the

connect Oreo@Pl i An88eppbblehPak 2eReAl 2t IR d¥ At as 118 MAR 2D02 .3 .

i nvention_and ag exenpl.ified by the preferred enbodi nent of the invention,
a spring SEFEELREE B Provi f8Gerfalid nA odey £ WEIYEY BT+ hdPvi dual
Spring nmendevsandraspipngbets, thkataseditpe lehgihwimeeodnt he connector. 5
These sprioLel$g00RELAbLYELYISURPYY (i enls Of fEELor thep|gnath of the
spring structure oh opposrte~sides of a Ci r.é)w ard-recei vi ng-slot of the
connect orexEag hlayerhanspepagisetde wompdiaxni &y @id @¥ssppfng arm portions

t hat are spacedcapRaLt ofr a-eaeholheoto define an 10 intervening slot for
each springl et thate;‘:gﬁg}siﬁgart of the card-receiving slot of the connector.

Each spring arm por gpdndéntiiF%e @ o ifff STTIECTEht %etiforce on a
circuit chicréansedt edmpliantcke chanaetiedri staral eneisigsg stwth dhe use of

multiple, discrete springlets 15 reduces |oss of caontact bet t he FFC
and the cf r%ﬁg?géﬁrﬁgcgﬁgagf tsreg(t::eéjrv\/nsglrggﬁsftceucftb%at';hdeat ?%ﬁﬁ\g%gEVari ations
occur .

Summary of the Invention
The present invention overcomes these

( 55 disadvantages by providing a "laminated" style of spring
structure in which the spring structure includes a
plurality of discrete spring elements assembled
lengthwise to form a spring structure that extends the
length of the connector card-receiving slot. By

30 utilizing separate spring elements, the aforementioned
compliance problem is overcome because each spring
element independently applies an individual contact force
against the FFC toward the opposing contacts of a circuit
card inserted into the connector.

35 In one principal aspect of the present



I n anot her principal aspect of the present invention, the springlets are
formed with a particular 20 configuration that together cooperati vie§ MAR 200
provide a |l owi nsertion force connector. In this instance, the two spring
arm portions extend froma base portion of each springlet. Each spring arm
portion includes distinct upper and | @wer |obes. The spring arm portions
are 25 interconnected.to their respective springlet base portions by ways
of “two beHRESTORE L8k 85t BROTRY LBACTREN (HE BASE P G THher | obe,
whi l e t heoDttiee bruenexbends bptiegnsthechase per toravisded uppEer | obe. The
| ower | ob f e_Spr| rti.Qns,. pPQsy. L h springl et
to projec?ﬁ?%%%égh% @gpgg%?%?]gg %hﬁéééﬁ?%éng%?hjgﬂggﬂ%%§%9|0 es. A card

i nserted sPronghetear Ghskoexiepd Lrugtémgage athd sprdargiestaportion | over
| obes andrgaysesbhenyt @t BB oBUL YRR Gy Wi g&gtp%qétér&st hee st gdhereby

an

causing the sgrlng arm portions to pivot 3 nove the upper | obes
t hereof iW\&r4899Fht 8L cERLaSPTWMEh SERNCETRCAas BPAHE TiFidRY <ard. 18

MAR 2002 4iteusti thranethetivphignelpal ofspeet c@nrdiedqyf esaych nyention and
as exenplified by ago&her egbgdinent a_zero-insertion force connector is
PHecc8 5+

provi ded W&r2PH nABE PHc PuBBd *a R fa PFAT A AR XS ¢ hat

sel ecti vetjyanozes shecsfdr apgrar irpor eachs cafhetrhe s pia fnigleetasn i Nt o respecti ve

0 and Eﬁt?éﬁx‘?eﬂ?ﬁ%f L9as- fé? %Q%he%%%gﬁ%tth%%%@%%s [ﬁ%\"xeém& of the
actuati ng nmechani s In one direction“noves the spring ar portions
out war dl ythet ean@d-opeaipdsst séatf of &gy com@atiasn ofEarf Grakrlinto t he

connect or 3 Al oSt 9bn WAkkpeABUERBY ol rithe A URIIdIE RGBS EdA-anot her
direction permts th ren arn1port|onsé%%bnove |nmarq%é?%pto a cl osed

{ts the s
pdsi ti on e?ec%ﬁguébngﬁda REEEEELonSten OGRS i nserted
t herein. #écéfivyny abother Thei neepalf aspediplef, thiesqreasenprinvedton, the
sprd ngl et re as I t oget her . by ane qr retainer nenbers that
egiénd th?%%%ﬁe?hggggrgngfgg% ggebﬁé??%@h%begﬁg&b§g5§ﬁbf%f%ﬁ%c%ﬁ% assenbl ed
t oget her @hr# spatart tmagmsi whenl eaved iftastdingh thctkntdss 20 t he spacers
separ at e @qgi- oL pi RAsSBELRY . ets. The retainer nenbers hold the springlets
together in a conpressive fashion, while the spacers space the springlets
apart from each ot héR 3B°tR&r PRéNFCEPEdt BSRITr & thhft HATRRE he springl ets

toget her deeentobni ntaef epeingtibtrisharearfdrifeERgati Y gaepesiiss of the
springl ets. The spacers ake the formof separate elenents of very
Hlte ¢ hrCRAESUTBE LRRy CPRY SRS hoE SECRT A (S SHE B DK™ opposi ng
surfaces bfiseheiepr Engket cbasecport.i oA tBy o dmetenee sprhiengcweructure from
a plurality, 30508 ingbytdual SRERS hemER Hakllb.SPIdh %Ll enent applies a
di screte, %nd ?ndepeg ent contact %brce t hr ough ﬁﬂé FFC and agal nst the
circuit cEPBINELER- coRRSEt SPEREE A& POYEHTE dardddns s sthirerental force
appl i ed ahgperaaniinteeseniabeext emheolspilieCairth Yot idmks tdte manner, 35 if
\&iﬁallonsnare greseﬁt in t?% thlcknes% o%_the ergyuglgard, t hese
v at | ons"EPECEBREERSS: B 8P CRIRSEe Ve Springlec base
portions by ways of two beams, one beam extending between
the base portion and lower lobe, while the other beam
extends between the base portion and upper lobe. The
lower lobes of the spring arm portions are positioned on
30 each springlet to project into the card slot at a level
beneath the upper lobes. A card inserted into the card
slot will thus engage the spring arm portion lower lobes
and cause them to move outwardly with respect to the
slot, thereby causing the spring arm portionsg to pivot
35 and move the upper lobes thereof inwardly into contact

with the contacts on the circuit card.



1 8 MAR 2002 5 extent of each increnental extent of the FFC that is
supported by an individual spring elenment to thereby substantially r LG8 2007
i neffective or no contact fromoccurring between the FFC and the circuit
card contacts. S These and ot her objects, features and advantages of the
present invention will be clearly undéerstood through a consideration of the

follow ng detail ed ggzggée';lih%pﬁoghe% % ? éoaqz Eﬁgé@f ?ecs&él ption of the

Drawi ngs In the cour ow ng crlplon of the detailed
descri ptipnesenteibrmention ahd msdexeoplid imd dohethalra® ngs wherein i ke

ref er encecREBLALALS hOSRLLLY ke 1RAY Al dheI&i sy FIS pilov fad

perspect| ve view of a prior art circuit card connector circuit card
that exenplP¥eéB the FPengcsPrudd@cdvdeashan AR Wit B itRERARLI$H which the

present ifngat semeatmdéllyt meheat @sle tstpﬂllrig/,arlqo &1c2ns Sofn:gxpl oded
per spective vie t he connector, of FIG is an e Iodeﬂ
perspectl%Br%FE#BF ARGPNEFSPECSE Var Ppﬁneﬂriﬂ éﬂf‘??erﬁl c??%htr:t?'gs tonnect or ;

FIG 4 isthepenbpéitievie deewrdbed,Cimosdintertaraf theamecdtoingd th a

| am nat ed Ln tructure nstr.uct in co c i nci pl es of
t he pr esen%gilzln{/lgﬁ i%ﬁ OEFGd%%elctst E-u é‘%ﬁ’lec?dggj % r?%y\éé%v‘poégf%g&sl%ri ng
struct ur ecandaridy assochat epecompesridriton dfoxn tﬁeezslcmmmmomfox‘:l & 4,FIG6

5@ expl@&'@& Yhew ehea cﬁmgaégfr %%rr'cf‘%ell&fmmﬁl}@%%rﬁ@@t SPEifgestructure

of FIG 5 FIG 7 1s an ex vi ew of an_alternatearrangenent ofspring
el ement s EF%FuEEéHEanC@ﬁPPﬁ@ZBﬂ BRGEtihes sdjcrr%stﬂt%tp%m%ﬁu%hﬂ G 5 FIGS8

I's a persggelhyea¥mewoet iafsalle mtatee airtidBntini & a:omegé@r construct ed
i n accordance W tht he pri §C| %I esof the present invention

zer o- i nseP?T ohiPBr ¥BSERar PTG STTHEE o 7 LRLWT o%aﬁ:lW‘éW‘of t he

connect orcat@l nsdrtkedusteatiimg the spring el ements of the springstructure

at.arest position \Mﬂ,lh Q Gl ré%l gc %%rltql%%%ﬁ ok r&%@t@@ ,&Qémlgg%géngard sl ot;

FIG 10 is the same View Ing acirc card
i nserted %ﬂY@nﬁh@n@oﬁﬁécﬁ@ﬁc}é}EdeﬁSotare assembled together by one

or more retainer members that extend through the
springlet base portions. The base portions are assembled
together with spacers in an interleaved fashion such that
20 the spacers separate adjoining springlets. The retainer
members hold the springlets together in a compressive
fashion, while the spacers space the springlets apart
from each other so that the retention force that holds
the springlets together does not interfere with the card-
25 engaging properties of the springlets. The spacers may
take the form of separate elements of very minute
thickness or may includes a plating applied to one or
both opposing surfaces of the springlet base portions.
By forming a spring structure from a plurality
30 of individual spring elements, each spring element
applies a discrete, and independent contact force through
the FFC and against the circuit card. Each contact force
may be considered as an incremental force applied along
an incremental extent of the card slot. In this manner,
35 if variations are present in the thickness of the circuit

card, these variations are compensated for within the



18 MAR 2002 7 FIG 11 is a sectional view of the connector of FIG 8
illustrating the spring elenents of the spring structure biased i qtﬂ)Mﬁi?Zl]l
open position by the actuating nmenber and without a circuit card inser e(q
into the 5 connector card slot; FIG 12 is the same view as FIG 11, but
illTustrating a circuit card inserted ifito the connector card slot and the
actuating nber ved. to _a cardengagenent pasition,_ 10 FIG .13 is a

di agr ammatcSHe oFaﬁhcilP&‘fane@&Fg %}{{%r’tthiociﬁ&esrk}:a&i%ﬁ%njss and a

cont i nuousupporngdneyben appliyidgad centiagt olement hey edgataisy; FIG 14 is
a di agra%&&ﬁa&%’ﬁ& ?eﬁh'&%u'i%xe%%re%tvf\;eh D GKNeSS yal i alhons and a

| am nat ed” Spring Structure of the present invention applylng contact

f orces t hereuyaingt beEweenlshies Fiflfe ag@hrdhd edg el Gau@ conta@ish t he
cirguit card renpvegpbamitpe ¢akd- recIMNg Al ntirdd Gndb is another
enbodi nent _of the present 20 invention illustrating the use of the spring
struct ur e2f¥2Bt egRfefLoF PRI PH e eNitgRVATH ©TbrYight gfer oneFrly 17 is a
perspect i yga¥ewoetl angbheh anbedisTRRirafich dubliee beyl xopnegtor built in
accordanc(g Wi ”i\; tc\ﬁ principles of the present invention; and, 25 FIG 18 is
a per specttvRIVFAWISFSEIBERGF -‘connect or il lustrating two al ternate

enbodi nents of a spring structure constructed in accordance with the

princi ples of the present invention. 1 8 MAR 2002 s Detail ed Description
of the Preferred Enbodinents FIG 1 illustrates a prior art card connector,
generally indicated at 20, constructed in accordance with the principles of
the present invention. This connector 5 and its constructions are descri bed
in U S Patent Application Serial No. 08/635,049, filed April 17, 1996 for
"Circuit Card Connector Utilizing Flexible FilmCrcuitry” and which is
assigned to the assignee of the present invention.



