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PCT/ US95/ 4298¢h7413 5 ELECTRI CAL CONNECTOR ASSEMBLY BETUSPSERM FAVED
MULTI LAYER STRUCTURE AND FABRI CATI ON METHOD Field of the Invention
The present invention relates to electrical connectors and, nore 10
particularly, to electrical connectors for making high-density, separable

I nt erconnecti ons. Di scussion of Related Art Many

el ectroni c systens enploy printed circuit boards and flex circuits 15 to

integrate a variety of h package.
In electrdhic systén%c Eﬁﬁggzﬁf Mgggé;% gajlts it is
necessary to provi dMEL Bl

i nt erconnecti ons between printed circuit boards and ot her printed

circuit boards,_zrlnted circuit boards and flex circuits, flex

circuits and o its, and either printed 20 circuit boards

or flex circuits an fih TSRS jestricA€onnectors arid)inisreonnect i ons
[ 3h§bﬂ%én §é 0 ng@

can be made directl e use I'es having end connectors.

Printed cygcui gaﬂﬁeﬁ%ﬂ §, td élevtricilrconhéctors dorimaking digh-density] sepamble:t i ve
system conponehts . requiring interconnection, will be collectively referred

to her eimterasnrieetiens. r oni ¢ devi ces. " The conplexity of printed circuit
boards, flex 25 circuits, and other electronic devices and the space
constraints present in nmany el ectroni c systens, such as conputers,

require el ect rp' cgl gQFEFﬁéﬁF%gaﬁ_ﬁeml I es capabl e of meking a | arge
nunber of inte limted area and “ volune. In .
addition, it is ordiMaly dixctfonitisysetns émploy npuhtedlmmunuhoardsmdﬁb@tcmmts
assenbl i es be nade separable to enabl e the el ectronic, devi cias t@ﬁge

di sconnectgd atmlmtegraﬂemwmdo dyare A Circyiten N2 sgls, Med

modi fication. tis
PCT/ US95/ 1299410 electronic SYS“’—‘“S }‘é‘é‘% pripted circuit boapds gr flex ircults, lslepar abl e

electrical con ﬂ@&*ls%'y V] ﬁf'du?ﬁé €lectrical connector assembhes to make interconnections
between printed circuit boards and other printed circuit boards, printed circuit
boards and flex circuits, flex circuits and other flex circuits, and either printed
20 cifcuit boards or flex circuits and other system components. The
interconnections can be made directly or by the use of cables having end
connectors. Printed circuit boards, flex circuits, and cables, as well as active
system components requiring interconnection, will be collectively referred to
herein as "electronic devices.” The complexity of printed circuit boards, flex
25 circuits, and other electronic devices and the'space constraints present in many
| electronic systems, such as computers, require electrical connector assemblies -
capable of making a large number of interconnections in a limited area and
volume. In addition, it is ordinarily required that such electrical connector
sembhes be made separable to enable the electronic devices to be
30 dxsconnected and interchanged for purposes such as upgrade, repair, or |

modification.



presently exist. One well known type of electrical connector assenbly is
fabricated using MSA (nold, stanp, assenble) techniques. An NMSA connect or
assenbWOPYb*hi 1y includes a plurality of stanped netal PSFAUSAY1®8ht act s

.that are 5 assenbled in a nolded plastic housing. -Anot her plastic
housi ng i ncl udesSéveral types dfl higldensity fepataMeldctridhl dondestONiaREMBli& | gned
with the spring contacts. The housi ngs are attached to electronic

devi ces andpresgimtiycRKisie £ne Well kpowin syne; of glectrical conngstarmssemplydnt act s and

mat i ng cont . L f i on. termnal uch_ as,. sol der -
termnals, %ﬁé\%té‘gahgéﬁ{lggqﬁ'@@é’csg@?ﬁﬁg;@@ﬁF?ﬁﬁ'&'&“?s_acf‘g Lﬁ$é ‘i_‘?Bﬁ ¥4 in 10
0pposi Ng pajsksmblytypiedl ivludes a Plurdlityt 6F stafped/Mel Sprip Eurisced thet yrehol d the
mating contacts Upon engagement of the plastic housings. The conpressive
force df thassepbleddn eanelded plastic housingat Angtheoplastia boysmgvindladessa cont act
force that . kes the desired intergonnections between fhe electronic
devi ces.  Plurality of staim SIRRDE CQRiRcts | o &?ssgﬁﬂgf"?@jcﬂﬁ € used with
general ly ; | : I : 1 um FAt ction
densi 11 o, B arCaBihel 1o ERHYE abibes G hBP Sl 167 BRARRAEC! ! ©

i nt er connecthe @pring dentagts asd imating @entdcts to intercofimeetion iteralihals, suclylasr

I nt erconnecti on densities ,reegui re that the stanpped netal ~..contacts
have smal | esoldsrAeraningls oprgxpded onsthe dgvices. gthe spriRgsongact yRmRUNsednt hi n t he

sanme hgusin o I¢; C. Ly il L msy”
contacts ZO&p%gﬁgﬁJ a%:rgﬁﬁ(ri g%’ﬁ%??%ﬁégéﬁ f](o E%ér%g% %bdlséeorn%éﬁ‘%l}ég?ldc%%t a_)ét force
and i naccurghgng contacts porgérgapemeit ofahé pasEOnbwiigs. THeecdmprBRivenunber of

contacts al so increases the . part-count per-assenbly and produces a
nmuch finer foreecof thespring cenipcts enthe mating contacts pravidesiaccantast ersethapar t - count
results in high nuf.acturing costs and.. . . -qreat.er conplexity. The
finer pi tcH“ﬁffeégh%ggs‘%dilaﬁé’m _P&Bb&%“ﬁé‘?%‘&ﬁ"?gcsmﬁa%i ng contacts. The
probl ens conbi neThOMSALYR doRRedtbeasderhb rrswi&elgtu@m)wmgeneml and assenbly
process. For exanpl e, an MSA-type conneCtor asSenbl %r ovi di ng

t wo- hukddr e csatisfactocy reselts farrewrtosnedismdnterapnhectibnadensitieg, ot suffers st anped
and assenbl ed for each plastic housing. Each: sianped contact nust be
in_serted_coﬁ?@&?%?ﬂtfﬂ@?ﬁﬁé&?d“ﬁ&ﬁpmm g_‘g_f%?déﬁfeﬁ?dprecis_e .

al i gnment vgidicicfly, higfleTiterdhrieOirdidnsiris réififd! et thb QiRipRE mey N oner

i nt erconnect’i on densi 1 es, _ _

2 WD Afontabéslihve smaller sizes in order to fit a larger number of contacts within the
PCT/ US95/ 12994 . alignment tolerance nay be as |ow as a few
t housandt hssasfe hausingspaces T hereduged, sizes produgesirustusally oflimsye cagfagtng.

one of ¢ ne LREHAGESHLR IS AP Wil cone ot AR o ances By any

alignment of mating contacts. The higher number of contacts also increases the

part-count per assembly and prbduces a much finer pitch between adjacent
contacts. The increased part-count results in higher manufacturing costs and
greater complexity. 'fhe finer pitch produces 'aligriniént problems between

25 maﬁng contacts. The problems combine to reduce the yield from the stamping
and éssembly process. For eXample,.'an MSA-type connector asSerhbly

| providing ;wo-hund;ed interconnections must ha\ie two-hundred contacts _

stamped and assembled for each plastic housing. Each stamped contact must be
inserted correctly into the plastic housing, and placed in precise alignment with

30 a mating contact in the other housing. At higher interconnection densities,



reject the entire connector assenbly as defective. 5 ' “ne
vari ati onyab od/f¥a13VBA-t ype connector assenbl'y substitutes a BFFYPY/12994
flex circulrt layer for one ofiithe plastic housings.*The flex circuit

toypical ly _includes cont.ac ads on_ one..s . tal.zsprings
provided i n t radignment tolgraage; reahéeug? ﬁ’é’v Bsfa??%ﬂk?é - %;&%eof(%ﬁ@?‘o?ﬁ 2
conpressi vel y n@Ysing. Deviitioh fidm aodepable diantasiondlareby maki ng
desired int erc@ﬁ%@%??%ﬁ@hge'tg@g% the flex 10 ém.Ipciﬁ,'ri':c:_ui t and the electronic
devi ce coupl edpdsitidnaktobgrances byany aoe of thehssampedymgiah gontacts can D% BRUSE R ngt h
consi derations pertinent to the conv%Ptlo&%I MBA-t ype connect or

assenbly are stejact the entife eonnector asETDLY a8 OGIBCVEA of r angenent, but the

part - count i [ tht EesemblyCitbbtitutds aasingleat el y,
flex circilts used éﬁgﬁhﬁéﬁ"byﬁw%ﬁ%gy%c@gg%r abl'e connector typically
provide only afégeurélZRpecRnone of thbslastic msings.alrhgmmrcpn@m@a&g

the interconnection density that can _be achi t her

eved. . . .
type of connecingludas sentiitypadnpn 698 S‘Hf%ﬂaﬁ%‘“ﬁfﬁ@ﬁ@'} springs provided, f'ﬁ@?omer

structure to nake.interco Clj e ' -Gl i and
flex circuits. P}?ﬁé‘; gq‘ﬁm%&éﬁgi\{[%ﬁ%gg?fédrﬁéﬁgséﬁ%gmﬁg#&gqggp \?\gen cont act
pads provided gn.g {drtact phds; Yhéreti thakingldesired invetcormectionsrbetwveat the fleai t

board. A 20 precisely sized plastic or metal housing and pressure bars
are ‘bol t eggi nt eirlinar the electrovicatevicesouplast ita the) Peing eOREACtS: HIEANBEENbN.

Thi - axi | ast -t ) tor. i |
T oL LR o o i ML
mich hi gher coa%?ﬁ]él %%kipiae&ncgﬁriﬁqwmlwoMSAm ement, buetheactreaunt ype

connector asse are frequently used for connection of 25 | iquid
crystal di spl ayshdiedy theaske of tiruflex ticauitisUnforumately, Slexiritsyith usadon this

assenblies often can be fromthree to seven,inches Jo { ' t
is a stypeidf scammprcganmrttpfalf%afqvéiﬁﬁfﬁy A °Y'31%EE‘:1 OF%‘\!Vﬁ“‘V"% d%‘ﬁ“eﬁ? re
connect or align%gt?temmgn@gfg I{I?E ?ﬁerc%ﬂﬁ%%i@ﬂ 'deAdity R8¢ chn'RAdchRved! € and

vol une camdbe € ‘connector housi'ng, pressure bars, and

speci al equi pment  of4fitherifpe of EIMEAEAALeinblycemplogs przapis condigiveent .
Finally, although the z-axi's el astoner- ] ) ..
3 WO 96/ BRéfdiner structure to make interconnections between printed circuit boards and

PCT/ US95/ 12994 . typ : |y, | ' bl e,
 practical maflesrciraite The Xy Ganenet DRCATY utRdRAR BERREORAECD! € o

connectron of suc

connect or _assenplil a5 videdh § HEK LircsltEind Gontacts padstend rihted biranid bodrdgnivent

probl ens at fi act pitches and problens in usi ng the
cunber somghar gyediselpsized phisticloninietal hbesing ant:pressure bars are bolted into pRER her
type of connector assenbly used for connectiQns bet.\éve

n
over the z-axis ‘elastomer interconnection. This z-axi1 e?astomer—type connector
assembly has substantiaily fewer parts than the MSA-type connector assembly

and can achieve much higher contact densities. Consequently, z-axis

, limting

elastomer-type connector assemblies are frequently used for connection of

25 liquid crystal displays to printed circuit boards. Because such conngctdr
assemblies often can be from three to seven inches long, however, alignment is
a sigﬁiﬁcant problem that can result in rejection of an entire connector
assembly. In addition, subsﬁmtial board real estate and volume can be
consumed by the connector housing, pressure bars, and special equipment often

30 necessary to ensure proper alignment. Finally, although the z-axi; elastomer-



printed circuit boards enploys an edge connector on one of the boards. The
edge connector typically conprises a plastic housing nounted on one of the-
pri nt ed WO P& boar ds and contai ns stanped netal spring BERUSEYR9%43s in

t he conventional MSA-type connector assembly. However, the other
printed 10 typé b6ntiettoP @ssethbiyiyl dﬂﬂﬁﬂe&d%ﬁa}hblﬁ,a@ksa ptactical dategmeof either
one or both Sides of . . .the.bgard. The printed circuit board with the

cont act padscongegtipacandtiscgnpestion pf such connpelppasspabliesistdifichl @e sy on t he
ot her board._The st. [] tactks + Q0T | yel v .engage
appropr at o oAt EbOREFDeREAHioFRAL b copact pERPRHRE Blobfens

i nt er connect jsaipsthb@unBeromithabdwitt @8soeiatsd with BRAEshectbt.ke the flex-to- MBA
15 connector assenbly, this edge-connector assenbly has fewer parts but

still 5 suf f &ncthér type af copnestor asserbly nsadgfon connsitienssbedwedn ne cont act

pi t ches. . . ... The variety of problens:encountered | sting

el ectrical JUiedeigguit boargs_eragll&gﬁ%ql - cqnngetor gq Pﬂﬁf’ghﬁl bz nﬁé"s, cont act

m sal i gnment EXAt Y AQIRS L rres g wéfe MG Eed ' hi gher

i nter con-nectﬁdgggggééﬁr;y?lg%&i%%%%?g a C%%é e%irg%st r alt&él G;I}'Fﬁxgeeéél' t?‘?)r an

i nproved el guimed eircuiboards ad esdanditgmpedimetal spring eoritacts,| arin thdiere is a

need for an electrical connector assenbly capabl e of ,ztae%hi evi ng high

i nt er connectqosxeional MSAstYReoonBeAion Assembly o | HeweveE othe athar prin :
reliabidjty, . | : AR I &8s 25

~ Sunmar dof t%l%%ﬂ;b\q/’en Iﬁxgﬂ}&?éér{t‘)(ct ﬂa&glﬂﬁﬁg ﬁﬁ \%Ia é%vogéﬂlekgﬂ?g’?gggﬁ S{:Il&geesporfobl ens

associ at ed wh¢ Bogdi SThegrimbd eirtii¢ Bbard with the copfaBEpddsris aseredliredlyconf i gur ed
for high-density, separable interconnection. -~ the present invention
rel ates to dntocthe plastic Spusing pe thoethexbeard) T hestamped-spring contactsnt er | eaved

mul tilayer structure. and a_nethod for fabricati such, an electrical 30
connect or as‘?&?ﬁ???v%ﬁngaﬁ? 8??’880&‘8 %Wf?%d}@f‘aéﬁgﬁl& maﬁe g}fndeﬁVS@i de a | ow
4 WO Sf{etcithhdctions between the printed circuit boards. Like the flex-to-MSA

PCT/ US95/ 12994 . - profile, lowcost electrical connector assenbly that
achi evel$ hi gionnector assemblyg this edgd-conndetos assgmblyt hasfewer partssbutgtilent and
reliable el ec} i cqnt act - the interleaved nmultil ayer

cal ... Eor- pl e, .
structure caif! E_SC 2 %&a‘%m@ 'f}f@gﬁ%@@ﬁ?ﬂ@gt%ﬂ&@@@ﬁh@&h&p | ayers, such as
| nexpensive print ﬁéﬁ&%b? g}ﬂéﬁferwbuﬁﬂe%w é)ﬁ%ﬂngselecﬁri%al cBhfedred in a
e. con ncl u u

| ow profil e stack. nector layers may "I e conductive
assemblies, e.g., structural weakness, contact misalignment, complexity, cost,

and size, when faced with higher interconn_éction density requirements -
20 demonstrate a need for an improved electrical conhectb_r’ 'aSSémbly. In

particular, there is a need for an electrical connector "‘_iSS'embly capable of

achieving high interconnection densities with equivalent electrical contact

reliability, redu_t:ed domplexity, reduced cost, and reduced size.

25  Summary of the Invention |
In view of the foregoing problems associated with existing electrical
~ connector assemblies configured for high-density, separable interconnection,
the present invéhtion relates to an electrical connector assembly having an
interleaved multilayér_s"tructure, and a method for fabricating such an electrical

30 connector assembly. The interleaved multilayer structure can provide a low-



contact surfaces on one or both sides'of each layer to provide:higher
i nt.erconnnggg)lrpuq?nsi ties. The disposition of contact surfa®ETUSHEIM
si des of ayer can fg] ax alignment tol erances for a given

i-nt erconnection density. ..., Neverthel Legl i nt can be
“ensured by theprnﬁée,dﬁwcf&ﬁ%?&%%&’“'i"@@m ﬁ%%%%l)c)lgrtgﬁpﬁé@‘: ?%c}ﬂ%es to print
t he contact sur . 1 widBresike AliEiment and reltabieceleatricalzopptast.can be
made from a reg':;qf&gﬁq[ef@sndg ar:t%mbl gﬁdi el ecli:?\ri c materjal . trllargl't when
def or med, pr odpgesxampley the intiritaved siultilayereSinichise Cam be fealiged, gy Aplurality |

return the material at |east partially t.o its I :
congect or’ of éotmy@pg layetsy F‘E@’cﬁﬁl RCXSPYYE b&“@%ﬁ%&ﬁé&gi ?tggﬁfléasmgén be

engaged in_an 15 _ Lntenles @21k Ofhe EBtnectot efs 08¢ Inchidewondsctivehus,
when inter? eav%‘aa“ged m%lé\ﬁ/ agglrgent of the cmne?tgor Igf(er s. produces

def ormati on, t Rgnth@Shifabedn difecsr both sides abeachdayes to prayideigBnect or | ayers
-agai nst one another to ensure good el ectrjcal an oL LE.