10 The connector 20 illustrates the type and style of circuit card §MAR 2002
connectors to which the present invention is directed. The connector 20 is
nounted to a primary printed circuit board 22 having a plurality of
different circuits 24 disposed thereon leading to a plurality of 15
associ ated contact pads, or traces 26,61 ocated on a nounting surface 28 of

t he MIwnﬁngPaﬁgsggE Iggncggneggobraglhgslntended to provide a connection
bet we y circuit card 30 having a
substrate 32 and a phukhei cpuste20fcoheadio ldaus r@y del s qmiaet den hofan

I nserti O“tr?@'g&eééﬂédt BSsE!rE%HELBnca d30enlhe \«E.'lrlc‘i':!é ol 30 hgs its

contact pads 34 di sposed h sides thereof, typically arranged in an
array of e%aelaeﬁmﬂéawesﬁnwberem 35 ker swifesiesasy TRE Tas®r t i on edge 36.

These conf@&ht PEYS12Re3BabBY, ahll desikes,. be electrically connected in ways
wel |l known in the art to_provide redundant contact_surfaces in order to

enhance the reliabifify 6f1Fh8 PRFERFC XS VOSTthé&h & Rorffec®Ton. Turni ng
now to Fl&r@uittcaad benﬁeenothahdth&ﬁ&&uunuuxd(nhéﬂ)éxémpﬂiﬁnséng, or
body 38, fhat éigngfg nggplgl $g.@ gg‘éh'ocfh neral .y, incl ECShtV\QeOIOIOOSi ng
end portlons pré er Sly Whi-ch &85 §rms oM an el ec rlcal?y
|nsulat|veraa¢et|anvesuchna§1ad§|aetgweathegeummiqﬁyx|ons 40 serve to

def4 ne the overall t i i as well as
théﬁlongltudlnal ex%gﬁg gf§§ %ﬁr%3?%%?§?§%%§25%8¥%§Q;p§§“€89§ Pﬂe MAR 2002

9 of the ¢orpeeEdr 20. FIR-t hi's regard, the end portions 40, each i nclude a

recess 42 fornmed thereing whai gh ex @a@degygﬁgaaiJga¢ggwwo§urfaces 43
t hereof to a ﬁredeternlned iq These recesses 42 conmuni cate

(gﬁpt h, .(FLG Zﬁ)

wi'th the PRCEPFHr PrdBposF g T EX&EEs T ™ e *&M (Wof (STHEDPRhd may i ncl ude
in proximty to theFugper sgrbapexs@&cmhemewhevraﬂbeﬂ eirdudnscdsd t hat

provi de | r Sl re of the 10
C|€%U|t 6§§§n§§t§% %@% e cgﬁﬁéﬁgng %%%ﬁﬁgkéﬁgﬁﬁa; %ﬁg f?%%%gh t he
housi ng shewacFsrdanrRedibh the twinsiades a:pfarttheemqﬁﬁrm ons 40 and the
connectorlgeégtgénas illustrated in FIG 4, it wll be understood that the

term "connect or housi ng" as used herein Jis %#; |ven 5 its broadest
interpretation and, F§§ sdchs A8 FPdrded &t D rSBRY+48t ur es
t hat may @eyectonglbudlb&he&ldewadnamda(dbmpdnﬁntérufexﬁere | ength of the

C ect or I urfaces 47 of the end portions 40 20 are adapted
tgﬂglt on” %%%eggggugﬁegogrd éurface 28 and may be provided, as illustrated

in FIG 2) w th nouREFngél dgs aopxpdstedyicthetonrmeumidr ehdspoitgons 40

are prefegpbhynaki goed hanghwisse i3l0ng & dQngl tddifad axis of the
connector 20 so that their respéctive recesses 42 25 confront each other

and preferably so tRaP-t Hey}SaPd FEPICSSIISY g it FSaFEh respect to
a Center|afIEaﬂ{;eihéﬁtCafdspmﬁgveﬂ@mlrmts Fdrofuddeicnngst Dig 20.  The

C ector 4Q n nly defi.ne osi ng ends of the connector
CS?QUIt 3y g?gge e éh gs %%a% shown 1% é%H)S%

FIG. 8 is a perspective view of an alternate
embodiment of a connector constructed in accordance with
the principles of the present invention, with zero-
insertion force characteristics;

30 FIG. 9 is a sectional view of the connector of
FIG. 4 illustrating the spring elements of the spring
structure at a rest position with no circuit card
inserted into the connector card slot;

FIG. 10 is the same view as FIG. 9, but,

35 illustrating a circuit card inserted into the connector

card slot;



30 slot 80 by way of their respective recesses 42, but they al so support a
circuit card-engagenent assenbly 50 therebetween. The conponents \ml‘ﬁlm THke
up this circuit card-engagenent assenbly 50 are best illustrated in FIG 2.
The connector circuit card-engagenent assenbly 50 35 includes an extent of
flexible filmor flexible printed cirquitry (collectively, "FFC') 60, that

————an

has a plurality 18 MAR 2d02 5 10 1,615 %0 25 30_35 10 of conductive
traces, or contact< 66, fbrhed® tHerebrniaFh¥ieWt PAcEES SOTREGWTT Rt he art,
are arramged ien iSildedryra8i Tieg otlgker sppihy exilbhencir ofi thy 6@ramd have first

conducti v ortions 62 exposed in areas_flapking,th ard-recei ving slot 80
and secod ‘O Ve 37 L1one 63 SRFosRaSAr 8ppBY LA RES Eherol t hat
oppose t memmumtaml wirhace 28 ofcthe carduinsboaed 22toStadle f | exi bl e
ci gcui t”(:lo@x%etc%@xcaéal:}’d has,@. | am nated construction utilizing flexible

a [}

el ectrical contacts, or traces 66, forned fromconductive netal foils and
bonded to a flexi blRIGelketis celie¢ ySaReuVaewWvashise | dyer P8iich as a

pol yam dg 1flidBraAN Ut £rci oW @t byegl aygerbaamanche tubl llozed dchat overlies
the contacts  66. The connector end portions 40 n%g al so i nc] ude hol |l ow
cavi ti es B tirbd 39 t 1S raf oot 1Y r PEERS Tt RVEFe LS fe SGFHGsi ng end tabs
53 of a coreEmntasssieide;r 54. The connector base nmenber 54 extends

lﬁBgt hwi se bet vveenhl_Lﬂ:g c]gﬁmector end ggrt' ons_40 and pr %f.errcablty has a wi dth
slPght 1y greater tHan the’ ehdl Portroha A8t Sra¥r Ofo “provicde “support for
the flexidelm ciirtduitthicletesd vieizonorst end28, cespeaiuailsy spirimige ar ea of

the secongd gond L ME: horti a I further has a flat
central g%rtl on%ﬁ%@ %)Qﬁ?%ﬁt rrg?ggg ggﬁ%?g@?égégé defining the
| dwer nost ext ent ofF¥he Thris raceéiaghamapst cgyiewn odr delcittdWitpport t he

fl exi bl e G WitHeipesnds +hLi £00BASt Ahderd 1paiha@RA 4@ xRy i ncl ude

05 ni ngs 70 that SECF) ort 2H:Pair of . rails,71 theﬁrei.n. These rails 71 in turn
s Sport £FRTEBE S ongat RF SPPPhgl TERBEFST7 3PPRYE NS CEMF T the | ength of
t he card drmteBG:hetwspampst g nmenbers 72 have upper arnms 73 and | ower |egs
74. The flexible ClggMitiy g%,ﬁg%ggggglngx?gh%ﬁ{ el gendycti e Rertions 62

thereof, are supported on 't € thé l'ower spring legs 74
extend i mhe tHe sy eand seonovedefrPontbe chedoressiivvicwr ¢13¢/into the

card slot 80 of therf®NNEEtPE ZRot HBENERBOHBRABNLN®E the present
20 invention illustrating the use of the spring structure in
a connector with a right angle orientation;

FIG. 17 is a perspective view of another
embodiment of a double bay connector built in accordance
with the principles of the present invention; and,

25 FIG. 18 is a perspective view of another
connector illustrating two alternate embodiments of a
spring structure constructed in accordance with the

principles of the present invention.



18 MAR 2002 .. spring nenber |ower |egs 74 and causes the spring nenber
upper arnms 73 and the first conductive portions 62 of the FFC supqggﬁﬁg
thereon to pivot and thereby nove into contact with the edge card @mé
34 5 FIG 3 illustrates another connector 100 described in the aforesaid
' 049 patent application. This connectd 100 has two end portions 102 that
A _nenbe% 104 to \ KR e a hou5|ng or body,

' -omardly fromthe
base nmenber 104 andFaGe spadédlsaprarttesf raorpram anme:rartxbt@rhree@tcbm se and

| aterall VouhLbanathe aonaeelon 100 on.onnasid ¢l desyalougent ral gort i on

108 of th to prOV|de rel oa lasing, force to an
el ongat edtBPaBK&NSPPILAG o£0 the5 PHesea thderve e hol TR e @PREEEt8PHri ng 110

in §05't'QHdtQtgﬁth@tBu%tBb%%e%%@mdgﬂéﬁ%ﬁéﬁYﬂﬂCU‘éﬁﬂﬂﬁﬁghﬁhe free ends of
the cradl e ;EI’I ng 110 regardl ess of, the tol ezﬁaﬁ'njgee(i ich the cradle

spring 11BPRayCH 1Hﬁd§erTﬁé &PadI%8 /S i 21 dU§'|%9?§s 20

| engt h andoextrerdsuliengbi'd senbeicrean Uﬂnalwmmmxmmb poLlmons 102 and
i ncl udes E ?I urﬁllg, of. transverse slotsdl%th V{hCh are s ace ﬁgart from
each ot heF*FAYREY oAGR YGLTE 1§ PEHIBIET TR SIF T TS® frensi oned

to recei vprebenbaseveriben.posts 106. As seen in FIG 3, 25 t he cradle

TRE2 ofrom Lo termi nalE LATres And 118 e T T ande 118 T e oK Gpposi te

si des of afcearenitneast chanesthess o ML Bhd ke RYRSeRE dlm%@@i:wng sl ot

120. Thesegsf peeecends. 11&h'e”%'o‘:h‘i‘x%caco%er2'@%§fm§ﬂq@é@ag@n£5k5riﬁgﬁ y121 spaced
apart theregn that serve rin | ace al ong

R %P retain th%@%f gfers 1?
the cradl BYSpFPAgCIFSULI 98 NYugs 1YY EhP 1 HERrHHY y° §e¥1Fomthe
cradl e speipgustdenpal ki&siab@sesio tiHeate drhele ehigagec d he pmranglmnbas 122. 35
T posts_ of <Lhe gonne ase 4 ha nfjguration that
agg?l es a %rggge?erm' e @Q afp I\%g%%% out%/\g? %/gd{)#le%t ed bi asi ng
f orce agamnAshtihg §nada@es@ﬁ| of e chhecwsigr ibepnénders 122 extend

engt hwi se al ong t Nener adh@tRidnG ol L e sy SpaceEabast s openi ngs 124
t hat extend Iengthmﬁse al ong the crad sp rlaﬁ% in the sane spacing as

the cradl €°BBEFRdOBnESGHRER t|h?g§lf2:1ns§) hontd whe PRE sRnBFEERIRRY spri ng

rrerrbe(rjs ﬁairbﬁith@arﬁha ocnuadrlﬁglgsw lstgaéﬂléhwzchz rrﬁfl@r@agmalltygsflzlzz

ext end throu g er, o I ngs 124. These [l rs i

al havecgngﬁc eﬁg g Fgﬁ [ﬁyﬂb %b(ﬁ%ﬁ??&%o $ g? %gnggﬁs 12S and
| ower sprbmgCMégscaZd BlRat E%Eemiﬁqnuﬁrwanda3ﬂch@5thesc©©n9690r 100 at

di ffere”tPéégebﬁ H&%Fb?ehh%nc%ro%?%%dféé‘gﬁé% ﬂ20tyﬂi1§§f1?p“ ng menbers

122 support the fle 15 circultr IS applied to_the outer
sur f aces BFrﬁﬁgerﬂéra§pﬁFH&Yaﬂﬁ;QBESOQTEP¥¢é%+%¢én%FrEBW?r9 60 ext ends

down towapdokhfaeennectbe haserEmIereddst Iher eThidee sesntdceopddet i ve
pOﬁ%lOﬂS ?g thereo% gre alig %9 wi-t h .and e.contact traces 26
0

t
he circul'fY20* F&lﬁgghtlﬁb%%ﬁ%Eﬁ%F ylgfﬁﬁ?c%?gré?eﬁ?ygn clips 128
nay be rewellednmwnhin thecars] dics 29 ole tedwondaett contadtporti ons 102

and my i geludeedr on L3feiNRh @rhRatd e e nablys Lhesel eqm and engage
the spring ne
circult card-connector connection.