Addi ti onal feaﬁmexesnmdoad@%ﬁiﬂlﬁge'Eheo‘ilsM@%‘éfs‘é’macf ﬂ{)’g"ﬁ# §§1B\?\n l&%'eofsaet 20
forth in part in the descr,ipti 3hrddan&dion dénkity.be appar ent
from tWCHE%F&H&@Eﬁ{megpt&%%%%%tgﬁvgg by practice of ){ he present

i nvention. The \. ertheless?PrediteatigAment dafitbersnsared byithe ass ofeonwentionsk real i zed
and attained by means particularly pointed out . in the ‘\g{théten
descri ptiqp andirmdgraptic tehmigtes asprinsithe eantact surfaces; it KASLIMGYS® dr awi ngs.
25 ' To achi eve the foreqoi.ng adyas e Wiccredhed and
descri bed her ejconnecter IEYQ%S?'HI’?. fiff aﬁ?sg@#ngﬂs&f?ﬁﬁg - ?iré%% enbodi ment, an
el ectrical connectg R Eds S fodcetthht fesistsaieforamation, ©hdmgitar e havi ng
at Ieagﬁgta“{fhleg%‘? co%’e tor layer, the first connector |ayer having .
an edge porti Ofeprn the maRfidl & lpdstpattiatly toits sodeformed, #aontheconstrtPhces
di sposed al ong the edge.portion, 30 and a secongle &?é}g&?h%n structure
havi ng at | eastlayers pravidesdiniQpPPsite camRectpyftructures can
> WO 96/ 1.r413 i i ds. Thus, when interleaved

PCT/ Us95/ 18994 interleaved fasltigp,mugh. fike afleck of cards. & and third connect or

| ayers having aéhgﬁg?ﬁerﬁqfttﬁ@ébnnector Jayaiscpredudes deformation, the sesisting\fercont act
_surfaces dispose [

ong the respective N edge, portion, and e f the
second and t hi r seressrtodidscthe connector laxeryagaingt gne anothér tReFPé‘P’F%“g&beg%é‘P of
resilient deformation, wherein the second and third 5 connector | ayers
define a gap t heanidsd fQRSEn adj acent the edge portions of the second

and third connector laueiS. R Rd%idvaithgesidfthé presemdnvention aillbeiset
20  forth in part in the description that follows, and in part will be apparent from

the description, or may be learned by practice of the present invention. The
advantages of the present invention will be realized and attained by means
particularly pointed out in the written description and glaims hereof, as well as
in the appended drawings. |

25 ~ To achieve thé foregoing advantages, as broadly embodied and
described herein, the present invenﬁon provides, in a first embodim:nt, an
electrical connectdr lassembly éomprising a first connector structure having at
Jeast a first connector layer, the first connector layer having an edge portion
and a plurélity of conductive contact surfaces disposed along the edge portion,

30 and a second connector structure having at least second and third connector



oriented to engage the gap upon engagenent of the first connector structure
and t he second connector structure, thereby coupling at | east sone
of the WEn®id#idve contact surfaces of the first coffAEEEB129%yer to
at | east sone of the conductive 10 contact surfaces of the second and

- third connegiyeks, leaebFthe second and third colReRtd? 1878 havify 8R eligéiportioni des, in a
second enbodi'ment, an electrical .connector. assenbly conprising a
first connean(bla ;éumhtymfr@nﬁwmw:oatac; surfaces flispesed along the gespeetive and t hird

connect or ers, _.each I rst nd, and t connector
ayer s havi B8 eanéfaa Boensbachat i, feehng REF B4 oPBBerbl e Biminglucingii ey 15
‘surfaces di $posed offh‘iﬂféﬂgéefﬁﬂﬁiﬂdhnwﬁei’éin%l%?ﬁ&én&%mﬁﬁfdor | ayer being
di sposed adjacent t e flrst connector |ayer, and. the third connector |ayer

being 5§ conhs:msleybradg:ﬁxmgap therebetyered admaudhoedgeapmtxom)pbﬂxet e the

first connector rein. at, | eas ach of. th first and third
| ayers i ncl mda"“ﬁég’éql Famnee@ﬁ%eés @Pd wherem t‘t‘%gfqt F@?ﬂect%f Yt i on, and

wherein the fj éﬁé@%ﬂga?gctf?@g g“%‘“‘et.o eaﬁhéipwtesm?& tor steichud &id 93P

t her ebet weef a ja the I TSt an second

connect or | gesetondrbchriebior seactort, ahﬁiebwwmblmglantea.kmrdeaofahe comductiee a second
gap t her ebet ween adj acent the edge portions of the second and third

connect or  contact Sm@f the dirst conpester layeria @t lnast-some-ef the capductiye at | east

connectfl 1 gt et ofoRE 3EERE 200 TR fonBBRPIerd "0 L7l 1 1, of conaucti ve

contact surfaces THeShe®atinve@itth profides, maseE:@:&D@lﬁbbddﬁleﬂd%dléUtﬁwn wher ei n
the fourth and fifth connector |ayers define a - - hlrdgp ‘

t her ebet weecosmiictrassembiy congeisipg a: firsheonsecton etm;umethavmdatfleafst first,
connector | aye erein the fourth dflfthc or, layers are
ori ent ed sécon tB"‘gﬂlj NAEEOF {aYELS, ﬁ@gﬁmtgm %@p Bively, upon
engagerent dbnidiforliayetd halfing an GAEB6O ahl alflialify fcoridligtiveabde connect or

structure, the secon

6 190 96Ghfdcks Uisposed along the edge portion, the second connector layer being

PCT/ US95/ 12994 connector layer_is orient to age the .third gap
upon engageisposest adjarent thedirst connecterlayer, @pd ﬂéﬁ&’l‘!@t orclayerbeing ond

connect or sty t onducti ve
contact sur fdaﬁé ‘{?HF@ (ﬁ'(a%hh%q?ﬁ%yer oR: gltkeg@% ﬁr'g‘PéH?,Ir.Q&o} ﬂ9tlg at | east
some of the vﬂ‘%ﬁéiﬂ @.i least &@nbﬁtﬂe fitst aued thérddhydrb éndhides ta, maeﬁﬂmipalﬂe of and

third connector slyers | n a third enmbodi nent, the present
i nventi on pmxhem eformation andcwherein the firsand seeand @mré@rula&eré&#ﬁm sing a

Cor i1 on0anG Scfist g Hetepetifoch affsedi 0 SR porliBHCYf the firy 28 Seliha® 17t edoe

connector layers, and the second and third connector layers define a second gap

therebetween adjacent the edge portions of the second and third connector
layers and a second connector structure having at least fourth and fifth
connector layers, each of the fourth and fifth connector layers ‘having an edge
25 portibn and a plurality of conductive contact surfaces dispbsed along the '
respective edge portion, wherein the fourth and fifth eonnector layers define a
third gap therebetweeh adjacent the edge portions of the fourth and fifth
connector layers, d wherein the fourth and fifth connector layers are oriented
to engage the first and second gaps, respectwely, upon engagement of the ﬁrst

30 . connector structure and the second connector structure, and the second



di sposed along the first edge portion, wherein the first connector |ayer
i ncl udes wi@oer17488 Mat eri al capabl e. of résilient deformati onPCHUSEHEHY
connector |ayer, the gecond connector |ayerhaving a second edge
portion and a plurali | t eRte$ of thesed
al ong the sec&ﬁﬂ"%cg%rel%%rﬁ% Pgﬁr,nedv\ﬁ%%r&g%%%ﬁé mdcﬁe‘a?e‘ceggi connector |ayer
i ncl udes a mat@phsttorcstivetire and thessetdrdecdnndetbo stmeturen thereby couplingiata gap
defined between the first amrd, second connector | ayers adj %nt t he 15

edge porti ons ledst somme Pf ther cORHUCVECORIACE es of thFafg\é?}é ,3“4 ﬁg‘ d’gﬂn?z‘?rng
oriented to enga d t R¥cdn@up! i ng at
| east some of l?msmﬁqe&%é@‘ﬁgﬁgﬁkv%&@gﬁf\%c&nﬁﬁ ?lg'g%dség gfﬂ'{eﬁsﬁ rst connector
| ayer andgt he az;%q%&’connector lgggiect or | ayer to conductive contact surfaces
associated with the-second connector structure, 20 ) In a
fourth enbodi ment, Intethindesmaboadimente the presest inveatian proyides an elestrical

Compr i g donniqipeschicBise SomPHSIng AL SBTERaF 13 TE A onh TR
structures by ﬁ"% %Hrt]tgﬁgé’%?rtion and f%f@ﬂﬁt)j S tondubEveddonedct sirdaces f i r st

connector | ayer, uralit conductive contact surfaces
in each of a plispaakd alongfthe figst edge pdrtichewherest thedirst conpegtoclayer inglpdes and
separating sections of the first copnnector layer to form the

pluralitylldf thmaterialcanableeicesiientdeformation, a serond Fonperiordaysr; e

i ncl udi ng one of the req] . bl ; egr, and
fornming. a pl ur%?%cwegtgﬁgﬁgpﬂbﬁﬂé ag&%ﬁ}g@%@?@ﬁ%@ﬁf@g‘%{ﬁg plurality of

steps i ncl udi ngyraLeWelidntach siereaesdisposed alorpothesedont edgel partioni, whersimnect or
| ayer, each of the second and third connector 30 | ayers including a

mat eri al capabthe seéondanhéason layestipeludes »materisl ganagleofpiesitigny deformation,
7 WO 96/ 17413

PCT/ US95/ 129942nd a gap defifed hsferny the £irst And second songectar layers adjacent the

pluralityof rggl fpb’?ti&fs dfiifie H2&URE second confédirEIayérs, thayap befngrdriengedao
plurality of cormductive contact surfaces in each of a plurality of

regions of theedgaped secondamnnectdmstaictyre ptherebgicogplingoateast seme of the
separation layers, placing the separatjon |ayers betwe Ehthe s(ﬁcond and
third 5 coeenslucdye conjadt surfaces Of thefizst %Réﬂt%tlaryﬁﬁ € $¥fi¥%Second and

third layers Sqnnectogﬁyieg L(Bg?n%ulg@ﬂe {:@%c?@@f%%g'ﬁssﬁﬂﬂ%da\pftﬁ file sbcip! anar wi th

the plurality yers, separating sections of the
stacked struct gsfhec®fGucthrd, he sections form ng one of the plurality
of second connector structures, and each . of the sections ifncl udi ng
one of th20regions i atfourtls ewbodimenhthe prmsentipesntiop povides a method for

- fabricating a plurality of electrical connector _assemblies, the method comprisirig

~ the steps of forming a plurality of first connector structures by a plurality of
steps including providing a first connector layer, forming a plurality of
conductive contact surfaces in each of a plurality of regions of the first

25 connector layer, and separating sections of the first connector layer to form the

plurality of the first connector Structures, each of the sections | including one
of the regioné of the first connector layer, and forming a plurality of second
connéctor structures by a plurality of steps including providing a second
connector and a third connector layer, each of the second and third connector

30 . layers including a material capable of resilient deformation, forming a plurality



10  of the regions of the third connector |ayer, and a portion of one of

t he separation | ayers, wherein the first connector |ayer is oriented
t 0 engal¢o WidiFgap _ upon engagenent of the first confEVAS/13%uct ure
and the second connector structure, thereby coupling at |east sone

of the condygthyfichod barthctSUFhasasn edéh of a pluraliffof fegfons GPMMESOARd | ayer to
at | east sone of the conducti-ve contact surfaces of 15 . the second and

thi rd connecbomectanjayes, forming a plurality of iconductive cortactsiefasesoinccachaf abot h t he
foregoi ng general descriptjon t he - foll.aow n et.ai |l ed description -
are exenpl aPuraily fﬁglgﬂgf’t&_&? tgﬁ&ﬁf’m}fﬁff" RS, p‘.'o"‘%“"rge%’ﬁf@tty \9@ of the
present inv ' | Al . : eSS hdtera 'tl'fétd'ee&,' d R&dDr awi ngs
The acconpa%?fédﬁ%fbdlr%\?\fﬁn’g@hgi? t?en%%ggggn?‘io)‘eggrgvi e a furt dejirn

under st gndi rgnmdctdriigyers esfori 4 stackedistroctune] the sedond ang dhried Byersn and

constitute a _ . part. of ‘this specification.  The drawings_illustrate
exenpl ary edsfininga@ngap therebetween s?b?%"ﬂ?’élé soplanar waith the PIURLitY 86t her with the

descri ption serve t pk.3i ' . kRed ' ' i ihan.

Fro. 1is aStfon Byfryll Sohdfing SectonPlf MY dackpd Snucdlfe (Ot -

el ectrical gesiyasforming sREF thelwurality of secbid tentrtior strictutespamdleathr uct ure,

I n accordance wth the present invention; . Fig. 2is a

partial schefahe sectiops ipelugingcanewas the esgiars of the second sqannqsésaérlam, one f or ni ng
part Ofmﬁ)hS@? 'ir%ggio%%'of PRRGE DnnSRSCAPLrY aRd S Yriih & Shie Of the

PCT/ US95/ 12%%%’3&3ﬁ0n layers, wherein fileTirstednfiedtot ayEF Rtdrienfddd6 enb ¥ 1hE gap second
exenplary e rment”o - an electrical Connector assenbly having a '
mul ti | ayer, upbhengagemedt of thadirstraonneator structure and theasecendconnectoe pr esent

I nventi on; - FigQg. 4 1is .a schematic. side-viewof a thiyd
exenpl ary efIuefFethergby ﬁ‘PPPg‘“g at kaétcﬁqn?ec | the GARICENE Cﬁ%‘é.%"r?b‘r@c ing a
miltilayer, Jngeh lcsmeifiwrﬁﬁeg% gf feastgsame of the @&ftﬁsc éﬂéﬁ??@#&%ﬂrﬁ&? opr esent

i nventi on;. 'S partia . ront perspective
vi ew of15t he tgd sebhd aad third connectoplayest or assenbly shown in Fig. 3;
Fig. 6 is a schematic side-view of a fourth exenplary enbodi nent of an
: It is to be understood that both the foregoing general description and the
following detailed description are exemplary_ and explanatbry only, and not

restrictive of the present invention, as claimed.

20  Brief Description of the Dfa@ings
The aécompanyihg drawings are included to provide a further
undefstandiné of the pfésent invention and are _incorbo’ratéd' in and constitute a
part of this specification. The drawings illustrate éxe_:mpla_ry embodiments of
the presenf invention and tdgether with the description serve to explain the
25  principles of the invention. I o
Fig. 1 is a'sc'hém'atic side-view of a first exemplary embodiment of an
electrical connector é.ssembly having a muitilayer, interleaved structufé, in
accordance witﬁ the presént invention; |
Fig. 2isa pénfal schematic top-p'erspectiv.e' view of a connector layer

30  forming part of the electrical connector assembly shown in Fig. 1;



10 el ectrical connector éssenbl y ha'\/'i'n.g a multilayer, int
_ N : , erl ea
struct ur e, wigpe/17413 acpordgnpe with the present i...mvgnt i on: PCT’Usg\éEg”‘
g: gét r7 [ sI a schen?t ic side-view of a fifth exenplary enbodi ment of an
_ i cal connectorg.as ' ;8 gl , exefiphiry @@bodi t
I n ~accor danceﬁgﬁ ?ng?%%mg%&ggjte%%ggtai%ﬁ(?fdl%d:e nﬁn;;MBUI g’ a
schemati ¢ si de-\igpkteiéal 2ofnectdr assemrhly aaying atroultitayer, ipterlgaved structurg|igct r i cal
connector assenbly having a nultilayer, i nterl eaved structure, in
apgor dance ¥m t raccordangecwish the preseat fygntion; Fig. 9 is a schematic
si de-view of a sevent.h exenpl.ar l: . 88iinte
connector assenbly Eéi‘gi ﬁds %’%@g@%’%%gﬁg&%?&ﬁS?Bre, dlngafz?)n
accor dance gwi t i ha A cBffdtor d%mbly Gaving a multilayer, interlefvegl stagture, ia
schematic Side-view of an eighth exenpl ary enbodi ment of - ' an
;alnect rical ;onmgbﬂmmwﬁﬁﬂthmmtweanmﬂ tilayer, interleaved structure
ccordance, wi_,t.h the. present. i | : s gl |

a schematic side-vi higop 152 qﬁs&?gfﬁ%licgp%%%oﬁluﬁgrﬁm%fﬁ%e els%tncﬁ' g this
el ectri cal Conn(?o%&g&oﬁs%?ﬁm VsHoR¥iiA%ia ®ul tilayer, interleaved structure,
in acco ce w tyhe present invention; Fig. 12
:a ISIS gﬁ% Ir at ﬁs a met hodfi‘golns i alschematiosidevieni efca faurthl exempiasy egibodiment of an

y having a multilayer, interleaved st ' i
present inienti dqqtriaaicponngctor assembly having a rsnu{tﬂg)}el#,r iterleavél gt%cm,cﬁx W th the

9 WD 96/ 17413

accordance with the present invention; _
PCT/ US95/ 12994 PG 13Y95°% schemati ¢ top perspective view of

an exenplary electri i chelf@itNsidé-ofewass ; :
the met hod 111 ustrat g?.ﬂnlslzaisg_e 3 sidé-vievast e fiffth\exemiptary ambddimant ofiamg t o
electrical connector assembly having a multilayer, interleaved structure, in

accordance with the present invention;
15 Fig. 8 is a schematic side-view of a sixth exemplary embodiment of an

electrical connector assembly having a multilayer, interleaved structure, in

accordance with the present invention;

Fig. 9 is a schematic side-view of a seventh exemplary embodiment of
an electrical connector assembly having a multilayer, interleaved structure, in

20 accordance with the present invention;
Fig. 10 is a schematic side-view of an eighth exemplary embodiment of

an electrical connector assembly having a multilayer, interleaved structure, in

accordance with the present invention;
Fig. 11isa schematic side-view of a ninth exemplary embodiment of an

25 electrical connector assembly having a multilayer, interleaved structure, in

" accordance with the present invention; _
Fig. 12 illustrates a method for fabricating an electrical connector

assembly having a multilayer, interleaved structure, in accordance with the

present invention; and



‘WO 96/17413 _ : ' PCT/US95/12994

Fig. 13isa schematic top perspective view of an exémplary electrical

connector assembly fabricated according to the method illustrated in Fig. 12.