Turning now to FIG. 2, it can be seen that the
30 connector 20 has a housing, or body 38, that extends
lengthwise and which generally includes two opposing end
portions 40, preferably which are formed from an
electrically insulative material, such as a plastic.
These end portions 40 serve to define the overall length
35 of the connector 20 and its housing as well as the

longitudinal extent of a circuit card-receiving slot 80



25 It has been discovered, that in using the prior art connectors 20 & 100
that during insertion and withdrawal of the circuit card 30 intd8tMR 2007
connector that variation in the thickness T of the circuit card 30 nay
detrinmentally affect the engagenment by way of gaps G that 30 may occur
between the circuit card contacts 34 agnd the FFC first conductive portions
62. This q§tr|nental conta?B occur as a natter ?f coqpllaqge bet ween the

connect or Sprinhg WE%%YS of "t he P a ore al’ll:-tdi OI']G(? connepcc% ors. sl'he Spl’l ng

menbers 40t hesehconnéeders zade85 HR dolreedprtiherednt, o'drnrreltt ors are
el ongat ed,,SpL4 §9 mefi§?rtﬁh@f1§ ggeai -0k fLRe L0k g d Hfgthe 10 MAR

2002 13 connector card se these spring nenbers are conti nuous
al ong the@redpte¥vinedgdhptine $PElng2menbers are not able to conpensate

forg variations in tfﬁegglggegggeg ab E@%M@ﬂﬂ@&t@ Galtdh 3he 5 This problemis
illustrated diagranmmatically in FIG_ 13, wherein it can be seenthat t he

t hi cknesslr’lt%’Fl?ﬁe %PPEEFP9c§P86§O4\5aPife§h§I GG R Y IG 0 it one
portion haw ngnaltdéecknepsokimibgt tios thieeatpiert mﬁaheemom nal thickness T.

Addi ti onal .l t circuit_ca have a mount of war page W
so t hat ial_th%l%e?\gt Eﬁ%?gtBP#bPBﬁa%%On é’ﬁﬁoédﬁ’ a?crés t her eof upon
whi ch themcafd¢escnntacthpadscaésase4§|tnaﬁewllmuataxﬁnurummé tlome- pi ece

Sprd Ng nqug 2 e, HS n c r Og to grip
tﬁeO| circuit %Lzlé §%§§ st Egt%oﬁggcgg?&r%tggoégra?ég%é e S rl%gnenbers 122
upon the &9t c%ltbgﬁﬁhSDh%boﬁéﬂnﬁe steMWPorid sledigachey &l ¥ the circuit

card. Thesﬁé)é@aﬂﬁbakbl ehae%ér&oﬁadmara@@%\é/ f&:\hrf&%&ﬁ bé‘sé’eﬂ/ dsght or
cont act Lron1occ rrlngI et ween the %grln nber s t he FFC 60 20

supportedﬂc %P e A ENEIE r fui tEc¥id r8£0qd AL pehSeen from
FIG 13, tdwh roohhecaveahbuadngi'niary useel ﬂimxfdﬁnessvmikaél@ﬂvé’d and in the

ar&a F Oflégebroa 89t %t%?%r% ra'tri n an%%r%slzszuc nd 1FsFC1n6t égdstl.éghtly
include connector structures that may have longitudinal
sidewalls which extend the entire length of the connector
20.
The lower surfaces 47 of the end portions 40

20 are adapted to sit on the circuit board surface 28 and
may be provided, as illustrated in FIG. 2, with mounting
lugs or posts 49. The connector end portions 40 are
preferably aligned lengthwise along a longitudinal axis
of the connector 20 so that their respective recesses 42

25 confront each other and preferably so that they are
maintained in registration with respect to a centerline
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

30 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 best illustrated in FIG.
2. The connector circuit card-engagement assembly 50

35 includes an extent of flexible film or flexible printed
circuitry (collectively, "FFC") 60, that has a plurality



away fromthe circuit card contacts 34. 25 Sone attenpts in the prior art
have been made to address this conpliance issue and have utilized{d MAR 1 Wby
el astonmeric layer to the spring nenbers 72, 122 underneath the area of the
FFC first conductive portions 62. This solution requires an additional

manuf acturing 30 and application stegosich increases the conplexity of

manuf acturjng and may affect the ultimate ¢ nnect or by
et easi i 1HPRBIGhTEet hRERSt 1P5 . SORUAFLR My SPFEE WO LR vi ng a
uni f or m |yese dirddes gl ast brewncinatéei akktandreharcamgledance side-

char act erﬂrﬁé {fe orady! 399&% OElﬁcQ%ch% e%o”‘égﬁtd he.calgylgted. The

pr esent I on provi dés a so |on to't emw t hout the use of an
addi t i onatondpt } eatpbuyeenand2r axnesedetis ﬁ@ﬁtalfﬁ & legdingsdihgion to the 5

sprg ng Stééﬁd%@c@Ivlﬁ? EPBEGQBOéndT%c%ﬁs%%dh%\é%% %xlttl'driszeh% a
mul tiple el ement "Tam nated” spring structure, that relies upon the

i ner errentea?Fp‘%“fp?(i1 Mt 22PPORIEE RAAS RHPEPPLe fhAkdopEREent i ma teiigrent s, or

"springl efgrtacgar @séft fBeChi et tCBbErdThe Sp@uragﬂ eliexi®lar e hel d toget her
for along a redeterm ned, Ieggth to de ine a rrentedHﬁ(pH%? structure

that f arfkst $HeET4r 80 sFBPLCHLEKI RSndw F‘B‘lr‘i‘faée CoReLd construct ed
i n accordanckixndhdy fhexpbiacepkesratalheoptesent, M itrsedd @6, S

ot atecfla 2P0, The,g0NDEGLOL 209 e Adanted e g ed Lo a cf rout

board 22 gnnen . ral of “conta races, or pads 26 arranged
on a munﬁlwhmfaebegsrmaiiém ingatatdye tgse QJW |StL3cTofa%|ar cuits 24.

20 The ¢ R13£00; PhoVvi H8S-aRe8l eakiinGali veonnsel iy hetyween the circuit
board 22 "and a circuit card 30 having a simlar plurality of electrical

cont act s Wat+hagd atB2br eVRFABPY EPPaR§EF28tEnG6an insertion edge 36 of the
circuit card 30. Th@héoﬁﬁﬁﬁé@toim@nbla§o&\&ﬁ.o€ﬂ;d40251aQDraI1IsQ:nSlrz?<£)JZ,1dé‘lat define

t over engt t he nect ar . One end ort| n 20 be
cgsﬂi gurg'bojtjo |g%?\6ﬁ{él§sl ﬁ&‘egeétnuggetlﬁa Ogvg caesSS| rﬁaﬁ gui di ng
the circur¢cervel GOpoaingt hedcbahecﬁ@r oZ0G. délnm)eld:tloe: fhalsna cigmhgx ry 204
ext ends hef weefy h@oﬁﬂ@@%ﬁr%aég RRMpRO ts'4°’é§<t%% 6&%@%6 affanged on

opposi te sides circult card-receiving connect or 200.
In the erﬁﬁfcwmti'sh@l foBReaEed, eﬂﬁepppféw@ﬁe‘l@l raélﬂ R ERgeas RS ength L

that is egualdatwe éb@ghemgt Qrefacbbet@ahd thRC eind @:@DI&:'J.Q:tnSZQﬁJ afygl i ncl udes two
%Bjarate extents y that are ysuat:)é)or%ed on

bl
et o SAeE 8 “Pravidr ovebert toraroe sgeripre el

the connector 20, espec1ally at the area of the second
conductive portions 63. The base member 54 further has a
flat central portion 55 (FIG. 2) which may be considered
as defining the lowermost extent of the card-receiving

25 slot 80.

In order to support the flexible circuit
members 60, the connector end portions 40 may include
openings 70 that support a pair of rails 71 therein.
These rails 71 in turn support a pair of elongated spring

30 members 72 that extend for the length of the card slot
80. These spring members 72 have upper arms 73 and lower
legs 74. The flexible circuitry 60, especially the first
conductive portions 62 thereof, are supported on the
upper arms 73 while the lower spring legs 74 extend into

35 the card slot 80. 1Insertion of the circuit card 30 into

the card slot 80 of the connector 20 impinges upon the



1 8 MAR 2002 15 As illustrated best in FIGS. 5 & 9-12, the flexible
circuitry 204 is supported on a novel and unique spring structure 122BAR 2?2
shown in FIG 5, the spring structure 220 takes the formof a | am nated or
segnented 5 spring conprised of many, substantially identical spring

el ements, or "springlets" 221. Each sptringlet 221 may be considered as

havi ng a body portion 223, a base portion 222 and_two spring arm portions
230. The Sd%t”s“éjgpd‘ﬁrﬁ‘]?ﬁ'?’s 12‘%"293&&35/69%0 %ld%n‘énEaB?eﬁoﬁ'—é‘eoﬁémlﬁ’@s MENP o red

therein lgfémtafn@:eiy%@d stihé apl £sf etenilenieaRpsrtSuely &2 Idfvelse 225 t hat

are provi to retain the springlets 221 together al ong a predeterm ned
th L T (SHPRGTRA DREBR0P TReDI 95t SRS BRRFErY: A 58S a

| ength L
conpr essiommtfartcevith thiee spdgagterd 22dtattshsir. base portions 222. These

15 rivets 225 pref |y, extend, | hy hr h the spring structure 220
ang may al so exten?f‘%’r o%g’fﬁ‘ﬁ%%%ﬁ%%c?%?g%%é %%r%ﬁegr?g’rzgfloand i nt er connect
the sprimgstsizxd i the ahdreeaidohss20Ratentormprilicacdmect Gthiz)0.
Al ter nat & JRans it hego thag xthxbé’ %hae Sre23ng0ibbl tﬁ’ltarta%%n%fctc%@?t' ng the
spring structure 200 to each other or to the connector end portions 202 are
al so cont®erfAR dEmiee 94 i kgl epPereratarelyr Epdials ¢ hebstiagi 41y
i denti calpddy eash widedommécbar el a0 conNop1LbeikRESSf posthei g e preferably
23 e from esilient Spfln -If_lke material such as metal or plastic. As

ti onef}éhbed%fg,u%d%%r T et 12 2R3FRcPEHRE Ta 154 AT a&”ﬁris‘r&j“pcfr portions
230 t hat spdwend ahoveadiodytipertbons 228gahdibasendoritatensl22? t hereof. The
springl et s; 22. b d 3 Ltahl e. uf gct ur | rocess, such
2o StanpiT Tt o SOrEE Y Y 85, PRBPLL R 51 i LA AT
di mensi orrtigrerkitest ke ckabai mevben gPdater rawtvdide lvelrowladd structure

of the Spii NG AWy 23078y 6 LA LebRGataaPERUER Whe-iGRNNaG or 200 with

either low 35 insertion or zero-i nsergl on force characteristics. In order
t &3provi d'eFe RRFTrEek?? opcter ke craglgprrrand ild fadiedOtic 4%k nnect or