10



10 WD 96/ 17413
PCTF/ US95/ 1@%46/17413 Det ai | ed Description of the Pref erred_msﬂé%f's
Fig. 1 is a schematic side-view of a first exenplary enbodi nent of an

el ectrical conpect: &BBbY of h&g&g_m@,ﬂmgqer, i nterl eaved
structure, in ccordance wth the present invention. The el ectrical
connect or assenbly g5l is a sthematic siderview Df afirst exegplary smhodipeit & 28,
structure 12 and a_ second connector . Str . fé?@d tQ

physi cal |y engé@%’%cﬁ?ﬁ?%@s%ﬁﬁ%f A%Péwgr?a‘?@@a%ﬁ l;‘ﬂup ur aﬂﬁ@g o

el ectrical inter ty it {dveRBorfl € TRE eleeficall shnbitos hssembly 10

connect or strucatcgé)@&i% glg&aeq}?srest .B'Ieural ity of connector layers including
first, 5 sasewd.in Figl 1 rchules afirstadonnedtarysirusture 12 28d axspconthepnfegPlir al ity
of separation 10 | ayers including first and second se ati.on | rs 22,
24, all of whi ctrugtuge 14 configuzed aha@elqmygnmemeéyea@aa@??ﬁ%ﬂﬁgcond

connect or Stru%H{@ﬁ&%ﬁ%ﬁ%@iribﬁéﬁconnecﬁm%lga} @ilﬁﬁ@@é&?ﬁﬁwr?hém‘sto‘c connect or

| ayers incl udi connec ayers 26, 28 and a

separation |ay totthickurae rak adirs plardieyiof comector layersincludingyfarshd
stack. The pregglogégcnﬁl\rl\wger of layers included in conn?ctorréS assenbly 10

of Fig. 1 is pweebnd,andirdconnenondansrs 1anks, 29x and p plurality pf separation or
decrease according to _desired intercannectij.on I~ ingS : I'n
first connkkt orlayersipglugipg fisst agaés?ﬂi‘%émﬂ&@?'b}agﬁﬁ? er, 2%8 all of y hslfohoggd

adjacent first cOnAGEyLh mikfyertl suRRA el sotomnapessr sthisere [Akimfiarly sposed

adj acent the se€ connector“layer opposite the first connector |ayer. The
first 20 SepRdsal éeebnd phoealitd df conmictop dayers inctudingfourthand fifth eennssar
connector |ayers 16, 18, and, secgnd separation | ayer. 24 is di sposed
bet ween second laperst26; 28 and a separafign layex 8& ‘P’E&‘;Eraée?tléo%“ Ei%ﬁmsaecond

connector structure 14, .fourt I f ' GRAKABED B coné&bs 26, 28
are di sposed ad]‘,‘ghgﬁe%s%ﬁ% g‘lﬁ%?ﬂeecﬁge t{g%(?%%lagggar at ed by

separati ony4 aye élqm},lmefF age perely efenfiplant, howevers and amenahie to inct@seind 25
second conlnéect O{F'ssstr cture i%g cggr]e)(’:t.or ill'ayer,16 18, 20, 26, and 28 are
engaged in an i ot dedreme adcdrdingito desitedpintepcanacetiqn ‘lﬁnéluieﬁ'y of electrical

i nt erconnections, as_w be descri be | ayers

I d.
16, 18, 20, 26, 28 al®lFsERNNECHRSITUGHUES L2, sepqnd connector la ‘grlgg{]&g%s% e of

resisting buckl %@gcen tVoni&ST 18%erCIY)AR8 thikd bentRer Idyer 20 is didfosed 20, 26,
28 preferably a nade ?roma lelectric material capable of resilient

adjacent the second connector layer opposite the first connector layer. The first

20 separation layer 22 is disposed between first and second connector layers 16,
18, and second separation layer 24 is disposed between second and third
~ connector layers 18, 20. In second connector structure 14, fourth and fifth
connector layers 26, 28 are disposed adjacent to one another, and are separated
by separati.on layer 30. Upon engagement of first connector structure 12 and
25 second connector structure 14, connector layer 16, 18, 20, 26, and 28 are
engaged in an interleaved fashion to provide a plurality of electrical
interconnections, as will be described. o '
The connector layers 16, 18, 20, 26, 28 are made from a dielectric
material capable of resisting buckling. - One or more of connector layers 16, 18,

30 20, 26, 28 preferably are made from a dielectric material capable of resilient

11



WD 96/ 17413

PCT/ US95/ 12994 _ deformation, and may conprise thin, i nexpenS| ve
pri nt edWA P8IF1E | ayers, such as printed circuit bo% 59@?% or flex
circuit layers. The characteristic of . "resilient deformation," as

used her ei ndefoefnanen Jtandtrhay edmpriseythir, inemnswé ph'nﬂéd cireuit layers, sfitteas bl y
def orned or t" while, at the arretj ng a_ force that 5
resists def BFH@B cireurtboard h&erﬁ&rﬁﬁlﬁc% r]rg gqrgq:tgggtfc ?Jfart ially back
toits ﬁsﬁfehgdéﬁ}m%tﬁhgf s na?ﬁl b Qr? 10 fife X&{i%/ré}*’a HeRH g)etqa bel ow,

t he reS|I|enf _connec l"ayers 18, 20,

26, 28 can lﬂll’eﬁibl)ddefermed or "bem‘hwhﬂs,sat\me Eme:ﬁmeppfoduningrd forseethaengagenent
of first connector structure .12 - and second connector_ structure 14.

The condr les?%és defpraatiom, sending toppush the,matesighatleast partiallytbask 0 #5ce and
0, A
var i oty of RHBMADa¥sRinef BOREPh: ATHAERE bisrriped e e tlienY nt oo

circuit boageformyllehafité of E@ﬁhe@toi'%yei‘s |6YES, 20, 28¢D8 2an Pﬂivl’désd ers,
pol yi m des, epoxy/ gl ass. conposi tes, paper - phenol i cyanat e ester,

PEN, i qui dccmptcsaive farce up«pmirgtemw angagemﬁlﬂ afafirshconnector studterst 13 | ayers
havi ng suffi c(i)ent Lntrinsic - ?ﬁl | ence and a I’eﬁl st ance to buckling,
an .orf e co

for purpose&n$pecopd cﬂ?@@ﬁtsmﬁWE%H MPIESSGARTPECRNYIES a- t hin fl ex
ci rcui §o! ay GhisrcBRN hiSHofdeCin@MNrubtirdll diPdtilifySoH o and
therefté)re rrg‘{/térr equelcpgﬂt%ﬂe a ftel on orfu a re@?ﬁllﬁéﬁyog orrraasb DT 1B/ackl ng
material tolonpart additional resilience. Alternatively, a Stlff backi ng
material, 20 - such as copper, coul.d be added to the flex circuit |ayer. /‘

‘stiff backing Avan%pékn@wnéaﬁlwt%"@m&wo tusgd ¢R fore printed

robi 11y e Sl Bttt R nEs cirmult vk Sion g¥ Hottlell, Boryifidds, 0P
i nt er | eavedegRgApasRHImpYsités, 'papercsbn6RE, Wyafidte estet' PEN 21iguid crpgand

connector structure 14. In -addition, a copger backi ng’ material can perform
a25 15 duapolwmw:s,uamd Flﬁﬁ%vmupmxmnmtm wtsdiavmgasuffﬁmw inmiisie gr ound

pl ane. I a t be nece t er nal

bi asi ng neaﬁess‘lfeé’cf) ‘5/?%5%% to bu{:n@}lx}go&glépttrngseﬂ iiﬁecgqemtgn\fegégps agai nst
mating | ayeggwed 'd?tri’-ﬂﬁﬁrf&x'd'h%ﬁfttl bﬁ:? ?‘hﬁve msufﬁcxénﬁrﬁ)mﬂf: résiiféricBSer tion:
force (LIF) asse )I'y, to be described be . separation |ayers
22, 24, 30 ambdmemforcbmaqum the addition ef alresmentlyedeicnmableahtbhng

12 WO 96/ 17413
PCT/ US95/ 120werial to 1mpart additional resilience. Altematxvely, a stiff backing material,

20 such as copper, could be added to the ﬂex circuit layer A stiff backing
material such as copper may not provide much res1hence to the flex c1rc_u1t
layer, but will at leést impart stability to resist bucﬁling of the flex circuit layer
upon interleaved éngégement of first connector "struc:ture 12 and second
connector structure 14. In addition, a copper backing material can perform a

25  dual function, providing both structural stability and a ground plane. A
backing material may not be necessary if an ekterrié.l biasing means is provided
to force the flex circuit layers against' mating layérs, as in a zero insertion force .
(ZIF) or low insertion force (LIF) assembly, to be' described below. The
separation layers 22, 24, 30 need not be formed from a resilient material and

12



may even be formed froma rigid or conpliant material in some instances, as

wi | be appaysntafsr om t he description bel ow. AsPGHBRY1PW4Fi g.
1, each of connector |ayers 16, 18, 20, 26, 28 . includes a plurality
of conductive C;R;([}ié\% b%%[rﬂs%if?imﬁ?aﬁi'gweﬁ&qnahmaqa@éﬁ@msmﬁe instanoes, adn 34 of
t he respective connector [ayer. For purposes of illustration, the -

t hi cknesses of gilirbesappasmt fraaethe3i2sériptiongelaw.ar e sonewhat exaggerated. Fig.
2 is a top perspective view of .second connectqc Y. ol OF
pur poses of i | Ay show innfise i e cagh of FOBARIPT ¥€fégﬁdhgt%ej5§3§t act

surfaces 32 al ongjf]g%%}e plurality gg Q%d;/ug%e?‘ fontllt sUrfa&ds EdI6osbd along an edge

conductive cont'd ces conprise contact pads disposed

si de- by-si de al gifodaof Y fesietidd commdtor dayer e dFor purposes of itlpstration; the t r aces
35 formed along the I ength of the respectjve connect or l.ayers
Conduct i ve tr acthickB&ssey ef ¢aptact Burfgees A2 in £ig.1l a8 SPH‘QP’?‘%WE?WFQ' c,llca}ﬁt Act

surfaces 32 can, be nore readil.y i LEi i .12 in¥e cont act
surfaces 32 havié adQBRF™S Fﬁég"éﬁggée&%hﬁgﬁg? é&slg%eg lgbi’f(r)ltt oﬁ eﬁé’g portion
34. 15 . Homvmhsuﬁﬂgttﬁﬁhnﬁhl%én%%f déndiRMve eorftadt serfavdst32 Aoy edgger ed

uch tha

configuration the lengths of some of the_ contact surfaces
end at differenporfioh34s With reference ¢aifig. (2o rconductiza contact swriacesaddh By

i nt erconnections can be nmade at.differen . ol nts fl

connect or ¥ r uceQmRIiseXoRRgt cﬂﬁ%?oéﬁﬁﬂg?fhﬂ?s‘@tarl?}&ofﬁg& pfﬁ@f g4’ arld*oupled
engaged. For exampl g i Skandd" tHeQenBtk Of HeOreBskctivé e6mRBRECT | ONS
20 first, foﬁn‘%@ﬁc%}f tg%&%r?gifnt er c%ﬁé]ggct i gﬁ%i,f Si gnalg&icnt erconnecti ons,
and per haps laaersdeﬂédiﬁcdi& irides 36 cane aot shomsr. in Fig. 1 so that conduptive gomtactct or

| ayers 16, 18, 2 26, 28 can al so he provide .t h, sl ots . ornmed in
edge portions 3surfrsesd2cambg mose feadyyddentified, 353%&- Zyorongenive ‘ES’P?CI

provide a "cantil ever.,effect I b Rl M : tyodtidd 3F.es 32
to flex 25 sﬂffgqﬁﬁ%lisz ?‘ﬁ\&“eﬁ"éﬁ%ﬁ\%}“?}gp eggjagg{eén%h% AT s%rflaces.' This

canti | ever 1ff f ef*ltoglfver, contabBdlrRRe 185 mag WeHofifiedwith astaggerednznfiguration vi dual
contact surtaces " to adapt to the contour of a mating ¢ontact

surface, which swsh, thanthe dongtiysl of somerofythe contact surfagesiend @t dHfRrENtROINIE R/
force concentrating neans. The conducti.ve traces 3 : coupl ed
tocircuits for ﬁ&??@@@%ﬁ? ﬁ?tN?_t'?P"é’F’E'HBF“Eﬂ""E%}?Hég?%sQgfardﬁ_ca% ditde I 30
14 or to separatg el GhLT ARk Coflfebidi SrueAPL Poind Secbiie cofRastryeuro D et or

13 WO 96/
PCT/ US95/ 12994 engaged. Forfenamples it misgbe desiratle toonakehground) imerconneshiifect or

avers 18 2(2)61 %?st[r?gllowed by power interconnections, signal interconnections, and perhaps
device ID interconnections.

The connector layers 16, 18, 20, 26, 28 can al;o be provided with slots
formed in edge portions 34 between adjacent contact surfaces 32. The slots
provide a "cantilever” effeét that enables individual contact surfaces 32 to flex

25 somewhat independently of adjacent contact surfaces. This cantilever effegt
may be desirable as a means to enable individual contact sﬁrfaées 32 to adapt to
tﬁe contour of a mating contact surface, which may, for example, carry a
contact bump or other force concentrating means. The conductive traces 35 can
be coupled to circuits formed integrally with either of connector structures 12,

30 14 or to separate electronic devices coupled to the respective connector

13



I ncl ude contact surfaces 32 on two opposing nmajor surfaces 36, 38. However,
first and third connector |ayers 16, 20 need only include contact surfaces-
32 on WO9/MTH3r espective interior major surface 38, 36, MILRIFA2¥%e first
and third connector 5 layers -are configured to engage another connector
| ayer only efpudtiiel TFhe $eaomd, forth, and fiftls bonmecion 1dyegs 18,.26, 28 may The
“contact surfaces 32 and conductive traces 35 can be for med by. _
convent i onafnclyderrogiaghsiriacesdhan dye é’PPPﬁ}’éﬂ mamj SuFfaceseifo 38t i Bﬂwé‘fefa

conducti ve ' K ' nnect or
| ayer, foll 8\5\%3"%)5”4 %dr%&tar?&ﬁg |dr| n E’Sf%d%%s %&ﬁ%‘g&%‘é Ive
mat eri al thql@sfpbaa/e&nce@i@d orvsurfat@.8s, 36 because&hé fifst and lﬂﬁrdJémféEtor '
| i t hographi c techni ques enabl es extrenely precise - al i gnnent of

mat i ng Eont layersare caefigured ta engage anather goonedtonkayerionly ondhatesurface, as
| ayers 16, 18, 20,26, 28, and elimnates the need to individually stanp

and § {"f‘§r e nunbers of discrete contact surfaces, as would be
the case with 151he cﬁ@@&egawaeésaéz Mﬁ%&an&a@wss%bw&m use of
| it hographi c techniques al so enabl es nmuch of the wri previ ously

done in t hecaiventionah |hdmgeaphuetechmqhes involvingahe demsmmwf a:cmmiucuveboar d, to

be done in the connector assenbly, in accordance the present

i nventi on. ’I %181‘ |a§, coﬁﬂ?é’ %X&féb&ﬁ\?kﬁcm&%neﬁw ket ,,fellowecp by steBhnect i ons
ordi naghly t t o1l be 20

made by)conn con 8@?? @ggggueg @ﬁ%ﬂ%gkgr&ggsengﬁmio The

conductive pmsms Tie nsehﬂmtogehphib rohiguds@nables exdéryel¥ Grédisen can be
commonly coupled to _a nmuch | esser nunber of pins, or other coupling neans,

that nmake caligrseent of snafingcopiasisvataces 33 iaths eéae porioas 34 of sANRECES Vi ce t o

Coupl'ed o WHRTER I8 26, 1 a8 e he e EAAGRARETRIRRY D' S

si gni fi cant jn3ayilsge numbERDHiscPatt comhadt Srfaces, as wdluld béthetass withe bet ween
t he board and the connector assenbly. Alter natlvely a | ar ger . sol der

pad wiif i nwmsM&M&Amgnmmsamtdu:; r'li-ﬂea»semghﬂmgmm techmigues
tol erances to redyce cost.and .inhcrease rel.abjl

connect or | 3§@£aabies mychof fhewiring previoysly dene ‘k"ﬁ electronic devicg, sich 26 30
30 of connegl phriffeliUsichlt Bokfll, 16 Be BBnd'EH fle tcgﬂﬁéc'&ﬁ'rasgé?nﬁi& Oﬂluicioi‘dah&g{/\g

stacked .

96/ 17413  with the present invention. Speclﬁcal]y, the extensive number of ground

PCT/ US95/ 12994 constructions. For exanple, each.of layers 16-30 can
be bonded t &oRgFtnsArdinanly made al the pyinfed Rircuiticonnestorgnteatace£ambe The

Sial 1 m gt 8 bRty cBigeive bess i B! askBibly fOR B0 7% 7
interlan Ua&&acﬁz@ﬁV@ﬁhée@_f% doAnédiad 1 cORABAEAREMbIYID thedd €an b8, 20 or

commonly coupled toa much lesser number of pins, or other coupling means,

that make connections with ground terminals on the el'éctronic device to which

the connector is coupled. If the connector assembly 10 is coupled to a printed |
25 circuit board, for example, the result is a significant séving_s in 'boarq real estate

at the interface between the board and the connector assembly. Alternatively, a

larger solder péd with increased spacing can be used, relaxing manufacturing

tolerances té reduce cost and increase reliability. |

The connector layers 16-24 of first cbnnec,tdr structure 12 and 1ayers' 26-

30 30 of connector structure 14 can be'held together to produce integral, stacked
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5 t o connect or I'ayers 26, 28. Thé'.stac'ked,- interlam nate arfagS?errent '
enabl es woos/f@EECt Or Structures 12, 14 to be realized asPETURLY 1 20Mscret e
connect or structures, .continuous printed circuit boards with integral
connector structy N ' 30l ) beivonded t© adjadent nt egr al

. Fot ¢%2fple] €adhSofMayets 26-30 can j g
connect or stru‘é‘f"ﬁgrgc;ﬂ,ongr é)rl{f b conbi n%tlon t hereof . Thus, m'ag‘gordance
with the presepyersbycainimation opother agang.0 The stackesbeqnngefon struciures 12,

readi |y configufed fo provide:at |least the follow.ng, . ' Caanect i on

ar { angenent ts exhibit very low pro%i::s a:d s )ftoml ,fgc39rsb%¥lgf§§§%¥ Bgcgﬂﬁﬁﬁf{; |

i nt erconnecti ops i ions t& ANSCiAnedtbF lagensr] is a
ol O e Fffifhef copnootions (SRHY! y

conti nuous pri integral, mating connector
structure;s 155 connector layers 26, 28. Ti) stalikedcintesiammiviate arrangsment €82 ehnect i ons
i n which one o% ' connector struct 2, 14.is a'conti?guous printed

res 1 .
circuit board eomhettos sougturesild, 14 to be realized as githe discfels COBACLIOT,  ooch with

an integral, mati ”8&%@&%&; frh{t%%f#lﬁi boards with integral connector striétlired] I ect

flex-to-flex i Sireqt 1 _ connect or structures 12, 14
are continuous flex Gk bHield Tlekl dirtuits Wahriategrayebnmegtor Gmetures; opany
structures; (4) indirect board-tq-board

board-to-fl ex, ceimbfdadiun therédfexThus, in accordanee Welhihe BIESHINYSAURR; CONNEFOTer or
bot h connector structures 12,

Tount 60 0A0an GHHENDS 13y 18R brreidily apfigte o SrEFLAERMERIBLE |17 VS

circuit board or,a J l!?!ég ' .circuit; or 25 (5)
boar d-t o- cabl euat;rqoﬁ@%&lpg_ ca Féeljni@ﬁr%%'erconnect ions in which at | east
one of connector struct ur@}diréct bibdrd-w-boadd intersornestiontint which eaghcelr e

coupl ed to one end of a cable.

) . .__...The.abov.
i nt er connect i orcoaneckorgTSHITeS 12)14(1572 CoREaQpS RSintggLcircuit board @'Eﬁsa?lder ed
limting, but rat h%ﬁ’l %‘E@quﬁ&{}{?@t"wﬁuaﬁr& variety of arrangenents that 30
art, 1

may occur to orBE n’view of this description.

15 96/ 17413 (2) direct board-to-flex interconnections in which one of
PCT/ US95/ 17994 _ The ability of connector, strHct res %21,. 14 to
be formed fromdonhedtedstructures 12, 14isia cansianens printed; ciseuit peard apd e QUIETAS o o

whet her di screte or contjnuous,. . . . .
a continuous flex circuit, each with an integral, mating connector structure;

(3) direct flex-to-flex interconnections in which connector
structufes 12, 14 are continuous flex circuits with integral, mating connector
20 structures; _ _
(4) indirect board-to-board, board-to-flex, or flex-to-flex
| interconnections in which either or both connector structures 12, l4isa
discrete‘connector structure mounted on an edge of or otherwise cbupled toa
continuous printed circuit board or a continuous flex circuit; or
25 | (5) board-to-cable or ﬂex-fo-cable interconnections in which at
leaﬁt one of connector structures 12, 14 is a discrete connector structure coupled
to one end of a cable.
The above interconnection arrangements (1)-(5) should not pe
considered limiting, but rather representative of a variety of arrangements that

30 may occur to one skilled in the art, in view of this description.
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enabl es the incorporation of passive electronic conponents and/or active
integrated circuit components in the connector struct ure Speci fically,

passi veW® 96/17&13ect r oni ¢ conponents such as resistors, TP$582994nd

i nductors can be nmounted on or formed in respectlve connector |ayers
16, 18, 20, 26, ABeablity of connetonBirectuies 12ne4 a6 bedormed fromptimed ve cont act
surfaces 32 to provide so-called “smart” connectors. The passive
‘component s GHnUlbboﬁ'dﬁ#X%ilP"eﬂe’E sirgHiblayers, whether disgrete-e% eAntigu@Esnhly 10 with a

vari ety of bU|It n.fun £ring,
attenuation® ﬁlh 'é%’&?ﬁ"é’égﬂ";?? “'Vg%}eﬁirg’t“rcg‘{&ﬁg&é?’?%éﬁ °Ef8&rﬁl5‘}onent S
simlarly Cﬁﬂe@ﬁ:eﬂ%%hﬁ@oﬁ@o@émi ﬁmieréohﬁbctm@turue Spedifiedliygpassipecr s 16,
18, 26, 28 and coupl ed to one or nore conductive contact

surface§ 32 eteotromc comppnems suchzastresistors, gapacisars, ang indwetorsican bor exanpl e,
anplification a| n,

det ect | d Such
conponent s E¥Y E?é‘ 99 &"&ﬁ%{l"f gpsgaqnggtcggnefg& la?%; lgdggﬁ%wé%cﬁ%gcr et eugr
cont i nUOUS - EARER |(Pbesdr bt Sondorivbedict SiHiicEe 32 to provide!sd-edisaonnect or

assenblies tor speC| Ic applications. Fig. 1 shows an. exanpl e of an

i nt egrat ed Cimanyt tommme'm‘he passpmmnp@nemsrpmnbaconﬁgureéeb provide
surface of connector 3{er 20, and  desi uatiand by referﬁnce numner

Each of conﬁ@%ﬂe@wfﬁﬁ'}& yil@avithya vatiety of fungtonsSyeh @5y fog examp aI i ze. a

connec @ntr?Jhengg’l %E%ﬁ% aﬁ%l%%%%gm%ﬁ% W%ﬁgtgﬁ%cg ttrjélsﬁ?bﬁéﬁiect ed to

control the sitﬁ'il)cﬁ‘liam%e mounted 6h of dorhet invrespective soritfecion tayeenthjci8, ve cont act
surfaces 32. The i npedance ~al so could be controlled by t he sel ectlor‘
of di el ectr 20, 26429 and coupled toPnsnrimerg cenductive contgcksustaces 82 |9 operti es.

" As shown in st.a &onne first
connect or sth?}g‘f‘%?‘gwféJ"‘H‘&*q"ﬁgtya&ﬁﬁ Fg’t égﬁmﬁéﬁt ﬁ@éﬁgﬁfﬁéﬁé‘t e edge
portions Eé}ﬁl d SEF SdtApdrRnaTdan bENRdIVRRANY séBéted hi r d

. connect or Iayee:?ts%&fll8Efﬂti Eéﬂv{é}séa{]f |Sr st connector structure 5 define a
second 1§ap 4&r additierbe discreteair cohtinwniigeonnector stugturésold; 134togealizge second and

third layers. The fourth and con ect r 30 ayers 26, 28 of second
connect or SFFEIEFHHO@“W"SW'PQ{‘?SI‘IO 68 ’r‘FPﬁ“Ef‘Sga%‘gnj shoWs an

16 t mponent mounted on a
PCT/US95/ 12%851%51%]&&““{‘ ﬁé e(tn\gx?euétncoart?pot eré %r gagsxggrc?l ns 34 of the fourth

and fifth | auhace ofldomnector layexeﬂaraﬁlmslghapélbg ré&reﬁbé numeda139 are in

substantial planar alignnment with g , EG(P:-{SI vely, as
shown in Fig. 1. Ea@m@pnn@aséﬁr&ﬁw l%yérésoz@ﬂd be wnfzﬁdl #3hort of

the ed portlo of ther , 18, 20, 26,
ChePeby PREPicGinGisdhare GRREIEL ' 4 SONTE e gffichs i comector
layers 16, 18, 20, 26, 28 could be carefully selected to control the 1mpedance

of conductive traces 35 and conducnve contact surfaces 3. The impedance
also could be controlled by the selectlon of dielectric materials having particular
- dielectric propertxes

25 As shown in Fig. 1, first and second connector layers 16, 18 of first
connector structure 12 define a first gap 40 therebetween at the edge port_ions
34 of the first and second layers. The second and third connector layers 18, 20
of first connector structure 12 define a second gap 42 therebetween at the edge
portions 34 of the second and third layers. The fourth and fifth connector

30 . layers 26, 28 of secdnd connector structure 14 similaﬂy define a third gap 44

16



| ayers 22, 24, 30 do not extend intd1gap§:40, 42, 44, the sepafation | ayers
wi i+l woosnT4estri ct deformati on of edge portions 34 of F&AMSANY% ayers
16, 18, 20, 26, 28, atid:‘t herefore need not beforned froma
resiliently deforuBhle, TRk daak portions 34\¢10Re Ritivd £l fift UAGRIEThe Of first
connect or stru@?{?re fgnggg%sdggoﬁg %:ogﬁneptor 10 -struct_g?g 14, connector

| ayers 16, 18, seplratidf laydfs 2hgand 36 azein substantialapianar alignmesi with gaR%ed
fashion, much |ike a deck of cards, Specifical fourt '

connector | ayed® 425 447 BesRedIvE M’éﬁtsg?lw‘ﬁb“ Elﬁg;gehﬁ"F T, Mg’ol gér%lai%’s 40,
42, res i |r8spREtiveSconhiedtbt RyERAE, O
engage third gg‘g%ngtg{’¥h°ﬁaﬁ@§%%g%gﬁ%r%g%ir I'eadi ng edges gf edge
portions 3¢ mayg bry,BEghedtierebldeaving ppice fexigapsdOf 42 44.t Becase separation of
connector |ayers 18, 26, 28 into gaps 44, 40 42, resg?ctiveay.

The gaps 40, 4lyers22p24 30 dpinpt gxtendiini 83poHd 2 G4n thrcsepiating 1aysrs ¥

enough to provide a s fit.for.c AW d18820. 26
respectively. not restnc%%ogﬂ%ﬁ%fneggggg ﬁlogérit‘ti on%?gc?:%rn%g%rts gr'a’ Ilg’yer’s 18, 26,

28 into the nahg Oy ORBRIAR need At beforméd frong anedliéntyl deformabi¢ amtetiial.or mat i on
forces that contribute to a " conpressive fit of the overall

i nterl eaved as Iphy$i6al engageniens of firs connectorgiructure 12 and second £LORRGCEAT j or
surface 36 of secor?gyconnector | ayer 1 ntact wth t he
second najor sm‘a@@1348Cﬁf'"mrl?}‘%ﬁéﬁﬂg%ﬂ%%i%aégrm%e AN APHET B2 i aj or
surface 38 of sec t r ?ngieéﬁ’fc b tfdoutthndififat naj or
25 surface erg%@ﬁ??{kﬁfo@b%ué%?ﬁéali%le(;mlzﬁgﬁisTh resﬁlll!{i nglg1 contact by

second - GONHRfdr Uyera 6y 28 fretorientedtto enpgage fisharatsegond ggpsr40, 28, and 28
outward, away ~ from both second connect or ]a\é%r 18 and tge urlqef or med
posi tions of coespectively, and secondfpapectorlayersl8 igorienieddq fpsage hird gap #4-

I nsertion into gaps 40 2, .respect| ' . | ayer 26
makes cont act vﬁf Em%hbé@odd??@}ngré%g% %%d§e§§né?ﬁsg3§h?y?) ??ggféggfrﬁnector
'f;yer 16, ng 6}-@&%@%@5&%& ingitRon 3B comiear tREALS, 26, 28 ifiorgdps 44, 40,
PCT/ US95/ 12994 42, respectivehyj.or surface 36 of third connector |ayer 20. The
contact between connector ayers 26, 28 and connector. I 6, 20
simlarly tends to Bﬁh&sga@éﬁﬂeé%o‘}i p?/e?erably@g‘?élrrgenf@,netgg) E{ﬁe\/ﬂd&)‘,ﬁy vvayy} from
both second connect,o [ 28TRAd PR Stdsp&ftivelyt
connector | ayngo‘i%h, {Ozéf%wag alﬁmgrm fBP@orggctﬂ' ;a ugﬁ’ t8F1ei r resi ﬁbgnclg,
connect or | ayergeldmulttheod§insefionrofdonsector layers 18§ 26,c28 inkmthernagtow gapshe
bias force, tending to push the respective connector |ayers back
toward t h@0r urddeidr ARdrespestivelyn sreates defosmation forges ‘Hﬁ\fa‘?‘%‘t‘a‘?%& fon toward

compressive fit of the overall interleaved assembly 10. Upon insertion into gap
44, the first major surface 36 of second connector layer 18 makes contact with
the second major surface 38 of fourth connector layer 26, and the second major
surface 38 of second connector layer 18 makes contact with the first major

25 surface 36 of fifth connector layer 28. The resulting contact by sec_ond
connector layer 18 tends to bias connector layers 26 and 28 outward, away
from both second connector layer 18 and the undeformed positions of connector
layers 26, 28. At the same time, upon insertion into gaps 40, 42, respectively,
fourth connector layer 26 makes contact with the second major surface 38 of

30 first connector layer 16, and fifth connector layer 28 makes contact with first

17



second connector |ayer 18. The resisting force inparts a conpressive force

to connector |layers 16, 20, 26, 28 that provides r ive fit -
to the Y@%Pl?'h erl eaved connector structures 12, 14. Speg?(rcﬁggﬁsﬁgg%"upon :
i nterl eaved engagenment of connector structures 12, 14, the resisting
f orce conpr esgerssurfahe 36 of third cenneaiar iayeo 20 s (FheaostagBbesveén cartnectonnect or

| ayer 16 agai nst first | O 2 AanSUrface 36 of.fourth connector

| ayer 26, t _e‘ése%é)%ﬁ‘?gj_‘iﬂmg%brf%ggséé’gp%‘BWFWC"SS PObIaESW'PBr | ayer 26

agai nst thelé’e{:ﬂ&%&ﬁw?ﬂf,fa%g fRSin Bot1S &LEAE corHRBR tlégfe_r'lﬂléﬁfltﬂé 18, the
u thir a

.3
first major rface 36 o connector |ayer 20 adalnst the second
maj or surf ageddBrméd positidnsafrooeneotor lapere16280. and the first najor surface

36 of ~fifth connecgtor.layer 28 agai nst the _seco j or surface 38
 of secohd BtYo‘ﬂﬁBEPtheFraSFédleﬂ%‘?’ contiector layers 16, ﬁe{g%@‘éﬁe Hssenbl y

10, upon en ' e ?%pl 506 1 COR s 12, 14,
can be char g@?%?ﬁzeg%s?%sst%r%%fl ng %ﬁg@-}%aﬁggc}he F&B&q%g:%?ﬁér%éﬁé errgve

i nt er f er enc@ackt iNare Aphgaitefsrmedipositions) dridrthes freareineeitd dirketion toward  to the
interference forces produced between the various connector, |ayers when
~ second connéesond coanestorilayasnigagbie msisting force impants & campressive fored thect or

 Sr1 ng-  es EPUIRIar RSP 0. 20,08 28 e iyidk R BERPIRS B el Uers 16, 20,
26, 28,9UpORy W@g?ﬁ'ﬁecﬁfr siﬂu&ﬁl}esﬁm 14, SpecifR@APNGbonORRelch®Ed Structures 12,