_200|, fj he nSspi[rit[HJLrgralm@@édé@@?miﬁ@dbaépggQMEggbb%wéeﬂ Gheb, frch e&ld,&g ma32/31

i nclude u r,.an r_spring es : se .t spring | obes :

232 are cogf;]ﬁtel%e‘t ed 1Oyet fe l%%dlggﬁ%ﬁ%Sé%Sﬁﬁe&fe&%[eo ttc}”iﬂ%rg%cpﬁ'slgntg? et base

portions W2Xlhychespezdleesprisg ahl weyohe bed®m.nenbers 233, 234. The

first beam menbers B33 baygiLebatiug! Y1boRgehhanINRISe 4 mtﬂsknesses t han
e

t he second beam nmepbers 234 tha? rovide an inward bias to t spring arm
p@ i ons PR IR RAFANEReleREERW1iSE BESHERHN S (dAREG e EI% FIG 9.

portions 102 and includes a plurality of transverse slots
112 which are spaced apart from each other in the
longitudinal direction. These slots 112 are dimensioned
to receive the base member posts 106. As seen in FIG. 3,

25 the cradle spring 110 has a base 114 and two sidewalls
116 that extend upwardly therefrom to terminate in free
ends 118. The free ends 118 lie on opposite sides of a
centerline of the connector 100 and of the card-receiving
slot 120. These free ends 118 include a series of

30 engagement lugs 121 spaced apart thereon that serve to
retain the spring members 122 in place along the cradle
spring 110. These lugs 121 extend laterally inwardly
from the cradle spring sidewalls 116 so that they engage
the spring members 122.

35 The posts 106 of the connector base member 104

have a configuration that applies a predetermined and



The spring arm portions 230 support the two respective extents of flﬁf@@é@ﬂ
circuitry 207, 208 on opposite sides of the card slot 206 of the coﬂ ect o
200. One edge 250 of the flexible circuitry 207, 208 is 15 preferably
folded upon itself as illustrated in FIGS. 5 & 9 and is held within a
retention slot 235 fornmed in the uppen2l obes 231 of the springlets 221. The
retention slots 235 | ocates the first Ttonductive portions 252 of the

f1exibl e QFFEIFELY-Bpyecded pPhagiignFercewPOR 188d B8 GRHQ i ng surfaces

256 of thepspridgngrar m pRet sprivgPakenbeles 1231 exthed llexiddiavicdd cui try
ext ends downwar dj

al o the exteriaqr surfaces of the first (and outer)
beans 233 Wa?%gp?ﬁ?aggbfs§rﬁé‘gf &Ilﬁe&nép%ﬁvteh&??ecle\fgsapﬁrsﬁ heir opposite
ends proxopebiEngs 12¢ shavndxcendudengeh’s sgortlioons 263 dreetlenf. An
el gngat ed pl ate. 25 I h e t he connector
en?porti%ﬁgfg%zigéldlﬁn Egﬁégpﬁ Itgﬁg\éfl?lggiatgl gth& %@%y%?%'% to add a
measure ofngagedeny togehd2ii seuithey 20PN 268eawd acherdlsy SO intilitate the
at t achmenfemséel §§2b%e§9| darieng 9hdhhe s3eaoRd 16ONAH inee portions 253 to

t he opposing circuit_board contact pads 26. In order to control |ateral

al i gnmenteRFagpBeRpr ingFel 3122Xtend EhsRyShedhte SR MWD 7 my be 35
provi ded épehbfgéormuof @neBaneegl ihdvindghiere aroneilesd elend ion arns 228
f()];P‘rerd on flangis 0{9 t he ﬁhanne. ié?.. 1 % MAR 2002 17 These retention

artts 228 &Rt etef VEWPTI PRARRSC B FES Safdithg os U618 1258 Bttt T ]o%%osi ng
sides of ah@ bpwengbpting2legkn lapertataitorxtichd NasytiortdonslA®? of the
SPr i ngl €1, 2200 EcPAEL 18! XS uRRALLRG N J hA < Ghamnel 23] on the web

a o provide

t hereof t Interconnects the two flanges together. a measure
of verticagceilppodt sanll L80facilitate engagenent with the springlets 221,

the springlet base pRELLORS 224 MRMLIRE STREGS RAfjydMe diare tdeigmper part of
the springlets, 221 as i|lustrated 10 in FIGS. 9-12. The channel 227 nmay be

affi xed tO FRBLIEBHNBEt BRIEARD 1F0PPRIAS 2P hy S T A C%uch as by
crinpi ng.the appebespeengbasinsi n261.G The thexikier diohesit23? @f the spring
armportions 230 extend int e cardl5 receivin |,ot. 206, f or greater
di st ance T g%ngﬁago‘ﬁ gﬁ‘é’aﬁ pttla:?lel gt%lsn% r01(‘%at eegnseﬁ)r}]?enxézlaogm%ber T ons 230,
when t he theneecond200ndsceipey pand liomsortdert hegemfhae ahionedv- i nserti on

force aspgctnofinihg-cqareat o6 20@ _c%@ﬁ%c% Ct:irraQ:_lJJst Larsh 30,4 Sciféﬁié e_d into
t he connector _card slot 20 206 as illustrated in FIG 10, the insertion

eddt 30 oPORRE BPHREIPICEPILIES #8i-ngds BiFdn Athd atGR i ¥prihPs obe? 232 and
urges theafapubsardtyitedawdthie itk rc@lee 1P keanhe Ibnmedther manner
illustrated.by the lo arraws _of .El 0.__Thi es_the upper spring
| obes 231ert1% égrﬂﬁegsrﬁé\ér 8P§ {"EWard ug%cgrrglsslslc?ﬁja%%a%ne e'i%lgcpspri ng arm
portions P3agiouginallyr thevefaiooutarad poigageP.thGomprivegl members

122.

%5 It has been discovered, that in using the prior
art connectors 20 & 100 that during insertion and
withdrawal of the circuit card 30 into the connector that

variation in the thickness T of the circuit card 30 may
detrimentally affect the engagement by way of gaps G that

30 may occur between the circuit card contacts 34 and the
FFC first conductive portions 62. This detrimental
contact occurs as a matter of compliance between the
connector spring members of the two aforementioned
connectors. The spring members in these connectors and

35 in other prior art connectors are elongated spring

members that extend for the entire length of the



insertion of the circuit card 30 to the position shown in FIG 10 urges the
spring arm portion upper |obes 231 (and the first conductive portioR@b%ﬁﬁ
supported thereon) into 30 engagenent with the contact pads 34 of 1 BAER
circuit card 30 so that they apply a normal force against the circuit card
30. FIG 14 diagrammatically illustistes the beneficial aspects of

utilizing multiple spring el ements 35 221 of the,greseg&é nventi on rat her
t han cont9 ?ﬁn?#&ﬁréhﬂ%rs BRCRUGGhEPBFCt RRTPPEoMSTEYS 25G || be 18
MAR 2002 dohtapfied ad Bshd hetie BacCénSprengeabement hd2 kphasia ndingedad e

pr edet er m_ned | engt that is approximat el qgqual to the width of the
contacts%ﬁetqﬁ§f%bih]FQNEREP?Q%gg%r?95n¥a§é§%69nﬁhénf%@ﬁ ble circuitry 60.
Because dilsicrietessd Bpst nthel eteot st 224rdr 8oused, each such discrete spring
el ement applies a discrete, individual contact fqrce against the first

coRduct i ve portionstB52 R¥oRhenfiexiblEsErrEart Ay 29Rd T aGE 1T thel R ont act

pads 34 ofid herxj renkdte Car de 30am bBi Bebhe changihel cofi cidiesspri ngr el enent
221. 10 The discrete lengths of the ;Ering_elenents 221 are small enough so
t hat gapshe iiftcwbt oredr30|viarhes adaner 1tp idkngkhes&dy is ons T and

war page YM§¥t£$K*Hé&£%@ta9éﬁﬁc§9e§h|& Not s f esyl &réQcthechghmahion of
detrinmental gaps G occurring between the circuit card 30 and the flexible
15 circuirtanyifdll. flhiksknassont i niddstconbadty, f ahee disxcappl icsdrd 3@ he circuit
card as a continuous by the individual spring elenents 221 along the | ength
of-& he cdiedidre car el +ekkei 3PAENEI B PBEP2PRe We SFpitdddi Vi fiot tappl i ed by

the rivet a t) pr.i may, in
certain c|ﬂ%ﬁ%?%%ﬁ%g%%gg%%l§§apﬁ%k28§§ﬁéﬁéégﬁﬁgg%§rcg%%?%%i pring arm
portions WiBEh |thergardts sedbeett hadsi Rél pxcodisMatiesl .cofBrassi ve force

appl i ed tdtensdis NObes - Das8e POHEE 8BS méABelisomaf fe6t gk d iy iqdi vi dual 25
circuit card-qugﬁlng abi |t¥ of the sgéln arm portions 230 ther$of, nmeans
240 fox SPAIFOEEhetSpPrRgPEtsFB8168p3 ﬁgygﬁépr§ﬁ(ﬁﬁf9ﬂﬁFi?ﬂ% | eaved

batrmeen tire adheoi cbmgasprfogtet ex22tedObg sheh sprdmsy inenddmstraz ed in Fl G

6 as sep C I 241. The acer Igp@ ts 2 re thin, in
t he orde?h%%$§%%$o§%ﬁ§ ggsg%§%i§& ?5Y08§Qin%h5§$f§ﬁ' ngﬁﬁgﬁqﬁggned froma
nonconducténgtieefrilae asrehdwncandrl GThe iafpriorstednddsi areass the agpr i ngl et s
221 are forned fr§n1a condug%ive material , such as a q$ | .. Alternatively,

t
as shown THHIE ¥ "¢Re38USpacBr VEFEmenBL 02T MY & Wrectly as a

layer 24%ccurring between the spring members 122, the FFC 60
20 supported thereby and the circuit card contacts 34. It

can be seen from FIG. 13, that in the area B adjoining
the thickness variation T, and in the area F of the
warpage W, the spring members 122 and FFC 60 lie slightly

away from the circuit card contacts 34.

25 Some attempts in the prior art have been made
to address this compliance issue and have utilized a soft
or elastomeric layer to the spring members 72, 122
underneath the area of the FFC first conductive portions
62. This solution requires an additional manufacturing

30 and application step which increases the complexity of
manufacturing and may affect the ultimate cost of the
connector by increasing it. Problems with this solution
may arise with applying a uniform layer of the
elastomeric material and the compliance characteristics



~ a MaR Zoo2 19 on and as part of the springlet base portions 2228 8 80ks
by plating or any other suitable material deposition technique. The spacer
el enents 241 and spacer layers 242 will serve to slightly space apart the
spring arm5 portions 230 of adjacent springlets (when viewed fromthe
side) 221 along the length of the sprieg assenbly 220. In order to prevent
abrasion of the circuit card insertion’edge 36, the springlets 221 nay al so
i ncl ude Gte Bte MAXCET-BhBhele c8dECEERPE244 that are 10 applied to the

springl et body portTlgéls%ﬁ@%eat meeh@me? §Ebkr:i@e|sobe%oa3ﬁdloﬂ1%‘oﬁ edge cli E\S
engage a | ot 24%€n the, botto 246 of. the s 232 an tprevent t he
Entla e

| ower SFFIR O %t FigY WAEG0Ph F‘Esﬁl &&& H¥ertion edge
36 of tkmiayannnﬂdcaadhéﬂ sbes ﬂ5rthsarhedelTBel@dg@nckbp$h344 may be in

form i ch r 22 e
constlthégrlégi é&%ﬁ%a gdégglégﬂ%%?ﬁgga Igﬁ t%gj %hat%gzégé}é%
Iength(ﬁuﬁikﬁaﬁﬁ|¢mme£3epb¢y622®eanGprS”ﬂBWu§@¢&@esamnw%xr enbodlnent of
a 20 conngchore 200, Cﬁﬁ'éﬁryéiﬁgs'Gséﬁcgﬁgaﬁﬁ%r\@mfel?xttafle ARG Rlesif the

present invention. e connector IS one t at has a nodified spring
el enent hffajr AtEbhiPbe pr sVAERERELBL| ARERTZ0 R 1EBIEEE Sch& act eristics to

t he Connecéﬁlngﬁ'@t§0nn§§é9ﬁs€6@hétthkéaital&a&@t uatniheg sp‘i ifRads 261 in the

rmof an elo t hat extends th Ien t h
o0 T ec A F S GFORIRAAEPS B LeRR BAPRELA LA THE CommBEEs hd por ti ons
202. As hbsfirseen soghefSedldprifgé&stbuctheecahaectfdrankE0 thtd [daos$ a spring
assenbl y qzmﬁth 30 individual spring elenents 265. Each such spring
el enent I's of a predeterm ned discrete length 1 and has a body portion
2é6 a base portionT@e7ingdnawphPr FoF . oppodi EIHNCGLRY SONSFGTUS 268 t hat

extend abaye,ddherdodye p@i&hoeﬁdﬁmlae@g%e eenree ed-dferet o by way of 35

vertical beam nenmbers 269 illustrated in FIG. 15,
whiieh deﬁQﬁ%ﬁEﬁon is 1llustrated at 200 The connector 200

adapted to be mounted to a circuit board 22 alignment
with a plurality of contact traces, or pads 26 arranged
on a mounting surface 28 thereof that lead to a plurality
of circuits 24.

20 The connector 200 provides an electrical
connection between the circuit board 22 and a circuit
card 30 having a similar plurality of electrical contacts
34 that are preferably arranged along an insertion edge
36 of the circuit card 30. The connector 200 has two end

25 portions 202 that define the overall length of the
connector 200. One end portion 202a may be configured to
include a locating feature that serves to assist in
guiding the circuit card 30 into the connector 200.
Flexible film circuitry 204 extends between the connector

30 end portions 202 and is arranged on opposite sides of a
clrcuit card-receiving slot 206 of the connector 200. In
the embodiments illustrated, the flexible circuitry 204
has a length L that is equal to the length of the card-

receiving slot 206 and includes two separate extents 207,
35 208 of flexible circuitry that are supported on opposite

sides of the card-receiving slot 206.



cross-section of the connector 260 at a rest position with no circuit cagﬂﬂ
30 present in the card-receiving slot 206, the opposing spring ar m'IdbMAR 13
268 partially 5 extend into the card-receiving slot 206. They are typically
separated by a distance that is |less than the thickness of the circuit card
30. Preferably, in this position the iewer | obes 271 of the spring arm
portions 268 rest upon the actuating fWenber 261 in a manner such 10 that
they are noved, or BgakhhtdstratedaP8Fy dpoRi6fe rotdatdi-6i? -ofththe actuating

nmenber 26f11e%&po:f@|@ﬁs@&iiéfgnhbb_e&g SAPPBEtRESbh QN NeRRN &rkPUH IOt ation
of the actuating nmenber 261. This capm ng . action provides the connector 260
15 with SR Tt ohef ofte. APCCROYR LPustFat @3 e &S ng nenber
261 rot atedkudiwra 120 Stakeer 8hevEopasbEi an lahdnhe tidte caprdaigheargadorti ons
2685 are Séorread oct:thardIé/ to_perm:t eagé iﬂgefaﬁri on .of tthe (aizrcuri.t card 30

i nto t he Cartd scBIRThg™31 9f 08Y + TRECRELUEL PG TmdFal 23 26P 51X st r at ed

t akes t heforentod, socy! spdingaktestd2262 oEawht Isperipgritator? 2thevsgofod r uncat ed
along a ¢ ; t i ndecr. {,S ti f eﬁhctt-i maj or and
m nor axe%%%%gn%t%%sﬁfﬁiwgzgo?aa kep%(%;e E%I?Ll r%%@rfe%gjr% ereG .elro\e{fpt he maj or
di amet er 422 iandgrive® ePPYhA® 8HE BPHBE OGRS 2dPanetléle BASCARITFUGNS t runcat ed

cylindricady rgh, 262-19aé | bHat bat Rdrel bp¥hhihgRe 2pndersinod ditate 191 her
si_m | ar eccentric configurations, such as elliptical actuators, will be

jd& as S@ctTRRET YR opeFli BRI e TREEEBEY OBoFErdTy S hdd e §Hhd ng
el ement s 8k Xamtr£rprovodededi thb aetanhr ahepapsageylaid tdmt i s continuous

the. act U TH HENDL 815 HorEAC AR E B0 EP ATVl | rop e a1 e
act uati nggenbernL6di edst Pes SEEE@_@r@b!Iyp_@'pbil?/n% 2hdre fffrctrdhe 35
openi ng and tcl%)o_m ng, de c%begl erein w t El n t he rpassa%e 5 '_1 ngAR 2002 21
270. I'n t1H 7 i A RIORESt RéL BleFEpEi RGSEr MATCHENDA%% 1 de R t he
outer surfiacetof22fheprefentblyr esdtr26d. 1éhgthernigieh tifrduyh ndjeor di aneter D1
TN L O
t he i nseradwreefon endcpbrtiand 302i and theeicomrEys: tNeen the card 30 is
fully insgitfthided Neasl 06 206, ehhepBseh ohQt 3les dd& it uald ng menber 261
'nto its connector 200. Alternate means other than the rivets 225
20 illustrated of connecting the spring structure 200 to
each other or to the connector end portions 202 are also
contemplated.
The springlets 221 are preferably substantially
identical to each other and have a common thickness.
25 They are preferably made from a resilient, spring-like
material such as metal or plastic. As mentioned above,
each springlet 221 includes a pair of spring arm portions
230 that extend above body portions 223 and base portions
222 thereof. The springlets 221 may be produced by a
30 suitable manufacturing process, such as stamping, that
can provide the springlets 221 within appropriate
dimensional tolerances. As explained in greater detail
below, the structure of the spring arms 230 may be
tailored to provide the connector 200 with either low-
35 insertion or zero-insertion force characteristics.

In order to provide a low-insertion force



10 second operative position as depicted in FIG 12 so that its nqug A
dianeter D2 in now vertical. Wth D2 being shorter than D1, the sprl E%ZW
portions 268 then are released fromtheir outward bias and they spring back
towards the card-receiving slot 206 under the influence 15 of the beam 269
so that the first conductive portions1@52 of the flexible circuitry 207,
208 are brought into contact with the~circuit board contacts 34. The

act uat i n*$REMler t268heagOPRESEBF0PPEd WEhISRTERE CHFh&RITIIWI PP ti ons 202
bymt;earl l)%,sm&bﬁlﬁé@@ éhggméosos ot h@r 1@umaqulleacrmmslu§@wr aghdiat i ][lg .
menber ovj de ne or manual mani.pu i.on t eof, suc
as a sl o?lcﬂe/gf ﬁ'ﬁ%g inola Seﬁé?:ap 3?6 fTE“Fﬁg 58%&9]?11619 %1{0 whi ch a
screwdn\aﬁzcmr@t@@nnéooédnﬁygéehemsehﬁeéx@oaﬂédwﬁdnnfdﬂuﬁexmLﬁheng rod

26 betmeen |ts eratlve S o] Qx her .struc gatures, such as
| evers, nd%r%%g %gb? n%%rﬁ ?gFeb%E gXCFSEPeﬁglﬁgﬁ é?%%en‘?ts dlfferent
oper at i vesposnd i besm menheugh28Rhe ﬂaﬂegomM§(ﬂxnaﬁ;haam1mﬁmb¢m@n23h 30
terms of il conneciors OigﬁgégpE‘E%ﬁ%?re‘f%\éeritﬂl%@q?e%é@s! Nohdpunted

vertically to t circu e spring structure of the present
i nvent i orfeRYNBPEBBANEHLBERer3br FBALaPTOYS Seuch d5Watd dghtaangPe connect or

200" as ithaisépaied hhmFb&reibnknowhi €b WE rmidientHd onreddr t he 35
card- rece|V|n sl ot ZOglof t he connectaor 200" is parallel ~ 8 MAR 2002 22

td% he ci®et l%%a?ﬁ 551P8ERBFSPhAR péFperdi cul ar. Additional ly, as
illustrated i n FI G Thé, spﬁmngcbamSpaQﬁllolmsam darmnm’ tthhe htewcp)r esent

|nvent|on fkgdgxggﬁk %cgi xg%.% X order to

aqconnndé? ér a Ponal CIrCUIt 02%6! or CIrCUIt car S 330 of
greater IQ@@mﬂltﬁaﬁldhe cEr thet cezdd s3@tsROMN dfh FiGSonnedieoB. 200e | atter

I nstance §g& V@égé025605§a§ﬁet ?‘ieS&‘i%rl%' lCllr%nLﬁ_ttl}}prd"he seginggt or 300. FIG

18 illustrates anot her _enbodi nent 10 connector 400, and depicting the

usé of tvﬁF%ﬁ%E?%éYefgbﬂﬁﬁgu§PPuéF§Pé§'&fb%%ﬁyﬁﬂﬁ?tQQn%PsﬁﬁQ%g Stfuctures

410, 440 argngupponted wmtamnebo&@abmllaﬁﬁ%rm?mezs aﬂsls)i?ﬁékﬂe 5PrtRE
structures 410 440 s e upport. e nt xi bl e C|rCU|try 404 on
£ot et s PP BR e s B 40

bot h si de¥PBF* algP?Eu &N ?n The” % ??ng structure
410 showmsl@t$hé35eibceteﬁlGhelggratpbmnﬁuQQAvﬁ p¢KNx@mma2$2do§crete

SPring el RENE§odd2ar e1suapoileddsn U DaSC IR A0Z: o r eheaably wi thin

correspondi eni ngs 414 so 20 spring elenments 412 may
i s%rted %@nE%ﬁ éﬂglﬁHﬁﬁaﬁéﬁngﬁssG@ht§§ BPiNG AP Reh?? neBPeHe openi ngs

ﬂg tEatch:L@}tpésggwl engnfb ﬁlafﬁmgacamw}xi@&&l&s adwkm?nalafaﬁyegdf pOL_ti on
al e en war Lrom e ase nti | evere asnl on.

The iroe SroRgor iR Rk e s o0k SR chcRe S e o, (iR ouie fhat ontong

i nwar dl y lo¢atnbe28ar dndeeeevprngisheiol4Obhe ‘lfrtelsie&pxpcprg dnempelvesnst418

support t%%ﬂ:eéffagbgl%r HiEr é%n%’&% RY td ! S%r%dtﬁ%éuét?&vgonducuve

portions t he |n and on opp05|te SI card-receiving
sﬂ%ﬁ 406. P%BtP@@Pe?éﬁlyhefﬁ@fspa0|ng is less than the normal

An elongated base plate 254 may be provided
that extends between the connector end portions 202 and
underneath the flexible circuitry 207, 208 to add a
measure of rigidity to the circuitry 207, 208 and thereby

30 facilitate the attachment, such as by soldering, of the
second conductive portions 253 to the opposing circuit
board contact pads 26.