14, to respond to deformation with a spring force that produces a

conpr essi ve efgdgemeheoftonnbctor stractetes 12 o hhethe sesisting foragraampresses: the oget her

and B ovi i 19 0900 Con Agh 35l ol e 16 baSHTRL B oot o (

PCT/ Usos) Lo 8Ufac 36of fourth connegtor gyer 26, the second major surface 38 of fourth, - o

a singl e coppmfdctr lhyer®6 against theifirst major Batfacesifoot seoombcomectos tayeed by t he
fol |l ow ng expression: S R C | = Dd[err] 5
where B5i's tRetherfirskmains syrfage36 ob Hicsasnestar lyen2against the segobhe wi dth of
Lhe 920 o B0l SHARGE Mk 2 gl e SERTHARP yrgs 472, 0L
represent ed fifh édnfedtot 1a9¥t 2B against thE¥dR0AS Hafdt surface 38 of second
' ' connecior layer 18. ' |
Thé connector assembly 10, upon e'ngagemeri‘t_ of first and second
20 ~ connector structures 12, 14, can be characterized as providing a so-called
"spring-reserve interference"-type'engageme'nt.' The term "interference" refers
to the interference forces produced between the various connector layers when
sécdnd connector layer 18 engages gap 44 and fourth and fifth connector layers
26, 28 engage gaps 40,  42, respectively. The term "spring-rééerve“ refers to
25 the ability of cdnnector' layers 16,. 20, 26, 28, upon engagement of first and -
second connector struct'ﬁres 12, 14, to respond to deformation with a spring
 force that produces a compressive fit, thereby holding the connector structures

togéth_er and providing good contact force, but which still enables the connector

structures to be separated.
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10 i [err] err]
repr esent sybhe114m3 ckness for each’ connector llayer of a pl urEW%§%§9%
connector |ayers 1-n, and d[err] represents the width for each gap of a

plurality of T égsf 15 B intiterkiedl fot Bh@igkmenniea sibglerconhientordayerect or
assenbly 10 is then e of connector | ayer thicknesses m nus the

sum of gap Wi diih a sTigte ge;gcaebc)fepresemed byshe FRIIOWIRE EXPIESSIOT unct i on of the
“interference, the spring characteristics of the ™ "material used to
form connector |ayers 16, 18, 20, 26, _28, and the di nensions 20 of the
connector |ayers. In accordance w ﬂh'tqﬂé oresent invention, the
interferenge and spring force existing in connector assenbl 10 preferably
are selyReteed it thelthikhebs of tieocanaettor tayeranst dgisdbg width of K ghe gap
approxi mately 0.5 grans per - .contac

el ectrical conirgwhich thatypnmcyor lpyer;ig insg tiﬁ“s’%e totd! W{?g{e%g%g&'g'ﬂ ed in
the art, in view of this de %lgédeb he faflowingadj usti ng

i nterference aFﬂ? ?‘H ?%?@gfypar apﬁgews&%gggﬁﬁve at afconnect gr

assenbly 10 pr 9,)(%5;‘3&@&1 .suitable contact force, in accordance with the

pr esent nventi on. The conductive contact surfaces’
32 are alijgned such that when connector = m | ayers 16, 26, 28 are
inserted into gaps 44, 40, 42, resdggti #ed P; -tk cont act 30 surfaces
of connector |ayers 26, 28 are electricall codpf ed to respective contact
surfaces of connector |ayers 16, 18, 20, and vice versa. The coupl ed.

cont act surfaces 3 ' ' ivet 6f & iogfn density
bet ween conductYREE b represe%ts%ﬁé WiicknRsfo? Ehdfcchnlétap 1dye PruTElity o
WO 96/ 174]1% connector layers 1-n, and d,; represents the width for each gap of a plurality of

PCT/ US95/ 12994 ¥ races 35 associated with first tﬁ g hlor gééé({ﬁture
12 and second gapséanorThe total interfererce hioa 01 CONGECIOT ASITHEN et anpl e
of Fig. 1, in particular, e d s layers
16, 18, 20, 260239%?%‘?}“&%3&‘5{??‘“%58?%‘?‘3{“3% Slm °?F§#g§@gﬁng§? L S A
connect or assens‘;ém LI ?nc%o}ﬁff!hé itérfirenide| thedspeing Tharactedisticseofshel |
t hi ckness of tHh BAhect of ayers. The interconnection S|teﬁ%gm st. at

the interfaces gitefin) sdedan dorimwoorrectoolayers 1, 18205 26,148, 29d the il

fourth
20 of the connector layers. In accordance with the present invention, the

interference and spring force ex:stmg in connector assembly 10 preferably are
selected to provide a contact force of greater than approximately 0.5 grams per
contact surface 32, to ensure good electrical contact reliability. It is expected
that one skilled in the art, in view of this descriptidn, will be capable of '
25 adjusting interference and spring force parameters to arrive at a-connector
assembly 10 providing suitable contact force, in accordance with the present
invéntion.
The conductive contact surfaces 32 are aligned such that when connector
layers 16, 26, 28 are inseried_ into gaps 44, 40, 42, respectively, the contact
30 surfaces of connector layers 26, 28 are electrically coupled to respective contact
surfaces of connector layers 16, 18, 20, and vice versa. The coupled cpntact_

surfaces 32 serve to provide a high interconnection density between conductive
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connector |ayers 18, 26, second and fifth connector |ayers 18, 28, and
third and fi.fth connector |ayers 20, 28. Even though precise

al i gnmeMO 474 achi eved bet ween mati ng cont act sgﬁ"gﬁg@z?ﬁ, as a
result of availability of lithographic 10 techni ques, the contact

surf aces neathcooBS Assooimtbe with firs wahhecport stiucrunel 12 iaAé second conndegdrher , hi gher
i'nt erconnection densitjes can.be aélgi eved, w t h npderate cont act

pitch and sissactuseid, ith refercace ig the examplerof fig; b BrpasHeah ithh sites
ided b . | . 8, 20,
D v Ty Stackpy interfRarediiohibbiotsTafis 18, 66 REIRCIBIroNifY fiy? sbparart

al i gnnent  t ghierconaegionnsites fica eaestot assenibie 10 daving adveep lovaprofilpdoeng as a
function of the nunber of stacked connector . . . layers provided in first
and secdnd doithrsmnd} thickngss of the connector layers. The interconneption sbegexdsiditon fit -

of connector, structur , : i A €lectrli ntact force-
exi sting bettb\%g“ergﬁé&ﬁggl%‘sggﬂéﬁgfwg&@g&oﬂ@eg%}q,g&ge@?danﬁefjouﬁl?l n

addi tion, tRYnAGAGY 18ers A8, D6 scRoMINEEAfR cohichst 1agdrs 08, 28, ARANAREAA | ayers
20 16, 18, 20, 26, 28 engage one another. The wi ping action scrapes
respective fifth connectodiryers20,8at Bven thaughpresise 2ligamentsan beachiswedher as
connector |ayers 16, .26 28.,are slid..into . LI respective gaps 44,
T0, a5, 1 herenySeE BAE (oAt svefades a2, & & restys af gl ofFifaennif 2ot
surfacqg to 8k fa6&) ndeflriof B Imidalt vaifh $881 pitch and size.
intercggnectt%g&ﬁ’tﬁlggog%so nc?t ednthat t%e ,openli-nig %r 81\5? d%ncF %ff’ gaps 40,

42, 44 25 Rahabhizherimdracnnestion demsities 2an be lachievabwithdndderateeontatt cl eani ng
after di sengagenent of connector structures 12,

The conpr esPitgh and sizg; beraussoffhe large numberof intereonneation ﬁji?ésfﬂf?ﬁiied by (
connect or sttﬁ:g&%@bmeﬁ&t%&g&g%gg&g%gﬁgr lftidj‘ik“;\??h%ugaﬂebe further

i mproved by rporation or I ng neans. referénce to Fig. 1,
| ig for exaipiufe of m.nectaﬁammﬁbammsmmgmoma%s gid i@m; ll 99&346’
PCT/ USAS/ 129ieirequired copteciripaeing 8s 8 fusqtioprofshe number of stacked corassisct or

structure 12 _and orient.ed-to bi as first and thi connector |ayers
16, 20, resé&?? B@Vﬁ&ilﬁhﬁ'@oﬁ%&?@%@&% t_smcellureﬁgghggtor | ayer 18.

Al ternative biasityg sonpiessiorchit dSconhd@bPsRichire® 2P M enhances i€l ust abl e
frames, hydrostatic bl adders, and canm ng devices are also 5

cont enpl at eclecscahcontaetrfordet existingi betyeenratigaed bariductive cantant surfaces 3¢er s 16,
20 . can_be v,vorkeﬂ in a pr,es%gﬁ(glold an .i nt’egral S ri-ng [agrm into the
connector  Inadditign the camprespon quces 3 WIpINE aAdQnas cAmneetan BYSSThe force
exertednsby tihe ki g§i _ _ ' ’l"‘lgé%rﬂ) : | e

i nt erfgp encellabt-‘-}tg mﬁghfgé,oann%néaggﬁﬁé;%drﬂS\éﬂi& 1%5%&;%%8%2%%&@4 40, 42,
-respecti vel )Conﬂ_xhtﬂiv&rwhﬂgt surfaces 32 against one Qhothas_con_nector layers 16, 26,

28 are slid into their respéctive gaps 44, 40, 42, thereby cledn_in_g debris and
oxidation from the contact surfaces to enhance the.electﬁc_a] reliability of the
interconnections. It is also noted that the opening provided by gaps 40, 42, 44
25 enables contact surfaces 32 to be accessed for manual cleaning after
| disengagement of connector structures 12, 14. |
The compressive fit produced by interleaved enga_gemeht of first
connector structure 12 and second connector structure 14 can be furt_hér
improved by the incorporation of a biasing means. With refefence to 'I_:i_g. 1,

30  for example, the biasing means may comprise a set of leaf springs 46, 48
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10 bi asi ng means, and the di rren_si'-'on_s.'of ﬁ.he bi asi ng rreans,_" é,nd th?f W | |
be - wobsertizt o adj ustnent by.one skilled in the art, PSHHSEHIEPthis
descri ption. I.n, the exanple of Fig. 1, first leaf spring 46
-s nounted across fexfciot surfaces ofFir§ contédt@Crusturef12fand sirieatedrie biasr

| ayer 16 and b?’gg%ttsegﬁﬂeéxﬁﬂroétsuggcnnector | ayer - . agai nst fouréh
connector | ayefirst Gnd Wist eamestor tayers| ka20s pespecfively, iBwamsl ioward #Hcon t he

second maj or surface 38 of third connector |ayer 20.: | @ e third
connector | ayeeonngetondayer il 81 iilicgnativeiasing %F%ﬁgﬂggﬁe%éﬁp%gs 46, 48

apply a_conpressi - i viR§lafd dlye force
gener ated due ?@“%@g?&"\/&” Bg%@%éggfggﬁ%}?}) I rst aln third connector |ayers
16, 20. Thg COpRHtemplat. f A5 acther alternative; bieor both af connestordayerade, Orce
gener at ed bet ween respective conductive 20 cqQnt act surfaces % upon

engagenment of cambewodted iamrgssltg,mqlg,anjgtegml [$P3Rg form 1nto the499,nn or o
respectively. In addition, the.conpressi f.or ' | hi
first connect otdyst ﬂ@wmpgeqeﬂ%ﬁa “ggg%ggés\({:lger? ﬁ'g'cflgl F eféfdre 34(’:"[é rl}?&]ebgg{ %ggﬁler-

upon en%ﬁm& ab4in B AVfufl&tich Gl ineiferenteibetwieeniconteator yaydry i e
connector asse y 10. If desired, the leaf springs 46,_ 48 can be

provi ded with 9b0D8 and igapsoth, 30, 42 praspedtively, dhe springgharasiarisienobfacent
.contact surfaces 32. The slots can provi .. a " ' rbeant
ef fect forl0i nddjasingemeans) m#@,dlws&*@?'&ﬁfg‘& Piaspngpegns, ﬁ@“ﬁ%ﬁ be
formed in edge parti.ons. i ' this desc as
descri bed SBbJe%‘b‘B\?@!“%é“g‘%%@ smeaqﬁ%e %3%‘?1‘?%‘5?{3# t he ris‘pt&gg ked,

interl eaved structung (g efamipleof Big. 1,Jiist leafasprimgb16yis Idounged: acxosstthe first

conpressive force applied by the biasing neans, . e g.,
errp WO 96/rﬂaﬁdﬁggface 36 gf first connector Igayer 16 and bl_ages the first connector layer

PCT/ US95/ 12994 fo u(tﬁﬁzqu hﬁ%zqﬁéllg y er%, %@Féﬁs%%dnla%%pmgsﬂrlb SSouREddast a

plurality of stagaingyy uctures, form of connect or

llayers 16,,<18, 2% 8B of third corfRo1se Myer 20 and diases theithied as a
Mthin bear?‘i5 i f tﬁgsﬁgdﬁ%&%@tt ratoi o (length to# t hi ckneig)

f o)
greater than appnaeitomlagtryagiinkt fiftheosnectarddyerrafangerieaf SRAINgs#6, 48 @PRWuct i ve
contact surfaces 32, in conbination wth

the thi.n heam . b SiiaC
of each of conrrecampressiya:fosce; that ggmplgmentsdhe ‘?E?fShRS%??ﬁc? §S‘E]e%éé8mtg§%§um§ al .
force appl.i.ed b | A st@j peJordes of the
contacts in ser’%@‘l“."'“cegfﬂ?‘?ﬁd gﬁrdgg’glg tlr?g&tsgf%é?gi‘ ﬁgﬁgﬁgsa& teo
achi eve rel i abl g@bkegiHane@thecontadt force generated betiwgan fespegtivieycondugiivehan i f

Fhe Sor | 50 or ceompacsducfaste B uphs enpaasmegt REeBORGr Bk Lty 28 with B 11 N
44, 40, 42, respectively. In addition, the compressive force assists in holding
first connector structure 12 and second connector structure 14 together upon
engagement to provide a separable, but structurally durable connector assembly
10. If desired, the leaf springs 46, 48 can be provided with slots aligned
25 parallel to the gaps bétween_ adjacent contact surfaces 32. The slots can provide
a "cantilever beam" effect for independent flexure, particula;ly if slots also are
formed in edge portions 34 between adjacent contact surfaces 32, as desctibed
above. _ _
An advantage of the stacked, interleaved structure of connector

30 assembly 10 is that the compressive force applied by the biasing means, e.g.,
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by the conpressive fit already provided by the conbination of the intrinsic
resilience of connector |layers 16, 18, 20, 26, 28 and the snug fit of gaps -
40, WO 964741344, As a result, reliable electrical contaRPETP8568994s nore
easily achieved by . connector assenbly 10. 15 Fig. 3is a
schemati ¢ siplengsi 45/v48f isdisieibard 1@%@:&@%@&&@@@@%@& st&dked, thin bedifi

el ectrical connector assenbly 10" having a nul til"ayer, i nterl eaved
structure, structures;in taeémnuat{e@wqonlayms 1, e@eﬁﬂ Qﬁwé&t idolayerThe el ectri cal
connect or assenb corrgégonds to that

! {
shown in Fi§ Tonfyux[s clhgractenzed a%%n#’i%ba Uﬁ?‘ En "y tgguo JlepgthitRser ¢ i on
force” (ZIF} hlﬂfnesb@f’g?'&?@rr thé:?ﬂpﬁr@iﬁ?ateli usepk's&k&?ﬁ?ﬁﬁa genbly. The

term"zero insertionforce" Is comon er to connect or
assenbl 5 es tédratuctive wmmmlsuﬁad:eséﬁg agemmbmmdn withithg thin beam charaoeeistic

structures W|th vi rtual no cqntact _nor force. I n .other words
vi rtual |y n®f eachiefqopp e’aygégg ilg r?é&éaﬁ%‘iﬁ%‘ﬁt thg imechanicaliforee; ayers 18,

f or ce" is 2§I§pl}%tl§' tg@@rchsﬂ‘lfg st be fs[xﬁﬁxﬁggt&r\')@ ¥t of B éoﬁ%}s 1%%@5{1h§15er tion

ore 0 connec or asse at al.l ow

initial engagesesult, the total forcehedeIary e aciéve reliable elettrical vbithays a
substanti al anmount of normal force at - _ t he contact surfaces, even

though a snsighificanthy tessthandfiall mated eangastsiwgreriadividually leadedsdn gasallels 7I F or

Fo ot 30¢ he Yo aRRBERD et B Fitpe brddfbd e hedhin dfE s is comp et oo omet
;gzke Conne% @é&gﬁmsyvel@t Afealty Provided By IR oRibiRuATLH the HfirinG -

PCT/ U895/ 12%A1ence of corfriegtor &yess tﬁgril& @0y 26, 2&anch thiel sauglfmoﬁgdps 401t er | eaved '

R L
i nsertion O&)‘H&?’ko S[emgw lile and fifth connector | ayers 18, 26, 28,

respectively, signi ficant anmount of force. The 5 greater

wi dt hs1®f gaps 4@ig.Bis isthematiciside-yisw of asécond Rkempley embbdiatenyeen t he
maj or surfaces 36, 38 of ‘interleaved connector |ayers 16, 18, 20, 26, 28.