In order to control lateral alignment of the

springlets 221, an elongated retainer base 227 may be
35 provided in the form of a channel having one or more

retention arms 228 formed on flanges of the channel 227.



t hi ckness of the circuit card inserted into the connector 400 so th&tmhgﬁh
spring armportions 418 wll have an inherent bias into contact wit !
circuit card, when inserted into the card-receiving slot 406. 35 The right
side of FIG 18 depicts another fashion of a spring structure 440 that
utilizes two ~RVMAR1001 23 el ongatedygpring nenbers 442 supported on the
base nenber 402. These spring nmenbers~442 have respective opposing base
porti ons WaBsenecterbliendaphft 8Rs 2484 revigd vieded iddd orti ons 444 of the

spring mesberssgdiaang preter abby rarmkammed dp e e sy wraldhy of

I ndi vidual s rlqg el enents_446 that are separated from each other by

i nt er veni RFF $pAtesS4471s0 LRaPPErAtdPPect S h@SSHANS Eehems M6 are
cantil evetiedl sipringhetbezbaserpophirtiald4d3.subpickteepariattiion el the | ength
of the spaces_447 ermts each,.spring. element to act discretely within
L& | engU e Bty BRaTber B8 RBFREP L STES G N TR 13 STbl €21 1 ol try
404 and afkamgesttogetdhenser Tedpirpvddehe ceeduwecafvivegtsiagl 406 akin to

t he manne e eyLo ' cor.di |1 W
A g R B et e S
di scussedRhkr ebhei speneleti brast PoEitveNst 22 awyapis inads Ry odwehe

principleshoh the hﬁgem FQ@t Bemeheugradiflictal ions J8y; e ddde- &y those
skilled in 20_the art _w T hout departl%% fromthe true spirit and scope of
t P i nvem® ohICS- 931kmR 7RGz CaneeA KB 71 M, B8 &&f ot or  (200)

for effectdmgeateonaaat perthehween2abyl W auitaklfe fd=fis, such as
by crimping.
As can be seen best in FIG. 9, the lower lobes
232 of the spring arm portions 230 extend into the card-
15 receiving slot 206 for a greater distance than that of
the upper lobes 231 of the spring arm portions 230, when
the connector 200 is empty and in order to enhance the
low-insertion force aspect of the connector 200. When a
circuit card 30 is inserted into the connector card slot
20 206 as illustrated in FIG. 10, the insertion edge 30 of
the circuit card 30 impinges upon the lower spring lobes
232 and urges them outwardly toward the twin connecting
beams 234 in the manner illustrated by the lower arrows
of FIG. 10. This causes the upper spring lobes 231 to
25 move inwardly toward the card slot 206 and the spring arm

portions 230 to pivot or move about a point P. Continued

insertion of the circuit card 30 to the position shown in

FIG. 10 urges the spring arm portion upper lobes 231 (and

the first conductive portions 226 supported thereon) into
30 engagement with the contact pads 34 of the circuit card

30 so that they apply a normal force against the circuit

card 30.

FIG. 14 diagrammatically illustrates the

beneficial aspects of utilizing multiple spring elements

35 221 of the present invention rather than continuous

spring members as taught by the prior art. It will be



circuits (24) disposed on a nmounting surface (28) of a S circuit nenbe

(22) and a plurality of second circuits on a circuit card (30), the18ﬂﬂ$dﬂﬂ
card (30) having two circuit faces di sposed on opposite sides of said
circuit card ( 30 ) , at least one of said circuit card f aces including a
plurality of individual cont act areas; §34) 10 arranged in a predeterm ned
pattern, the contact areas form ng. portions of said gircuit card
second cidRRRGSLAGHE %‘he%"t‘%}f* FRHOYI haY PREENprov 8 Sc & demfddfent

char act ergraddetSarsitigt coaneeh oI {R&0) 1 §0BPpirdkAtatdi yt Wenepas ntheonnect or
end portions (202), a spring assenbly extending |engthw se between the
connectowkﬁﬁh[ﬂﬁtﬁhﬁmﬁQumﬁgtst%é thei Agrassenbiiict22®) Hexfiimps sl ot for

recei vi ngdhe Cigydli 41 &agh & 3911:&15‘?{‘2&“603 prE%Uste)’ Nfsslgg rically
conductive contacts 2 | sposed” on og posite sides of the

card- r ecERAHY sqjcﬁm%@%)z%%daE%p’ﬁ%?@edeﬁij s 81Ghs FriSeg eASs SRITANY 220), the
contacts dl%&@nﬂwaa/p@gléy@tdg@@ﬂ@@é;venaﬁm‘wgaa €282 cdi FRased thereon and

extendin mnthln card-receiving slot (206) d second condyctive
por t1 ons (AF ot il FEF D5 THOHT RATE. POEEAPASEPRCURE B PP roui ts
when sai d:mme:mipraz(&O@gamst nshal tedtaponpsaisd 3ai rduitthebaairctuit

card 30 within the length L of the spring element 221.

10 The discrete lengths of the spring elements 221 are small
enough so that gaps G will not occur. 1In this manner,

thickness variations T and warpage W of the circuit card

~—

30 will not result in the formation of detrimental gaps G

occurring between the circuit card 30 and the flexible

15 circuitry 60. Thus, a continuous contact force is
applied to the circuit’‘card as a continuous by the
individual spring elements 221 along the length of the
connector card-receiving slot 206.

The compressive force applied by the rivets 225

20 to the base portions 222 of the springlets 221 may, in
certain circumstances, apply a like compressive force to
the spring arm portions 230. In order to reduce the
likelihood of the compressive force applied to the
springlet base portions 222 from affecting the individual

25 circuit card-engaging ability of the spring arm portions
230 thereof, means 240 for spacing the springlets 221
apart may be provided and interleaved between the
adjoining springlets 221. One such means is illustrated
in FIG. 6 as separate spacer elements 241. The spacer

30 elements 231 are thin, in the order of approximately 1
mil. (0.001 inches) and may be formed from a non-
conductive material as shown in FIG. 6 in instances where
the springlets 221 are formed from a conductive material,
such as a metal. Alternatively, as shown in FIG. 7, the

35 spacer elements 241 may be formed directly as a layer 242



(22), said spring assenbly (220) including a plurality of ~ 8 MAR 28%%M&5
discrete, resilient springlets (221) arranged in side-byside order an 2002
extending along a length of said spring 30 assenbly (220), each of the
springlets (221) having a discrete length and further including a base
portion (223) and two spring armportyigns (130), the spring arm portions
(230) extending fromsaid sgringlet’bﬁ?ﬁ“ ortion %223) and bei ng spaced

apart frd?ﬁewg 2% B3R Tt 0°B5ChBoFBE APV EF y PRERI ROTA 151t 2ot  ofSUSEl d

card-receiying s19ti4206)> hAgrebatweenitspild sAteRdaar Mepditarm (230) |
each supportlng respe ﬁlve ones 0 salg fla t ¢ nductive]portioqf 252) on
opposi t e STHETBEE sai HEaPBEFELefvrRGRSFof ?268 , SPR§FACtENSFEd 95F that: 40

sai d spriwgl Brsepesttonsl{@R0)yi sphudesppaitr shef spedpectsirwe upper and | ower
SB14 19 S obes, (79307 40§10k "SpHEREA 2R e B0 rdp e (291
(206), swidehai2kazhond§ tshedlspgihgbét §he5sp2ang fagsemdly ddpendent |y
exerts a biasing fofge,per to prevent abrasion of the circuit
card insertion edge 36, the springlets 221 may also
include one or more C-shaped edge clips 244 that are
10 applied to the springlet body portions 223 at the lower
spring lobes 232. These edge clips engage a slot 245 and
the bottoms 246 of the lobes 232 and will prevent the
lower lobes 232 from acting in saw tooth fashion against
the insertion edge 36 of the circuit card 30 when
15 inserted. The edge clips 244 may be in the form of
individual clips applied to each springlet 221 or they
may constitute a single elongated clip having a length L

that extends the length of the spring assembly 220.
FIG. 8 illustrates another embodiment of a

20 connector 260 constructed in accordance with the
principles of the present invention. The connector 260
is one that has a modified spring element configuration
to provide zero-insertion force characteristics to the
connector. The connector 260 utilizes an actuating

?5 member 261 in the form of an elongated rod 262 that
extends the length L of the card-receiving slot 206 and

is received within the connector end portions 202.
As best seen in FIGS. 11, 12 & 15, the
connector 260 utilizes a spring assembly 264 with
30 individual spring elements 265. Each such spring element

265 is of a predetermined discrete length 1 and has a

body portion 266, a base portion 267 and a pair of
opposing spring arm portions 268 that extend above the
body portions 266 and are connected thereto by way of

35 vertical beam members 269.



said respective first conductive portions (252) to thereby urge said first
conductive portions (252) of said contacts (204) toward said card-t&bmkgmgg
slot (206) and into contact with said circuit card contact areas when 5
said circuit card (30) is inserted into said card slot (206) . 1 8 MAR
2002 ..2 6__ 2. The connector as defagmed in claim1l, wherein said

springlets (221) are held together Tengthw se al ong said spring assenbly
(220) by at |east ohe iblasheated2sn HpBlyiRg &hﬁéﬁbﬁ¥¥ﬁﬁ“$%ﬁte to said

springl eteRase. POEE { ORSc £ 2233 - cdnndBEogONBRBCHRS aaSe@ef iaRd ditb: el ai m 1,
wherein each of sajd springlets (221) includes a central passage (270)
ext endi nd"HerRR Hf bUght BnePEQmPRnPESERRG Wit € TS meT§ M %or t i ons

(230) danchlfcai dzcﬁ@pnteb;éﬁdspﬁoﬁzﬁ@_)aﬁﬂﬁhbearhn@l?udafar%nzm q:@tfxoﬁa_(%l@l) .
extendi ng | engt hwi se through,said connector way of said springlet
certral 3H§% st 990 Petﬁ%rgéfﬁﬁ?byl?§6f§°5e%%%'op Fﬁﬁyglﬁbtmeen a first
and a sedondi apklpt sepapasedi bp, awdéserncehemasaiic detasattdrar 281§ occupi es
said 10 fi.rs EV oSl L] ' t ua xer. n. openi ng
For ce on S TRe: abt 1 aPosLEE STy S 35 e S e T

t her eby SRl emerhantiowar dlgbepr sV lcoAdidE WOIPMR B3 RABAO”RIppor t ed

thereon ofgerdly YWhdh fRSPLELuLeifgl Hefm@lReckar jGAdLERIVINGLHS sl ot
(390 and elgly 2PN, S2Lg, 2SLURLanntatt) QESISES upon ome
rotation of the actuating member 261 and released from
their cammed position upon a counterrotation of the
actuating member 261.
This camming action provides the connector 260
15 with a zero-insertion force. FIG. 11 illustrates the
actuating member 261 rotated into a first operative
position where the spring arm portions 268 are spread
outwardly to permit easy insertion of the circuit card 30
into the card-receiving slot 206. The actuating member
20 261 illustrated takes the form of a cylindrical rod 262

or with a portion thereof truncated along a chord C of

the cylindexr. This truncation forms respective major and
minor axes or diameters D,, D, of the actuating member 261

where the major diameter D, is greater than the minor
ks diameter D,. Although a truncated cylindrical rod 262 is

illustrated, it will be understood that other similar
eccentric configurations, such as elliptical actuators,
will be just as effective in operation.
The body portions 266 of the spring elements

30 265 are provided with a central passage 270 that is
continuous through the length of the spring assembly 264.
This passage 270 receives the actuating member 261
thereon and cooperatively operates with the actuating
member 261 and the spring arm portions 268 to effect the