As a aw glertrical conaiectop Avsembby 10 thaying 4 multilayes, interieayed) sEemtiies t or
structure 14 Ve e of force,
and can be Hh%ﬁé K{ag&f wétB ‘5% ﬁ?e%érlt m‘?%}@ﬁg‘r dra{'\gflﬁ%gﬁéal %Plu—&é:ﬁr?g%t%gb:];' assenbly.
10 10" oF ﬁgaglsﬂgsmm% doPreBpands @ that ShdwiPRI Figd 1C8@Pisessi ve force
after initial engagenent of first and second connect or structures
12', 14'. Toenflgused agja so-called 'rerminsentinndorss” 6ZH) tori"tew inserticncordedr ce

bet weep. r es I ve conducti.ve nt act . surfaces. 32, an acts-as a

| ocki ng devi'cs) CORREGATATSCIRN 4y ;ﬁﬁmu{ﬂgﬂ?%&%é}f 15 common used

to refer to connector assemblies that allow initial engagement of matmg
connector structures with virtually no contac't.r'lormél force. In other words,
virtually no "interference” occﬁrs upon engagement of connector layers 18, 26,
28 with gaps 44, 40, 42, respectively. The teﬁn "low ixisertion force" is

25 commonly used to refer to eonheetor assemblies that allo'ﬁv initial engagement
of mating connectof structures witheut a substantial amount of normal force at
the contact surfaees, even though a small, nonzero amount of force.ma'y be
necessary. A ZIF or LIF connector assembly typically includes a locking
device designed to hold the connector structures together after initial

30 engagement. Like connector assembly 10 of Fig. 1, connector assembly 10‘ of
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dur abl e, engagenent of connector structures 12', 14'. As shown in Fi g 3,
the 15 woasiing3means may conpri.se, for example, a frame FETARISAY 4n
aperture t hrough whigh:first. connector strueture 12" extends. The
aperture of fr figured & efHbIEREEIRAE thidrfeaded EfiagemeRbiTdnheadioeen an

i nsi de surfaceﬁg ﬁgo?rl%\‘#’ewang second nyj oﬂri:@sgurface. 38 of third
connector | ayelayef. 16180001 26, 2% Howewer iggps 44 40, 42 are dinensioged tnhavegap 52.
In the exanple of Fig. 3, the shape.of. shuttl s 20 0 pering
outward from t wedthaf3nahlesef 3;96?‘?1{“05?_"‘131@3%‘??8“ rogglgévt‘ﬂ"é\] aggé‘ﬁ’éh (%%gectélg to
the wi dest poipt at 0BROSI S E SR ount OF fékck NtThegap 52,
the tapered supafyglgsel%fréésﬁgt ﬁsé&gi@@h%ggt§ﬁghﬁ$§? e surface of frame 50
and 5 appkieaterwithe ofgapens0, 4214 dvoii sigsifidant swipingomntactibétiveen the
connector structure 12'

. - The force applied by _shyt results in
a conpressive fajeressurfages 3fi, 38cof interlsavedronnecipriayers 1@, &gnié-i%ﬁgésr ¥ts 16,
20 toward second gonnector | ayer ' (By\ ¢ de an
el ast omer or Ié%ﬂ‘ﬁs Fit ﬁ&nqegk%rfﬁrgﬁ%\ge }%—gﬁ}d osreg%nda%og‘lql%eté} ﬁr&%@%&o c?rl? Pgt
connector Strughd E‘er@%‘ ed WRGut GORFREnSunt oY fée, 1ihd daA behariopriged anps
44, 40, 42, respectl e%y, the conpressive force serves to hold interleaved

connect or assegfthar alBIF oohEF benmnectmassembdyice rel i abl e el ectrical contact 30

ggt ween T \el\%pgg; |1\7/i 1C§Ogi(31lsji(r:1tgln\1/eean§ %“&%%%dé l%crs tl%ﬁae:% a%%inpressive force after initial

PCT/ US95/ 12994 ' | binetot SaERIEdsCI 28] l; VIRvbiating third
exenpl ary enbo§PERES e(r)x%ot;ifr'%rst and:k&ogﬁggtri cal conngctor assenbly 10" havi ng

a multilayer, igdaf§ bfifnesk eledtricdlwontact force betweemraspedtive conductive cortagr esent
i nvention. The connector assenbly 10" of Fig. 4, I%‘u stantie}Hl%

cor r esponds tosurfm@ﬂoﬂﬂéggé#bﬂyﬂel@‘gﬁeweg.enil}n"&ﬁepmp n@pt SIBICtUTALY ¢ | ydes
a gui de neans for guiding engagene f,f] enpact pr . tneqld

and second conSu& ’félﬂ?%ﬂﬁi‘?é’giﬂ“‘{.&‘f’ﬁé"gﬁ‘@ﬁé lze’a{n]g'e%%a@@?]%rg fg’ea]e

hori zont al;sal i %ﬂ%m@iﬁsﬁﬁﬁ@&rﬁbﬂfb, FoREkaniple, S FAME30thavitgfacarrtdf coupl ed
duri ng engagenent connector Structures 12", 14", and facilitates
vertically through iwdriehdfiest gonpectontstructure: 821 extandsc (Ide apesyuse of frapgiSQap 44

and between 10  connector l.ayers 26 8 and gaps.40. .42, .r.es Lvely. As
shown in Fig. 4 dimgnsioned to d%%s%é%ﬁemn r‘r‘&l‘?esﬂi,rf%lpf i@?aﬁr%ﬁé a}( (g socket
housing 56, m's%%orﬂﬂ{ljﬁ%? surface 38 &f third ORREARST 180er 0. Uﬁtﬁlﬁﬁlelﬂ:# configredieader

housi ng 58, whi ouses "secon connector structure 1 The socket

housi ng 56 i nclydage b ighp 52aanthe exantple of Fig. 3, thnshage o€ shuttie 5édsi ve
connector |ayers 26, 28, whereas header housing 58 1% %nclugg% a_second
aperture 39 corslongds tapering outyeard fram Hhemareaweshpkat ige eagreceived by gap

52 to the widest point at an opposite end. When shuttle 54 is slid into gap 52,

the tapered surface of shuttle 54 engages the inside surface of frame 50 and
applies force against both the inside surface and first connector structure 12'.
The force applied by shuttle 54 results in a compressive force that biases first
25 and third connector layers 16, 20 toward second connector layer 18. The
shuttle 54 may include an elastomer or leaf spring to enhance the force applied
to first connector structure 12'. When connector layers 18, 26, 28 engage gaps
44, 40, 42, respectively, the compressive force serves to hold interleaved
connector assembly 10' together, and produce reliable electrical contact

30 between respective conductive contact surfaces 32.
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20, as well as the socket housing. In connector assenbly 10"
of Fig. 4, connector layers 16 and 20 are attached to biasi ng neans -
in the fwareaN4Beal springs 60, 62, respectively. The PCTIVYAN2¥0r | ngs
60, 62 are attached at the edge portions 34 of connector |ayers 16, 20

20 and produce a W@Chf§4a.*.dﬂeﬁaﬁ@srﬁé-viéw‘ofh@ﬁr@éferﬁﬂﬂ@%iﬁwdﬂném&fﬁandue to .
spring : force. The spri ngs 60, 64 exert conpressive force against
connect or | ay:bcmcabqonnector assem Iy B} be\tlngrelrpuln&ygr,ag@rlﬁe\tedu SHUSHIrSrINsyr f aces
of socket housin ressive:foree t he.
respective edgor |“B§'st?’§zi?r?§f"’m018ﬁﬂ§‘&"0rﬁ% conn tf’éwf‘@b%{& BPF efd t he
edge portion fsgi%@tz{?lfnaﬁ?%ﬁ hdd RY@nnddor 486BHY102EE Fig, 1 Byl Fﬁ'rﬂ\@r a

conpressi ve upon’ engagenent of connector | ayers 18, 26, W th

gaps 44,540, irtludes aguidel meaisyfor gmdstgnngagemﬁng)f ﬁtst ddnnecrtondsnmture d2Hect or

| ayers 16 20 can be hel d in |.ocki r% %eneL row ded i n socket housing
56 f oAnd sepend coRnesIny SYCHHE, %s't"ﬁép%& of connect or

layers 26, 2?8 s asllgm%gg@ﬁéﬁﬁechoewf&cé@e e&ﬁaa%aﬁs&s@@%uggd% can be

made from no metal, and can be confi gur with

apertures 57dufiflg Bagdgethetii Gftdvhnestor structures 12" 14'*, and facilitates vertically
24 WO 96/ 17413

PCT/ US95/ 129¢@ligned engagefeest @nweﬂ@omwwrdeyq 16:an6; 8494 and DRVARen t he

Channel 4066 Shametriaers, 06 74 8T sams 40, ¢#3- respeerdbfy, TRESHAGEI Flp, 2, pme 01K, 00
surfaces 32 fde'rﬁ&n%@%m%serfdrasmﬂela soé’k'bt hBhﬁngSG whidhl miusésn fit

conplenents e conpressSive fit of connector |ayers 16, 18, 20, 26, 5 28‘
and t her eby frusttdaanemfrmnmeseslﬂ?'uandjmbadmmabsmgﬁﬁ whmhdmwmorulsserrbl y

10" artial sche I. C ont ect Lye view of
the el ectri c&pnnector S"%Etb‘Fﬁ]gt'or SOEkRL hQuSing I‘l‘b%'léqsr‘? Jm T‘Eﬁz

provi des a tr u t ou5|ng 56
and header hogéﬁ%&éégo Yércgféyg%é??e\%?r la?d??ﬁ? ngsz own, agéerrtur i3%557@“ S

configungd t encledespl secomiaperure SAgenfiguréd tPfeceivi eomrEEtor layers 16pE8,t ure 58 is
configured to accept the entire socket housing 56. Fig. 6 1is

a schematic 20das welws ghe sockef lUBINgx enpl ary enbodi nent of el ectrical

connect of assenbl ¥, %ggneﬁ sk 16 IRV R cornBUBE IGANHE A PR

in accordance wt ese vent e connector asse Yy 10"
Fig. 15 QttdeHRa 8 Bidsilgl MediRIih GffORMSOTtIeafspRNGS 60) 62 yespeotivel$.0'Thef  Fi g

4, but illustrates ot her features that can be incorporated into the
connect or as deafisprings60, 62 are attached at the edge portions 34 of connector layers 16,
20 20 and produce a bend 64 in each of the flexible connector layers due to spring
force The springs 60, 64 exert cornpressive force against connector layers 16,
20 respecuvely, and agarnst interior surfaces of socket housrng 56. The
resulting compressrve force biases the respectwe edge poruons 34 of connector
layers 16, 20 toward the edge portion 34 of connector layer 18 thereby
25 providing a compressrve fit upon engagement of connector layers 18, 26, 28
with gaps 44, 40, 42, respectively. As shown in Fig. 4, the ends of connector
layers 16, 20 can be held in locking channels 66 prbvided in socket housing 56
for stability and to avoid colhslons with the ends of connector layers 26, 28.
The socket housing 56 and header housing 58 can be made from molded plastic

30 or metal, and can be conﬁgured with apertures 57, 59 havmg dimensions
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exanpl e, contact bunps can be formed on one or nore of the conductive
contact swydegemiB2 of connector |ayers 16, 18, 20, 26, 28.PETYSI¥I28pns
contact bunps 72 formed on the contact surfaces 32 provided on both major
20 | surfaces, 30, SlovRAMERIRN it B¥RHcen e RRPectiVe hBMRNEI If HoBingst bunps
coul d 618 ormed on a-single major surface and on only selected
connect or | ayeyes 58 are made drono netaiglocking obamriel 166 showld ingludedpswiationd@nps 72

concentrate, and thereby " enhance,, contact forc et we u d
contacts 32 ofpreyrat sheréipg @59@@3‘?}0'%‘“}}:@%?5032 carnecf‘gy F&?}EFE"’?%‘{“"&@@ gg %g 28.

In addition, the.conta : dyeESLE. 18120, 26, | ocal
conformabi | i tf%*‘oﬁlrglﬁ Fﬁ'ép%(&)“r?tagsc%ggur*Saegge]sgggg,sfte?]%n%étyirelygs - better
force uni féor M48/and thereby further enharides sfroctoral dorability loff gbnrestos assembdy o

features (not shown), such as random points or asperities, on
contact bunps I®'.or directly on contact surfaces 32 al so may be

desirable to further. eghance _cont S : ' §kal that 30
the formati on of deﬁ’ér St‘éé W%ﬁﬁa&cﬁéjﬁ?ggﬁ&%ﬁﬁgp%gfﬁp I F connect or
25 VO 96/ nddidr assemblg'n%(%'f shown in Fig. 4. Fig. 5 provides a transverse view of

ass

PCT/ US95/ 12994 I es such as that described wth respect to
Fig. 3. The higgermseesn, Soafisocket housing §Gand beaden hopsing PBcrespectiyelys Af pe and

enhance the contact surface area_of the I Nt ey connectybo cont act
bunps 72 Hhd/ oshoming@perswyecy’ is &Pﬁ‘%g“f"ﬁélf%?"é@ptc%ﬂ‘?“ﬁ‘gor layers r}%1’ ?? he%e%éggc ont act
surfaces 32 by_co A ni ocl@PASLsinDs6.0f 5 netal s

such as copper?pq{alegg%éﬁo%ﬁgﬁl?%a Iaggﬁrﬁén)léné&-gl% e The connect or

assenmbly 10" of Fi gig.G ®lasehéhaticstideview ofe foutir éxeatplary epfbodiment ofone or
both of connector structures 12"'

) _ , 14"' as di sc!iﬁte conn&%tgi structures
desi gned for atlectricaleanneasonassemblycld’ ¢ihaving:2 BYLHEY S, INSETHRYSL FIEEYSni ¢
devi ce. . Fabricatio SET v 1028 RIgEr et e
connect or st r ubt }CRLARES wﬁh&fnqﬁ%@%ﬁ%@n&%h? sb@fe %ﬁgm aagrs? ca?’ ilgﬁ gg 1? e
connect of 151 I UEL\b &Sty CBffelinyito connector ASKMBH 10" oF FighI4)rtas iltustrateas
printed ciTcuit oarés ‘olr flex circuits. Fig. 6 shows an exanpl e of

t he fabricati opthef feanras ttaocarsbe incorpopated inie the efnpeqter assembly. Fehnnect or

structure nounted on a printed circuit board 68. The .
structure 12, F¥RIMPIA ?@%N&psﬁ%&ﬁ%" ,°'b%'???fem85et%o[§€?§% V%o print ed

15 circuit Boabg SfrplbRboimnbaat layesa6218020 26, OBIUEHl 6ahbrsces in (he |

printed cul ard via conducCtive pins 70. The connector |ayers
16, 18, 20 canchfact bumps 72 formed on the contact surfaces 32 provided on both major

20 surfaces 36, 38 of connector layers 26 and 28. However, contact bumps could
be formed on a single major surface and on only selected connector layers,
according to the situation. The contact bumps 72 concentrate, and thereby
enhance, contact force between coupled contacts 32 of the interleaved connector
layers 16, 18, 20, 26, 28. In addition, the cbntact bumps 72 may produce a

25  torque, due to local éonformability of rhating contact surfaces 32, that yields
better force uniformity.

The formation of high aspect ratio features (not shown), such as random
points or asperities, on contact bumps 72 or directly on contact surfaces 32 also
may be desirable to further enhance contact force. It is noted, however, that

30 the formation of dendrites may be most suitable for ZIF or LIF connector
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coupled to pins 70, and hence to the conductive traces in board 68, by

I nterl am nate connections forned in connector structure 12"'.:The

conduct WPg6/17413 pins 70 can then be bonded to printed RGIEUL/1294rd 68
and el ectrically coupled 20 to conductive traces in the printed circuit
board by ‘copiembiiéystich a8 kishe described withefelpatatcs FigOr3ethd Righ iSpded adtid

Figs. 7-10 illustrate various additional enbodinents of "an el ectr.i cal

connect or afatires ¢antprovidg az-axis wipegrd enhaneetheagutagt surfage arsacof the
accordance ., . ~Wi.th e present_ i ntjon. JThe electrical connector
assenbl i es gﬁgﬁm%ﬂ g é{f‘,e fgnmgtebﬁnlﬁnéig@{%ﬁlpgg IaFBF_Ct Eﬁ%"e’%ﬁt&fﬁ @8 %hose
shown in Fi ggmed o cofthict sirfdess B2b§ coifentional tecHriélids$8f iheUebsiflorf 8N NECt OF

assenbly, in accordance with the present invention, ~~using a smaller
nunber $f i newld smhead copparetinpgoldapepalladium nickel. Wth reference to-

Fig. 7, f | e, fifth baodi f a |
asSenbl y 73, 1 n ABE GoRIERISE SETIPIY O pPE EBR(b 1R Uiaseses the fabreonlo
f1rst conneghPbr 5th ¢t cbhectst strithuls 251 141 @as bisbrte GRRBS! Qpdrgite’ 72, and

_ _ v 17413
PCT/ US95/ 12@&4gned for attsvhamenttocopristet @ircsit boaidwreotiér diectionis devilee. r  of
st acked second and third _-connector |ayers 77, 78 separated by a

separ at i on Falyrigatign of sganegtorstructyrascizse, 14" as diserstercopneqtar SFUCtyTgE | uded i n

‘connect or assenbl v 73_0of . Fi o Yo er, and

arrenabi(g toaﬁI YCt chug?, ggggggégétgogg%ﬂtﬁ%ﬁanqegto&ggﬁgtggés%s cbn{?ﬂ@ connection
densities. dIihesRds rbctang shél APpeRBa bt bbaus bf fléx cirdditsdeFighe a gap
82 therebetween adjacent the edge portions 34 of the second third '

connect or | shoovssan Slasmpleapf 8@ fabrication tod iconrdctor struptune 42 asvadisceatar at i on
| ayer 80. The first connector layer. 75 is-oriented to engage gap 82
upon engagef¥HIECIYF structure ’F’P‘l’@f‘?eﬂﬁr@&t cizquit g $ék7 hz%ﬁ?“ggifﬁd connect or

structure 7 X . ASEE 306 hed tlnreagh of
connector | %%@8712,’ Q’%@@%%&P%‘&&Zﬁﬁbge@w&@hgﬂ t&oPn@%ﬁduct i ve
cont acls sur tineuisbéizd &8 and eittridatly goapled dg eomductive trades infthd pented

respecti ve connector |ayer. Upon en8agemen't of first fﬁﬁ tor | ayer 75 and
gap 82, coneigedt beard yia ¢enductive pine JU35The connsctor jayers: 28rcapdeer are

| ed ' [ Siff . d and third
Connector 1 SgRE A i Z6T SIS R’ BRUyaHE BEESin Yool SBTHPLC 275" o b

provi ded onjrfi@tdininatel dohheddn®Formed in cofinéct@atrudren'a Theooslueryer surface
38 of connector |ayer 75. However, because only.second major surface

38 of seconginsdAreantthen berpended 2o printed; girpuit board 68 ang electzigaliveeupidl of t hird
connecfor |ayer 78.engage.fi.rst.connect. | ayer. 75 via . - gap 42,
condu cé‘i?v e Eq\;?ﬂ"éiﬁ‘[m%&?‘%é & h@'ﬂﬁ%ﬁg °‘6?H‘§£%aé3 r?ﬁB&‘“X‘ﬂ“?Jr&S’L%"’ su ?f gc es.

terminals formed in t_hé board. '

Figs. 7- 10 illustrate various additional embodiments of an electrical
connector assémbly having a mul_tilayér, interleaved sﬁ‘ucture, in accordance
with the present invention. The_eiectrical connector assemblies shown in Figs.