35 opening and closing described herein within the passage



sai d second operative position, said opening force is released fromgs\iRA0?
springlet spring armportions (230). 1 8 MAR 2002 27 4. The connector as
defined in claim1, wherein said each of said two spring arm portions (230)
are interconnected to their associated springlet base portions (223) by
first and second beans (233, 234). 5.37he connector as defined in claim 4,
wherein said first beans (233) interc¢onnect said spring arm upper | obes
(231) to W d spri ket obasetpbirhonshe2dgeandrsding SEChnkPlrtand’ ¥ 234)

i nterconnecde S@y_bgnStEQr bligedr Bukewee Lebese 23t saidh siyi ngl ghe base
portions (223 . The connector as defined in claimb5, wherein said first

and seconttB ng?ée PIAPT afléaBE5EEd DaphPt CPPBF RENEBEREr DY #3Yi recti on
transver sge 10, 58 gy GRr dopg6ebYh NI 8Ot (4% arm portions 268
5 outwardly with respect to the card-receiving slot 206.
This permits the insertion of a circuit card 30 into the
glot 206.
When the card 30 is fully inserted in the slot
206, the user rotates the actuating member 261 into its
10 second operative position as depicted in FIG. 12 so that

its minor diameter D, in now vertical. With D, being
shorter than D,, the spring arm portions 268 then are

released from their outward bias and they spring back
towards the card-receiving slot 206 under the influence
15 of the beam 269 so that the first conductive portions 252
of the flexible circuitry 207, 208 are brought into
contact with the circuit board contacts 34. The
actuating member 261 may be supported within the
connector end portions 202 by bearings, retaining rings
20 or other suitable means.
The actuating member 261 may be provided with
means for manual manipulation thereof, such as a slot 277
formed in an endcap 276 of the actuating rod 262 into
which a screwdriver or other tool may be inserted to
25 rotate the actuating rod 262 between its two operative
positions. Other structural features, such as levers,
may be used to manipulate the actuating rod between its
different operative positions.
Although the foregoing description has been in
30 terms of the connectors of the present invention as being
mounted vertically to the circuit board, the spring
structure of the present invention may be used in other
orientations such as a right angle connector 200' as
illustrated in FIG. 16 in which the orientation of the

35 card-receiving slot 206 of the connector 200' is parallel



7. The connector as defined in claim1l, wherein said electrical contacts
(204) include extents of flexible circuitry (207, 208), and sa|d1gwmgﬂmﬂnd
second conductive portions (252, 253) of said contacts are 5 di sposed near
opposite ends of said flexible circuitry extents (207, 208). 1 8 MAd 2002
8. The connector as defined in claimgy wherein said actuator (261)

includes a camthat engages a portion of said central passage (270) when
sai d act Uz drhg 2615cu st i hoguid2getahbespshani perpesidiiconarsaid spring 5 arm

portions Acﬁ?@l&‘l&iifg OstﬁlguEQ%W@Qr‘ 19Akd ACHYAl oo dsS ddp said first
operative position The connector as defined i'n claim1, further

i ncl udi ng- AP SFOFGRRER YoERI RBP BASESPE2PTVeshdRToMayaiimcdmdengiuals (221)
bel ng at &ﬁﬁ@&l@a&ét@lfélcéﬂﬁ@ﬁgt Belysnabheiih erdent thetseemnitidtLonnect or

t 2 t b 7 d t 227
"G Ul n S RHATRAT WaYARG ER5CPREnGBE0e208) CWEEIId A0 ercld O sald
ret ai ner gnmta\eblmgthathansuhpocutmglsalcdmlomOn@Im (i22BIc8.a 4 heir base
portions e(sx%%g%l;‘ %tESt a&ﬂ aR%%es Lgages %%@reaa'éeggbr{éq s

springl et wse St said S ng assenbly (220) . 10. A
flexibl e gréemed b¢mguht06atuecgnneepapr(2@@) for prOV|d|ng an electrica

connection between gr@luigli XuggrggggtaggQ%é&I% Rinp@ g igrary circuit
board (22) and a pIurafltg second contacts (34) on _a
connector 400 and depicting the use of two alternate

spring structures 410 and 440. Both spring structures
410, 440 are supported on an elongated base member and
the spring structures 410, 440 serve to support extents
of flexible circuitry 404 on both sides of a circuit

15 card-receiving slot 406.

In the spring structure 410 shown in the left
of FIG. 18, a plurality of individual, discrete spring
elements 412 are supported in the base member 402,
preferably within corresponding openings 414 so that the

20 spring elements 412 may be inserted by conventional
means, such as by stitching them into the openings 414.
Each spring element 412 has a base portion 415 and a free
end portion 416 that extend upward from the base member
402 in a cantilevered fashion. The free end portions 416

25 include spring arm portions 418 that extend inwardly of

| the card-receiving slot 406. These spring arm portions
418 support the flexible circuitry 404 and particularly,
the first conductive portions 407 thereof within and on
opposite sides of the card-receiving slot 406.

30 Preferably, the spacing S is less than the normal

thickness of the circuit card inserted into the connector
400 so that the spring arm portions 418 will have an
inherent bias into contact with the circuit card, when
inserted into the card-receiving slot 406.

35 The right side of FIG. 18 depicts another

fashion of a spring structure 440 that utilizes two



5 secondary circuit card (30) having an edge (36) that is insertab

and renovabl e from said connector (200), said circuit card (30) hav

first and second opposing circuit surfaces, at |east one of said fi
~ a MaR zooz 29 circuit surfaces having said second contacts (34)

second

| 0 di sposed t hereon,
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A

rst and

sai d connector (23@0) conprising: a connector housing

i ncl udi ng two opposi ng end portions (202)y that define a length of said
connect ore{on@3ted ephningt MEPPENG &$SemdiOpPqrIZY) WX ttdiRliPRED ISR sai d
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that is adapted to receive said circuit card
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elements 446 are cantilevered up from the base portions

443. This separation and the length of the spaces 447
permits each spring element to act discretely within its
length and apply a discrete normal force against the
flexible circuitry 404 and a circuit card inserted into
the card-receiving slot 406 akin to the manner of the
previous embodiments.

Accordingly, it will be appreciated that the
embodiment of the present invention which has been
discussed herein is merely illustrative of a few
applications of the principles of the invention.
Numercous modifications may be made by those skilled in
the art without departing from the true spirit and scope
of the invention.



25 di sposed thereon in spaced-apart order |engthw se al ong opposite sides
of said card-receiving slot centerline, said contact spring assentd §MAR2M)
bei ng made up of a plurality of discrete, individual spring elenments (221),
each spring elenment (221) having a predeterm ned 30 increnental |ength,
each of said spring elenments (221) haying a base portion (223) and two
spring armportions (230) extending frémthe base portion (223) and

di sposed posite sides of the card-receiving slot centerline,
charactegggéggin that: 35 said connector (200) includes a base 18 MAR
2002 30 nenber extendi ng between said connector end portions (202), said

base menber includiing aaghannele 4227) hawide:s¥o(specedoapart flanges (228)
extending therefromthat define an interior space of said base nenber that

40 recei ¥eseslitgSRr icReirRlARIH Haseedqiord ignsrdheegi 6f sakdrchannel flanges
(228) at least partially aligning said spring elenents (221) with each

ot her al eagctiiesl €rgth difspraiall conne aidunt 209) susfadespeBhgo€l ement s (221)
further being biased towards said card-receiving slot (206) such 1 that
Bhen sai diecndti mecked () iend sty shigecand- cérenviagosl ot
(206), said spring armportions (230) of said discrete spring elenents
(221) spri pgrryiy eagayel33Hid Wie cudrcwhry dcgdsd) (3Rd bppipgatpbural ity of

di screte contact forces to said circuit card (30) to bring and maintain

sai d fleQilBrEiE fagesr Pifsnaged RRRRPRL TRr$18AS PE58R1ANCEFEELEI cal
contact wt saig circuyit card second ¢ ntacts_é34é, egch of said discrete
contact F&FEesd38 Pn@tagﬁQ§ﬁjQ&?rﬁ 2ty SHYFhYteFeREnt28P8crete a | engths.

L, e SROISERG 30Tt e AU Iy e sl Rl st o g
1307 19 BB, WIea s B0 R Lb00SER C2E) el o
respect i (g 4paichimhng igcile Kk SO UUl beafn SBIPeESr§238coddd) -
circuits, the connector (200) having improved card-
engagement characteristics, said connector (200)
compriéing:
15 two opposing connector end portions (202),
a spring assembly extending lengthwise between the
connector end portions (202), the spring assembly (220)
having a slot for receiving the circuit card (30)
therein, a plurality of electrically conductive contacts
20 (204) disposed on opposite sides of the card-receiving
slot (206) and supported by said spring assembly (220),
the contacts (204) having first conductive portions (252)
disposed thereon and extending within said card-receiving
slot (206) and second conductive portions (253) extending
25 proximate to said circuit board first circuits when ;aid

connector (200) is installed upon said circuit board

(22), said spring assembly (220) including a plurality of



1 8 MAR 2002 31 12. The connector as defined in claim 11, “herEiBéFﬁwg qFD
spring arm portions (230) each include upper and | ower spring |obées % @ )
232) that are vertically spaced apart from each other with respect to said
card-receiving slot (206). 13. The connector as defined in claim12,
wherein said first beam nmenbers (233)y4nterconnect said upper spring | obes
(231) with said spring el enent body T portions (223) and said second beam

menbers (234) 5 interconnect said |lower spring |lobes (232) with said spring
el enent %bﬂ?rﬁB?ti5ﬁ§l 2?§F.SBilnﬂ%§Qﬁnﬁééﬁ%naﬁﬁﬁ%ﬁ@énéﬁ phderivm 12,

shereln gehg WPREL 34 | over S ng Lobes (3%, 292) L seh ko sald

3 Egaf‘“?ea'sé‘ér‘%bi{’}' 23058 daleCels/ 1L Sl AAW)s t P20 Pahd, YRges spring |obes
discrete length and further including a base portion
(223) and two spring arm portions (130), the spring arm
portions (230) extending from said springlet base portion
(223) and being spaced apart from each other to

35 cooperatively define a portion of said card-receiving
slot (206) therebetween, said spriné arm portions (230)
each supporting respective ones of said first conductive
portions (252) on opposite sides of said card-receiving
slot (206), characterized in that:

40 said spring arm portions (230) includes
pairs of respective upper and lower spring arm lobes
(231, 232) and the upper and lower spring arm lobes (231,
232) confront each other on opposite sides of said card-
receiving slot (206), such that each of said springlets

45 (221) further independently exerts a biasing force on

) said respective first conductive portions (252) to

thereby urge said first conductive portions (252) of said
contacts (204) toward said card-receiving slot (206) and
into contact with said circuit card contact areas when

50 said circuit card (30) is inserted into said card slot

(206) .



15. The connector as defined in claim210, wherein said spring arm portions
(230) apply normal forces against said circuit card first and Seg%WMRZMZ
circuit surfaces. 1 8 MAR 2002 32 16. A connector assenbly (200)
electrically interconnecting a first printed circuit board (22) having

el ectrical contacts (26) thereon to ajgecond printed circuit board (30)
havi ng el ectrical 5 contacts (34) thereon conprising: an el ongated support
assenbly (264) for being positioned on the first printed circuit board (22)
sai d support assen® er (UB)commgeePngea pebiaedt ynofladPstantially

I dentical, discrete resiljient support 10 menbers (265), the discrete
support HRMFELD R RS rer iy (B5Rapeddatogesierr om an end of said

support nbers (265 each djscrete su ort (265) having a body
por P on (SBEF AT VLS | 38 By ST | SASSTB8Y) (ERR) | B Bid ARG the.body
portion %%%?%%€g¥%é¥”%¥gg) applying a retention force to said

springlet base portions (223).

3. The connector as defined in claim 1,
wherein each of said springlets (221) includes a central
passage (270) extending therethrough and communicating
with said spring arm portions (230) and said connector

5 (200) further includes an actuator (261) extending
lengthwise through said connector (200) by way of said
springlet central passages (270), the actuator (261)
being operable between a first and a second operative
position, wherein when said actuator (261) occupies said

10 first operative position, said actuator (261) exerts an
opening force on said two spring arm portions (230) of
said springlets (221) to therxreby spread them and said
) first conductive portions (252) supported thereon
outwardly with respect to said connector card-receiving
15 slot (206) and, wherein when said actuator (261) occupies
said second operative position, said opening force is

released from sald springlet spring arm portions (230).



15 nmenber spring armportions (268) being spaced apart to define a

| ongi tudi nal openi ng therebetween for receiving a portion of said &R0
printed circuit board (30) therein; 1 said discrete support nenbers (265}
being 20 arranged in | ongitudinal fashion to cooperatively define a I ength
of said support assenbly (264), said gengitudi nal openings cooperating to
define a second circuit board-receivimg openi ng (206) extending

| ongi tudi nally through said support assenbl 264) ch 25 of said
di screte support nberqﬂﬁhFﬁﬁh§QQﬁﬁ ?%c@%é?% lEeﬁi?éW épeni ng (270)

di dth th te th h f d t ﬁb

arm por { FOREeLR] S8 oh e SO0 S e 1 S0 TREKNE| 870, POALLPYS(J8701208)
ted 30 d 64 bl e t 204

el udi n828 RFUERC TR A R A (Sorgei Tt SBEARHLES: B8 ng

el ect 11 cglly cpancp 5§q % L6 ShREtLeahaoROLAGt 5430) pak 0al o 1t

printed IFCUIt boa en sai d connector asse is mounted 35
to said first printed CIrCUIt board (22), said electrlcal conductors havi ng
respective conductive portions (252)

5. The connector as defined in claim 4,
wherein said first beams (233) interconnect said spring
arm upper lobes (231) to said springlet base portions
(223) and said second beams (234) interconnect said

5 spring arm lower lobes (232) to said springlet base

portions (223).

6. The connector as defined in claim 5,
wherein said first and second beams (233, 234) are spaced
apart from each other in a direction transverse to said

card-receiving slot (206).

7. The connector as defined in claim 1,

) wherein said electrical contacts (204) include extents of
flexible circuitry (207, 208), and said first and second
conductive portions (252, 253) of said contacts are

5 disposed near opposite ends of said flexible circuitry

extents (207, 208).



associ ated therewith, said flexible circuitry (207, 208) being positjoned

on sai d support assenbly (264) such that said conductive portions (26&MAR284
positioned on said 40 discrete support nenber spring armportions (268) on
at | east one side of said |ongitudinal openings thereof and of said second
circuit board-receiving opening (206)280 provide an el ectrical connection
with the electrical contacts (34) on said second printed circuit board (30)

45 when sai d secon rinted circuit board 0) i,s.received_within said
support assenbly ( 62) SHW YT RT ete %%Eb%?? ﬁEnﬁi?lWoﬂgitudina

openi ngsrgharactensed i dha sal 0 coonesler cassarbly. (200 Jpackudes: an

act uat or 0] lroned 1 n an hI’OUQ Sal cret'e support

menber bB@%t@@Hiéﬁﬁéﬁ?@iﬁ?né%&i" sé%50227§ ighéﬁt%gﬁaragggéloqeing

oper abl e“between second positions erern en sai d actuator

(261) is i ai:d, f:i PS4 i ; ) g Ld discrete
support é§%%2rl% fjg%%E%P§%%%ﬂgi<53%£?€£§ga£8$}€§§$ép??gg g?ﬁ?%@?tions

6230) and aXht >N G ON theMmd cospseed EhenMuashvwardhy avkticbespect to
each other t0 increase the size of said |ongitudinal openings to thereby

permt in2enti A tikereiim of st bsecandverposediehr.cuit board (30) with
substantially zero insertion 60 force, and whereby each of said support
menbers (265) individually applies a discrete contact force to said second
printed circuit board along the length of said second printed circuit board
(30). 1 17. The corfhect Fhassemibtgtof @$adefliged in claim 1,

further including an elongated retainer base (227), each

of said springlets (221) being at least partially

supported in their extent between said connector end

portions (202) by said retainer base (227), said retainer

base (227) including a channel having two flanges (228)

extending therefrom, said retainer base web partially

supporting said springlets (221) via their base portions

(223) and said retainer base flanges (228) aligning said

springlets (221) together lengthwise of said spring

assembly (220).

10. A flexible printed circuit card connector
(200) for providing an electrical connection between a
plurality of first contacts (26) on a primary circuit
board (22) and a plurality of second contacts (34) on a
5 secondary circuit card (30) having an edge (36) that is
insertable into and removable from said connector (200),
said circuit card (30) having first and second opposing

circuit surfaces, at least one of said first and second



wherein said discrete support nenber spring arm portions (268) aregMaRqsy
apart a distance |less than a thickness of said second printed circuit board
(30). 18. The connector assenbly of claim 16, wherein said actuator (261)
has an eccentric configuration. 19. A connector assenbly (200) for
electrically interconnecting a first pginted circuit board (22) having
electrical contacts (26) thereon to~a~second printed circuit card (30)

e e S
1621 d spring a3s8mply, (330) LY Wit & U WA Yo flpridifgMAR 2002 35
a connector housing including two opposing

end portions (202) that define a length of said connector
(200), a contact spring assembly (220) extending between
said connector end portions (202), said contact spring

15 assembly (220) having a card-receiving slot (206) that is
adapted to receive said circuit card edge therein, said
connector (200) further including flexible circuitry
(204) extending lengthwise along said connector (200)
between said connector end portions (202) and on opposite

20 sides of a centerline of said card-receiving slot (206),
said flexible circuitry (204) being supported upon said
contact spring assembly (220) in partial overlying
relationship therewith, said flexible circuitry (204)
including a plurality of first conductive portions (252)

25 disposed thereon in spaced-apart order lengthwise along
opposite sides of said card-receiving slot centexrline,

) said contact spring assembly (220) being made up of a
plurality of discrete, individual spring elements (221),
each spring element (221) having a predetermined

30 incremental length, each of said spring elements (221)
having a base portion (223) and two spring arm portions
(230) extending from the base portion (223) and disposed
on opposite sides of the card-receiving slot centerline,
characterized in that:

35 said connector (200) includes a base



substantially identical, discrete resilient support 10 springs (fﬁ%g@
arranged | engt hwi se al ong a base nenber, the discrete support sp @21)
bei ng further disposed on the base nenber spaced apart from each other to

t hereby define a | ongitudinal opening therebetween, the |ongitudinal

openi ngs between said support springs3§221) 15 cooperatively formng a
card-receiving slot (206) along a Iength"of said spring assenbly (220) for

receivin% portion of. said second nted circuit _card (30 thereln
{Fexi bl oHEMERE, (A7 SS0AS HRAHART G Ly SOSRFFRGE aEB8nBry Cio58) |t he
fl bl t 04 | udi | d;
el ot i odr "Bna RSt 495 meavbé‘%i’g‘&%‘?v@aﬁ# A Sshidefea R0 e%‘%a@ﬁect (i cal
t act f t t t 200
o moun; S4° Shaned et it CFrRh) (OBE SR YRRy PR SRR L (Y

conduct o ¢35 hayl ng, ﬁ%ﬁt% Idié'fz%%§dpﬁééeoﬁl§mﬁ>g§2th%5.3) associ at ed

therewith, sard exl cir try bei ng positioned ? on said spring

4855enbl ¥ 62200 HIG halp sad SnnAlGE | NEsBOpbEERSE25RE 85 PRSiild oned on
at | east one side of said card-receiving slot (206) to thereby provide an

30 el ect che@anedomegide Wid) tde Bégstrpsatiaoniaalsghds)y eaisni d second
printed circuit card (30) when said second printed circuit card (30) is

i nsert ed sipatises & lkneartl eCx2 V)i ngishota¢R06 handalene véed Wetkithh <f d spring
assenbly discrete support spring |ongitudinal openings, 35 characterized in
t hat : a8 dVERM2BAIZB6 A suppbdt sppinggsleR@hyshdweldi $uintdterupper and
Iomer card-contacting portions that contact different portions of said
rcuit Sedag ¥drsgertowareds cspidt easdr decaivingcsileitnd 28160t sUEd6) , t he

ort
PP that when said circuit card (30) is inserted into said

card-receiving slot (206), said spring arm portions (230)
of said discrete spring elements (221) springingly engage
said circuit card (30) and apply a plurality of discrete
contact forces to said circuit card (30) to bring and
maintain said flexible circuitry first conductive
portions (252) in electrical contact with said circuit
card second contacts (34), each of said discrete contact
forces being applied within said spring element discrete

) lengths.

11. The connector as defined in claim 10,
wherein each of said spring elements (221) further
includes a body portion (223) supporting two of said
spring arm portions (230), said two spring arm portions

5 (230) being interconnected to an associated spring
element body portions (223) by respective pairs of first

and second beam members (233, 234).



40 spring upper and | ower card-contacting portions (231, 232) of SE@]A 7
i ndi vi dual support springs (221) confronting each other on opposit 8(2@0
of said card-receiving slot (206) so that each of said support springs
(221) individually applies a discrete contact force through 45 their
respective upper and |ower card-cont ag'_[l ng portions (231, 232) to said
second printed circuit card (30 T
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rPY&109%8 > & | NBYf &E09& fs YUEH &) "as defined in claim 10,

wherein said spring arm portions (230) apply normal

forces against said circuit card first and second circuit

surfaces.
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10?&5&&-?;0AK]K]&'(2 $ connectg§ assembly (30 for
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5 contacts (34) thereon, comprising:
an elongated support assembly (264) for
being positioned on the first printed circuit board (22)
. said support assembly (264) including a plurality of
substantially identical, discrete resilient support
10 members (265), the discrete support members (265) being
generally U-shaped as seen from an end of said support
members (265), each discrete support member (265) having
a body portion (266) and two spring arm portions (268)
that extend from the body portion (266), the support
15 member spring arm portions (268) being spaced apart to
define a longitudinal opening therebetween for receiving
a portion of said second printed circuit board (30)
therein;
) said discrete support members (265) being
20 arranged in longitudinal fashion to cooperatively define
a length of said support assembly (264), said
longitudinal openings cooperating to define a second
circuit board-receiving opening (206) extending
longitudinally through said support assembly (264), each
25 of said discrete support member bedy portions including a
central opening (270) disposed therein that communicates

with each of said support member spring arm portions
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17. The connector assembly of claim 16,
wherein said discrete support member spring arm portions
(268) are spaced apart a distance less than a thickness

of said second printed circuit beoard (30).

18. The connector assembly of claim 16,
wherein said actuator (261) has an eccentric

configuration.

19. A connector assembly (200) for
electrically interconnecting a first printed circuit
board (22) having electrical contacts (26) thereon to a
second printed circuit card (30) having electrical
contacts (34) thereon, comprising:

an elongated spring assembly (220) for
being positioned on the first printed circuit board, said

spring assembly (220) including a plurality of
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printed circuit board (22), said electrical conductors

25 having discrete conductive portions (252, 253) associated
therewith, said flexible circuitry (204) being positioned
) on said spring assembly (220) such that said conductive
portions (252) are positioned on at least one side of
said card-receiving slot (206) to thereby provide an
30 electrical connection with the electrical contacts (34)
on said second printed circuit card (30) when said second
printed circuit card (30) is inserted into said card-
receiving slot (206) and received within said spring
assembly discrete support spring longitudinal openings,

35 characterized in that:
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different portions of said circuit card (30) when
inserted into said card-receiving slot (206), the support

40 spring upper and lower card-contacting portions (231,

232) of said individual support springs (221) confronting

each other on opposite sides of said card-receiving slot

(206) so that each of said support springs (221)

individually applies a discrete contact force through

45 their respective upper and lower card-contacting portions

(231, 232) to said second printed circuit card (30).