25 7-10 substantiaily correspond to those shown in Figs. 1-6, but illustrate the
fabrication of a com;ector assémbly, in accordance w1th the present invention,
using a smaller nm_nb_er of interleaved connector layers.

| With reference to Fig. 7, for exgmple,. a fifth éxemplary embodiment of
é connector assénibly 73, ih accoi'dance with the present invehtion, includes a

30 first connector structire 74 having a single, first connector layer 75, and a
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20 As in connector assenbly 10 of Fig. 1, first, seéond and

third wo sanmsct or | ayers 75, 77, 78 of “connect or assentﬂqrwﬂl”“
preferably incl ude a mat eri al capabl e of resjlient deformation, and
may conprise !Alng ARG ?&$§téﬁ‘ém 76 haviRg 'a:PaﬁdofCétidRHH tsedoRM@RA thisdich as
printed circuif ayers or Flex ci It layers The resilience

of connect or |%M@rie‘i:to?‘5aye?§ 77,778 gupaitetiby a separgticrsiayerc8Q.i Agaiy, the preciien
first connector structure 74:and second connector_.stiucture 76,t hat

enhances i nt er aonberof Me@dmlmd ‘F‘(ﬁOEBC%‘PFoasé‘F'FWé’tE’r 1ol dABPITY, of

e e s g AR e fgsespltge .

formed from a hi@idnAitidhidehsities. The sstbrd amn tmrdscoimscmewyefsm medeﬁmeu re
connector sStructure 76 be flexible. The 30 second and third connector

| ayers 77, 78 afgapeRotherebetwest adiacent the edgecpordorsadf of the second third
27 V\D 96/ 17413

PCT/ US95/ 12994 connector laygrs.p, The gap 83.f, sybsiantialy coplanar with sparation layer 80,
produce an | Nt egh 2o AR layer 75 is %ﬁ@ﬁkﬂ%bﬁgﬁge%@pmtﬂﬂgweﬂt of

i nterl am nate connéecti ons US second connector structure 76 as
wel | as first oisnemnectosstructirer’d and,second donnecsar strusture 76. As uscmnpﬁér a

di t t t b

lox o roudt . gsssmtiy il afiEof. sadt of AORECERTBES o Turr& PlieT £ el bea
b W t.h t ' ' %&@g‘b‘{n

?noggnnector as%fecﬁé&‘sﬂslg cgéﬁﬁfﬁ?fagéy%ggfs preféra @e?gngﬂhﬁg%gf-gﬁed to

have a width n%gl;ﬁ)éh?é‘@élﬂl@ctbﬁl@@ﬂpup%ﬁIemgigemlaﬁﬁrs% lcmﬁecmrlmm%ranldayer 75
upon insertion he insertion of first connector layer 75 into eg

creates 10 b @2ymonductive D@@Qﬂt&ﬁéfﬁc@séﬁ’doﬁ the FirsonBeIRIIa% eI ATE I‘FP\‘H

_connector |ayers (0 r

| ayer. The resi P|tE?1F°'L‘§ﬁH\é%?Qﬂmcl?;§§%a $3283d ﬂ?énﬁd céﬁﬁégt%qgﬁgy Tng
force, howaver, g hﬁ%ﬁ[ SBAductiVe BHﬁthttﬁ?fa&Wé‘dn' Beprovided onCswti @ dirst mhjoy er s
back toward their undéformed positions, and thus in an inward

direction towargurfacé 36 antbamecnmirmajayemrfalﬁ 38T¢fecmaeqten Jayer Tor Howenglarts a 15

conpressive force to first connector |ayer .75 t OVIdeS ssive
fit to - thesauseranly seepné mayer-wefage xgpfm &en tor7lgyer |°§‘%g‘gﬁ§§r essi ve
force al so | ,757@ 78
engage one anot'ﬂ@ﬂ‘J ‘gﬁ&%gfmrg cﬁﬂ%%?é]ﬂe@?%r?ﬁa&%ﬁ%ﬁmfghﬁéé%ﬁa S . :

bi asi ng neans, d4p 42@oh@idtiveicohadd surfaces 32 figed mﬁb&forlﬁ omﬂmseakm’facbs

provi ded on connector structure 76 to enhance 20 cont act for ce and
structural2@urabi | i t&sdd cmmm@cwerr@hsé%fflgzal fist, second, apd th Fig. 7,

leal springs Sélc:on%gct(c:n{i Payers fgo%t %g of SofActoh 'aggenﬁﬂ'i; f7§(b?§fe&fol)$ﬁlﬁﬂf&g a

material capable of resilient deformanon and may comprise thin, inexpensive
printed circuit layers, such as printed circuit board layers or flex circuit layers
The resilience of connector layers 75, 77, 78 provides a compressive fit

25 between first connector structure 74 and second connector structure 76 that
enhances interconnection contact force and structural durability of connector
assembly 73. Ag‘ain_, as in connector assembly 10 of Fig. 1, separation layer
80 does not fill gap 82, and therefore may be formed from a rigid material
unless it is desired that the entire connector structure 76 be flexible. The

30 second and third connector layers 77, 78 of second connector structure 76 can
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connector structure 76 and oriented to bias second and third connector

| ayers 77, 78, respectively, inward toward first connector |ayer 75.
Fig. 8 WMOo%/Wdhenatic side-view of a sixth exenplary enboBFRHERIYEPMan 25

el ectrical connector assenbly 73' having a nultilayer, interleaved
structure, iy peld to euﬁ%sarflﬁ\r&smmet MarkiAGLGT RSSrOHudd WETtdgeal, sthbitede! ect ri cal
connect or assenbl yg7 Fig. 8 substantially corresponds to that
shown i n Fi gronstrudsion acsommnﬂatgmrloécrhmmate connegtionser Bhysa se¢onton force”
connect or asserrgqli%/ Li ke (; nnectﬂ connect or

assenbl y 73' COPREGEPISITUCYTE JO, a3 W &ﬁ%ﬁ&ﬁ%&éﬁeﬁ"‘t‘h‘rﬁ%e“’d‘ @O%ah dt h

bl f t hout
<2: gpa e o ga@feﬁgpgaisb% EtnRbtbt QPu@ireSRCPEhRRMETIMED LRUSE bodRd Wrt hou

PCT/ US95/ 129 circuit, prcmémg rallfofcthﬂintemmnwumi flfmtlonaht)b\dbsca&ed\gbmmms in

the formof franme 88 and shttbg f__s p{%wdedtowrpart a

conpr essi ve Wigh £espegtite the WWP‘&P‘%Q . f| rst and second .
connector structute n e 2 prcterdPlyYis Himensioned 81 Fi 0.
3, the biasing mtahgl‘ncs?’ ﬁélcrtorc%sgenrgléﬁ ass ] ga‘% ls8 e-ﬁhsé%ces 5

el ectri cal Ctﬁ%&%rdimﬁﬂ@o\behu@mormnﬁessw&y mgageuﬁrst\cenmmmyersm faces 32,
and - acts as a_|ocking device,_ensuring separabl e %5 structurally
dur abl e, uponenwg@fneﬂ'he ansertinnRf fitst connector layes 7y into 2aB 82 cigatetown i n

f
2 et S esSpation forchR el RerdB il et ol Mol BBtk 907801 OT
define a ga%ﬁ%M%Wa?% ViesSfifshBbrinedto? fayetO The MiRiRn6Edtinktter 8yetss sl i d

into gap 92, the tapefed surface of the shuttle applies force ‘
‘agai nst bot H7%, %8 producten sesisting éoroé, haveeverthat tendsie m@hdmre@met or

structure 76'. The forc | i S tIe rovides.a conpressi.ve force

that bi ases COBREFIEr Qﬁﬁrsﬁﬂ?fgo ﬁﬁ&v}’fﬂ %V%“fdzp"f&mn%m{cg%éfﬁb“ gfﬁrgy a5 nect or
| ayer Vs 0 Mrﬁ&, 7i’npartZ§ t oget her and

ensuring relclhgl%floa?@[’ﬁia ﬁﬂlgfe)%%?%o gﬁ(ﬁa The'ed et FIg. 9is a
schematis sigbnpressiveoforce weﬁasmdnneuenﬁyar 75 dmbprbmdasta a:dmpresswe fito

el ectrical connector assenbly 73" havin nul ti-l aye i.nter] eaved

structure, the interigayed COBRRFLITCEUGIUSS Y%%%r'ggéﬁf’mﬂ’ﬁ?@ﬂ? fofee alsRe connect or

esemtl y 73 wvideh wiping periofl o OBtk WIS TEOH FBAARAR, O GRMECHET

further inclyfgeomnddttrdseiRAP10 of Fig NE. fﬁpbiikm§ means,difi theﬁoi-mohhuﬁl ng 94 and
socket housing 96, for guiding engagenent of Tirst . connect or

structure 74sprimgs 3486, cancismee providedranceonnectamstruchure JR3QEnhance g.
connoctBl | yassros ant KRR RuRBT, b FomkeRR A L A FRaR T
confi gur ed F1g 7, leaf springs 84 86 can be mounted on exterior surfaces of second
connector structure 76 and onented to bias second and third connector layers
77, 78, respectively, mward toward first connector layer 75.
Fig. 8_ is a schematic side-view of a sixth exe_mplary embodiment of an
25 electrical connector assembly 73" having a multilayer, interleaved structure, in
accordance with the present invention. The electrical connector assembly 73"
of Fig. 8 substantlally corresponds to that shown in Flg 7, but is configured as
a "zero insertion force" connector assembly Like connector assembly 10" of
Fig. 3, connect_or assembly 73' of Fig. 8 has a gap 82 d1mens1oned to have a

30  width capable of accommodating insertion of second connector layer 75 without
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25 to receive second and third con'riéc'tor'.l ayers 77, 78, as weII asgéihe
socket wo 96/11a8si ng. The second+and third connector |ayerrgr7};ﬁ95l-1,§ re

attached to biasing sFeans in the formof l.eaf springs 99, 100,
respectively. T B‘gnifﬁaﬁtéﬁ A19F f&%e. A biasing M&isAinahaférmebeframe 88endedge
portions 34 of cOnnector |ayers 77, 78 ang produce- - a bend 102 in

each connect or stuajee90 igerovisied po impart & compressive éw@g aBFf ndinl engagemegpol
ayers 77, 78 2] 08Tl cond Sonnecror Hrachifes 4 T 167 A ARSI AsdfflyRigr! 2c
PCT/ US95/ 12994%51% 3 aitt;}ei@ﬁéﬁﬁé i3S fitEoRRectdr Ws&bly T3S of Fig. 1éntnees!

conpressi ve folc connector layers 77, 78 that biases the
respect i ves edgglepwichi cntacBforoé betaees eespactive conductivectontact surfasendiiand | ayer s

toward the edge portion 34 of first connecior |ayer . The springs
99, 100 enhance_ctsh&admgaé%‘ﬁl%eﬂﬁ{n%%ﬂ@?éﬁ’Bﬂbhmrau%ﬂﬂ?é nt of the
first connector |ayer 75 wt 'R 116 Fid-08 | farfle 88henati c
si de-vi ew of aRPEABGWERt x@%&éﬁ‘;&%&%‘gﬁ?%nﬂ% As showﬁ ' arllég?’ect rical

connect or asseﬂ?%%n%%ﬁur@ﬁﬁ'b Whith sebdridlychnedtot strictiredié' extends. The uct ure,
in accordance w the present invention. The connector assenbly

73" of Fig. l@peruirsioffitame 88/ischmensipuaddo define 8:gap Hohatassenes Suitle G i g,
9, 10  but illustrat he | | f t d
the 10 oncWhen seutds DA% S e Bab 82 o6 et Msfick of D hutiapplige o ©7

layers 75, 77, o i i | 6t4n@ Shitle hdSdcond Comfecmpnnect or
structure 74" ’for%.agalg%t bé)ﬂgp%nlﬁgge SEitite circuit board 108. For exanpl e,

Fig. 10 shows Ggpéags 7é)urmie fodée dpplies dyshuttle 90 provides e camprassive forgees 32
provided on both major surfaces 36, 38 of fi rs@h}{,\%s‘ cdopnect or éa err7_5,
for concentr at itheg biasas sesond and thirdcqpneator Jaysts Owgrd Irst conngg ﬁ%?)’g Yof

the fabrication_of cgnnector o 78S 78 & QRRE r&iable
structure m)un'?lédt@ﬁ%ﬁ%%@%ﬁ#&%ﬁﬁmﬁa'(7143189 f\ﬁggﬁ‘%ﬁ%@ugﬁ vegpi nas 109.
The 15CONQiKetid4e cont&. 109 can be both mechanically coupled to printed
circuit board ' 108 and electrically coupled to conductive traces in
the printed circuit Higads dychematic sidg-viewtaf asevensh eyemplagy empedigenty

coupl ed to connector |l ayer 75 via . wdnterl am '

Fa 1109 o sametied eomesianesoly T3 i s AR RN M,

el ectrical conn : veRtich. "rhé coiéefor aksehidly #3V &f Fig.
structure, in lﬁ%g&d%i%or a%hgép}gmsegﬁiqvﬁgupresent i nvention. i.I'he. el ectri cal
connect or  assenpiubsiahfialbpcorréspohdstecoanédtorsassebly 3t afi Figt 7ubetulike 112 and a

second conzre)ect Ocromsxécrtgx? ;sl;enelbl%rll%” of Fig. 4, further includes a guide means, in the form
of header housing 94 and socket housing 96, for guiding engagement of first
connector structure 74" and second connector structure 76''. As shown in Fig.
9, socket housing 96 includes an aperture 97 configured to receive first
connector layer 75, and header housing 94 includes an aperture 98 configured

25 to receive second and third _cqnnector layers 77, 78, as well as the socket

housing. The second and third connector layers 77, 78 are attached to biasing
means in the form of leaf springs 99, 100, respectively. The leaf springs 99,
100 are attached at the edge portions 34 of connector layers 77, 78 and produce
a bend 102 in each connector layer due to spring force. The ends of connector

30  layers 77, 78 adjacent bend 102 are held in lbcking channels 104 provided in
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The connector structures 112, 114 in Fig. 11 are depicted as having a high
nunber of connector |ayers and separation |ayers, and thuys_illustrate the -
vast WO9/17HBar connection densities that can be achi evé® B %A%  ectri cal
connector assenbly constructed according to the present invention.
Once agai n, sdcket fising 96 eThes springsi99; 100 ekexy corapressivelthrde againstnnect or

mbly 110 i | ] T
3\%886 / 1¥ 41 ;;,conlnsc.actllc))i'J Ea(;elys 77, 78 that biases the respective edge portions 34 of the second

PCT/ US95/ 12 : gﬁ.e]g? h¥wa ' AT f“e'otn' chtBLlaS8se or
decrease ac%gﬁ%l‘llrrﬁigc_o Be‘ﬁes. éelglywaﬂa%?%?%%%ﬁg%?mz}mensﬁﬁ e_s.a?The first
connect or s73.uUTherspridgsX99,i 100tenharoeahe tempfessive fit pfodycedlupon i ncl udes first,
second, third, fourth, and fifth connector |l ayers 116, . 118, 120, 122,
and 1245 anengagement ofshe figst coppector layes 7Sovith BaR8%ar ati on | ayers 5 126,
128, 130, and 132; e.second coprec 1r ure- 1.1 i3 i.acl udes
sixth, seventh, é}ggﬁp”sgggl? nlt%t#&gg}ﬁ%%fts%'raglgygsg&%we%é,a{'ﬁ%%wand 140,
and f arf Electrichddhne@BFlasi Byt T8' Seavinptd maltilaye] mtdrfdived 44, and 146.
In the exanple of Fig. 11, the various connector |ayers and separation

| ayers havesthuctgre, praccondasce withitteipregersinventior e tTheapnnegter asserably por ti ons,
10 indicated by _bracket 150. which are bent to_exte wan.angl e
relative to/dir¢ _Flg-Ei sub%}qapgﬁgrrfggndq- frc 195 aﬁ&?’ﬁﬂbﬁ@ ioﬁ(ﬁ?%%’ed by
brackefq 1504, &GS ration of cdtitidt baRDs 166 Oforiled ondhé OUS connect or
Iayersiol n.H’tgﬁk% .?sste@grll porr%tll%nng 150 of Hr%s ’c(.)cgn_necot or layers 116-124
and 134- 140cenduetive contat amtfaces 3@ of enp enanare loficobmector layers 755 1, 78rti ons

- 148. However,. the connector |ayers can be bent at 7gny %jgll e to 15

achi eve desind:theimeuntiag o at leaghonsrof SopRestemYructe 763 oA RIS angl e, (
referably i.s e t A, ' firfdss Vel h
(F:) racki ng, g _Elrcuw?%él?ﬁg' c@ﬁ:?g%bg&’ F%ellr(g%h%%ﬁ%’gtg?y %@?gg@?ﬁg’n ld-’@ongzct Ive

traces. the contact surfdces 82 ?ﬁdvi&am‘tﬁbétﬂrmijbf sirfacee 36,138 of fitsst portions 148
of connector |ayers 16, 118, 120, 122, 124andseparation |ayers 126,

128, 18D, leowmectoelayepdS, fortcopesntrating gontaesfoeeantige 10/alsqishaws@h, to form a

5, 1 e Yo 1. et _ o M ,
first porti GHanRast oie EBfirionst conpeser SR 7307888 Worgd EHeHIGF |04
separat i on L@N&ﬁ% n’# ted 8t a é)%%daéi?tuheddiré 008\ adonti@ctiverping109. The

mul til ayer stac e second portions 150 of the various connector |ayers
define a setomductive pimsd0P ehn bepoth Machanivallp goupled to printed cirayit beardr e

substantially 25 copl anar wth respective gaps, -but, stop sho of edge
portions 34,16$ gg@pﬁ@t@g%gouplgﬂ to 00@85%#%?'5@@&“%%%{?5‘?0#@%_s. In
first nne ' 14 Qb ES1fEPof 1 gelge portions 34 of
first gﬁd s%@%&%‘éﬁ%@%ﬁﬁﬂ]%%{’%hgfgl,lplﬂéo .?’1‘3}3???13% first gap 152,
lthe edge poqﬁtémin&fb@hneamm and third connector |ayers '

Fig. llisa Schematic side-view of a ninth exemplary embodiment of an

. 30

electrical connector assembly 110 having a multilayer, interleaved structure, in
accordance with the present invention. ‘The electrical connector assembly 110
25 includes a first connector structure 112 and a second connector structure 114.

- The connector structures 112, 114 in Fi_g. 11 are dépicted as having a high
number of connector layers and separati':on layers, and thus illustrate the vast
interconnection dens_ities that can bé achieved by an electrical connector
assembly cénstructed aéco;diﬁg to the present invention. Once again, the

30 precise number of layers included in connector ass'embly 110 is purely

30



118, 120 define a second gap 154, the edge'portions 34 of third and fourth
30 - conngebem7diayers 120, 122 define a third gap 156, and_PFﬂ'gjsé’ﬁb@”
portions 34 of o ' ' 31

WO 96/ 17413 /6t and amenable to increase or decrease according to desired

PCT/ US95/ 129948X€mPIary, By ey et A % connect or | ayers 122, 124 define a
fourth gap 158inistorirestiondensities. Therfirsecamnectonstrsturerl 12; in the sxampleof ¢ he

edge portions 34 of sixth and seventh. conngct or 136

define a fifthFi;ald1‘15w,luqeﬁe‘ir8d§%=03$r&hifé}n@%"&PR%& @"“@ﬁ%&ﬁ&glﬁ& ei ght

connector | aye . 8 4N eSLeX 2 andfshirithe@pafation 19@ge

portions 34 of Ei&’éﬁtﬁ’ &%g' ?{gﬂ%@gﬁr@%{ gérboﬁg};g\r%g’ %8, 140 (I:I_)ef_i ne a seventh

gap 164. 5 1%6, 1f28’ 136Sarid'132"The sezond semmectar strudibre YB3 similarlytineludashout
each o

Figs. 1-10, connector |ayers 116-124 4-14Q ,hngl udes
conduct i ve consiati, seventinceightBpand ninth °%“§ﬁ8§@ﬂ°§d§%§6238’ @nggﬁpt %‘L&sj 34 of
the respective _connecgtor | ayer.s. E n t1@g. | ayers 134-140 in
second connect ﬁfthsﬁx&btaﬂpée efﬁh ﬁ%ﬁ%@ﬁ%gé‘gﬁtg@f%&l 6 surfaces 32 on
both najor surfaces 36e S8nle b Bigk 13 &t various dgmepmt layersarkiseparation  Onl 'y
the interior connector l|layers 118,” 120, 122 of first connector structure

112 shoul d havgayesyhavetfirstpdrtions; igdicated by brackef 38, and secasd POUONSE however
because first connector |ayer, 116 .and fifth connect | .

contact 130  indieatediby REAckeintple Mic %’ﬁ@egp{?n‘?’ﬁe Pt eangpr%?redﬁjﬂgé t6rrrgj or
surface of the firs SHESIrRbnd MRt Y Brdeket 5@ indidewhe edgsur f ace
of the second PSHHE tlgrs' ITz‘ihfer. rﬁ[mEach of r‘%’onne‘ctor | ayers 116-124 and

134- 140 prefer?@i’t&’oﬂsm'dfdﬁév&imwnhedtor layers. Indpgbll esesbnd pertions 50 of
def ormati on, and can be realized b rinted circuit . board | ayer or

flex circuit | zpenectarniayers éél6w'la4anéégéﬁﬁe&xwﬁﬁbﬁt@"&?‘%@GS?S“?WB‘“F %ed 20

bend structure shown.in Fjg. .11 The O t Ganefe?td Of
first cJ’ffﬁtemrs?“ssﬂ%créwgviﬁ%ec%&lnﬁg%ﬁﬁowgéd&&m*?égﬁﬁi %‘tj'(egrgal spring
formand/ Qs pchievDtieMicdateridniectionesridntations.o Thisivendrat twhataver angles oduce a
nat ural bi"asi ng neans that resists forces pushing the connector

| ayers 116, 124%referably isomaderatmut aradius sufficienhipcavoist damags, suah 3 GracKINg s
One or both of first and siacond conne%}@rﬁ Strg(:trgcfu%ﬁv% cesll4 can be
constructed as '8 tRORANMEEON SAYSFY FPRECLIUEEEY 2B05PYS EX Circuit with an
| ntegral, mtfgr@rsg%}ﬂﬁ&hp StrizdelinéCl12) ﬁrﬁWﬂWS\&'mnnmﬂaﬁmr

an beé '

structures 112, 114 constructed as di screte connect or
structure mountgg, Q18aEAR2, 424 and stpasativndayers 126, 128030152 arecheldnt i nuous

printed circuit board or a continuous flex cgircuit.. .For 30. .. I
first conrct ortogethexbyirfor exampls, lamingtiony, tq:?cg_m w%%la&efoﬁ%é&‘r e%lgﬁﬁﬁ?’ f
second connector structure 114, first p_ortions- 148 of connector layers 134, 136,

138, 140 and separation layers 142, 144, 146 are held together to form a
multilayer stack. The second portions 150 of the various conneétor layers
define a series of parallel gaps. The various separation layers are substantially

25 coplanar with respective gaps, but stop short of edge portions 34, leaving space
between adjacent connector layers. In first connector structure 112, for
example, the edge portions 34 of first and second connector layers 116, 118
define a first gap 152, the edge portions 34 of second and third connector layers
118, 120 define a second gap 154, the edge portions 34 of third and fourth

30  connector layers 120, 122 define a third gap 156, and the edge portions 34 of

31



32 WD 96/ 17413

PCT/ US95/ 12994 connector structure nounted on the edge of a printed-
ci rcui t MOM¥J4¥Be6. The conductive traces in each cofnEE¥GA24yer can
be coupled to traces on board 166 by interlam nate connections and

conducti ve fbush 26 fifthrvenfieatert laperd 132 ¢ b2¢idefine a fanwthngapt I58. s§imilarlys es 112,
114 may al sq be cqgnstructed as diﬁg@te-conne.ct stryuctures
n

) oL, S5, . ¢
appr opr i at e 1R §8CORE FRBRESIQS SIS, € 58S, POTONS, .54 of sixth and sevent Upon

engagenent qf fi t n or .
structure 1 RPI“H@I% ggqg‘g’r |6o§ésﬂr§?g¥tﬁ§é%ggg’, ﬁfﬁiﬁgg?gg{;@gpgﬁfth connect or
| ayers 118, sdvénth andeightcannectot tayetsol 36)d38 elefiné hixtls igap H62,camd thevent h gaps
160, 162, 164, respectively, At the sanme tipme, the edge portions 34
of sixth, 1@dge pevions34 oficight and aivh gosnestor dayees 138, 14Qdefipe ppevenths 133
140, respectivgld - are oriented to engage first, second, third, and
fourth gaps EfB7 %154, 156, 158, - respectively. As a result of .
interl eaved engaggdmindonféctéPassemibli¢s 103YAY showhtthroughout Figg41-20deatB4f140, the
conductive contact surfaces 32 carried by each-of the connpect or

| ayers i s mapanectrlayers d 61134 sod dd3Ad 40dneludes conductive contaghsurfasend? 15

PoTeetOr ! ed EhRa et i1 o Fine Rty Long g BREATBARTGY Peypeen
gaps 13¢ 16%oﬁﬂ&tmﬁ9é'treﬁ§&%ilaaqﬁ s@hd ¥0nhdtdt tRICRRE ¢ 14 nfay iH@AKES Bontact

wi dt hs “narr ow enoug 0 conpressively engage the interl aved connector

| ayers surfapssr32 orsbothimajor pirfates Ba,g38vwhHihegespentivecedgerppriiadsddmat i on
forces. The resilient 20 . connect (ir- I ?ﬁr A0, 18, re;gond to the ‘
def or mati on @@V@@W%r"@&ﬁ%qt‘?f&ayers 18, 12L; 122; of firstycQnaectoR SR ¢ 0 i npart

a_compressi v aldhbylithal B SohBliSdBEACH) on both m&BP YRS 1853E Wvevtt0 [N the

manner descr ve .respect to i nment's of ’Figs.

1-10. In addjebAude firstvdnAédter kel Hsamiofiftly cofneptor laybe d 24 nake contactonnect or
| ayers 116, 124 provides additional conpression.to ensure reliable 25

el ectrilfal cwith mating cannegtasayersaplyintha interipx maiogsutfaeelcthefirsissenbl y 110 -
S descri bed abov

and narrow connector &?sa“dtelhgﬁglgé@nﬁgi&ggﬁg%p@(e{hgg%ﬁﬁ&gé%éﬁﬁ@weeré125 ézzzler 0

| nsertion f Eeh dt'cohfi¥or layers 1169128 ahdl Q847130 GReRADETHcIIRY a Waliilng t he
gaps and providing an external biasing . means such as a set of
springs or aapableef aesilienh deformation, andean ibe realized by a printed circuit board
layer or flex circuit layer laminated in a deformed state to produce the fixed
20 bend structure shown in Fig. 11. The outer connector layers 116, 124 of first
connector structure 112 can be molded with an integral spring form and/or
provided with a resilient backing material to producé a natural biasing means
that resists forces pushing the connector layérs 116, 124 away from interior
‘connector layers 118-122. | | |
25 " One or both of ﬁrst and second connector structures 112, 114 can be
constructed as a continuous printed circuit board or flex circuit with an integral,
.mating connector stfucture. 'Altematively, connector 'Struct_ures‘ 112, 114 can be
constructed as discreie connector structure mounted on an edge of or otherwise

coupled to a continuous printed circuit board ora continuous flex circuit. For

30  example, first connector stmé’tu_re 112 is shown in Fig. 11 as a discrete
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PCT/ US95/ 399117413 Fig.z12 illustrates a nethod PEFOPRRI At i ng
an el ectrical connector assenbly having a multilayer, interleaved

structure, in agcafdRRARETRoUNRR on the edge bR Printddmirnititoard 166.nEhgh a
singl e connector structure can be readily constructed on an _
i ndi vi dual  basjomductive traseh ineash soneestarayasi G be £qupigd to Fraces qupgard 166 5 o

“pl lit f cq t. t rgct.ur i | e8e 0ff t .
BB 15 11 e b anigne chteat i R Reliif, P8 O TE R second 1 oS
connector struglucgs, %?ong@?l?lz,lﬁl% may diso bdonstAictedyasdisdréte wonnectorst acked

connector structure 1 ach of connector structures 12a- 12f resenbl es,
for 5 exaglcture§ appropriate fierctomnessionuottoe endof g in Fig. 1. This

met hod can be 10 applied, however, to formbgth e fi r

structure and second/pon engagewﬂh%{ﬁgfcgqqeﬁ@{gﬁl’gaglfe gl? aé\de%géﬂ‘&ca| ggthﬁector
assenbly, in agcorda el ions 34 of RE&SHAN thitd) A fbeh ceiiécios readi |y
applicable to ﬁWtWFrlﬁﬁémgxeﬁ%F&g%onSS ° enbodi ments descri bed above with

respect to Fi'ggiyef'ls-ﬂ;s., 180y 123°@e opiented to engagel fift, rsinth pand seventhgapahé0.t he
fol |l ow ng descr

ption refer to the fabrication qQf 15 . nly one of the
connect or st rud62yr k&, oéspetively. et Fh%ﬂ%%ﬁﬁ?ég%m* §48¥51xﬂb
present invention. . . ' iRg. , '
structurel@70 sevepthy ﬁ&ﬁ‘%f”ﬂr%%%é&t&%%&gga #%t’ ﬁggh%li@c’trg?ﬁ?gg%? 16, a

second connect Soneafdifiist t ek, ARiRdSidofourth gaps 155yksd, 266, s
first, second,gfaeécﬁéth?]‘%dr% ggﬁérgétor | ayers 16, 18, 20 preferably %8
i nclude a mat erdspbctivePyabAe aaksuleef intezieavedetngagemens of cananctardayery 156

conducti ve . contact surfaces 32 and conductive t.r f or med
in each of a pll#and d§4-140, the CBFE‘P%F.SHEQ%S angtﬁ} %@Sﬁﬁ Segﬁgoﬁhlgrd

connector |ayers 16 . . Pgﬁldi koRtadt saffaée 32 vnian6thede bus
bars 172 for cSﬂ?'}eﬁ[ﬂr&gyetrégtT%ig&%lw %(cjodrlr%‘s on,ﬁéb a plurality of guide

patterns 334 CapniRideyerderrébyreffesting apiunlityrof dhterconneations betweep M8 used
for coupling the connector structure to an external circuit via '
t hr ough- hol es. aﬁdheeaosgiconmmwb@ﬁd“t% ld#screte connector structures

Norevar. o onth e i3I B g ed o BETBRE, bving, 1ot
LT R R R ot hising metaed o o
provi ded, and pipas ésketisnypeoducingeiping comacs and deformation foregs. ¢ bhe,resilient
20 connector layers 77, 78 respond to the deformation forces by producing
| resisting force.s that tend to impart a coinpressive fit to the interleaved
connector assembly 110 in the manner described above with respect to the
embodiments of Figs. 1-10. In addition, the natural biasing force provided by
_ connector layers 116, 124 provides additional compression to ensure reliable
25 electrical contact and durable engagenient. Alth'ough connector assembly 110 is
described above as including shaped connector layers 116, 124 and narrow
gaps, the assembly could be readily configured as a zero insertion force or low
insertion force assembly by widening the gaps and providing an external biasing

means such as a set of springs or a frame and shuttle arrangement.
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34 WD 96/ 17413

PCT/ US95/ 12994 stacked structure 170. Specifi cal I aration

| ayer s WOR'MHE 22b are pl aced bet ween connect or églr@ SY¥123M 18, and
separation |layers 24a and 24b are . pl aced. bet vveen connector |ayers 18
‘and 20. Fig. lzmmmlmeﬂhagéosfaﬂﬂaatm&fmx cletrisglaoanedtorom separ at i on
| ayers 22b, 24b 5 and al j gned, vmth a_portion, of .connector structures

12a, 12b, Assembly having a mslé%xeat inggy @&%F@%‘Q’S 1"24980513@%1”#5 B with a
ortion of t and second
(F:)onnector pgrgge;ﬂgﬁ{lvgﬁu% égt?t%éf%ggtgl%%%?gcm}&ﬁlci% erzg‘&{ﬂrsen. Ga; 40a

cor r espondscon§tréed 68 bR lindividuslt basias thedaethdd enablésthe simultansby eas gap 40b -
corresponds to connector structures 12d, 12e, 12f. :Simlarly, 10 second

and this d clebrieationrof|aplurality of cormestor ismctg@pslsma@ sefig$ of PRIMEBBt ween.

Gaps 42a, 42b cat.re d,t nnec u 12¢ and
connect or O‘E§t izﬁmgqﬁ}d g’f?g"wi‘% c&éﬁ@gﬁt\p&r@f& addition, the
gaps 40a, An%ne&&asmfc&i}es 12a, 12ba'12cp% tlQ@“PHWn&ﬁlﬁg aGRidflegt i ve contact -
surfaces 32 remai n accessib Separati on layers 22a, 22b extend

subst ant i al dopnecipt stnmtumnlﬂﬁ @nh OI@atmecmr strubtures l/ﬂae}%’aesmmiw doti on | ayers

24a, 24b extend substant Iall ar with_gap 42b. The

separat i on qxaymles first.conpegior é t‘?"fi@ showp 1§f¥§5 foﬁ%@"’@&ﬂé“"baﬁ i ons

34 of f ndt hereby | eavin
Or d %B&ZOM%A%EWB%&R bgg'{)fhgcﬁr's'tr é‘o?mé&@r gtajcl\ dg it On y ving

space dlelectrlc

| ayers 176aonhddibr stiubhire of a8 lelecaricab eommbdent assemhtja in aceérdanceowith thect ure 170
to enable the formation of hardware necessary f coupl i ng connect o‘
struct ur es present irfventions| andtis seadily applicable tosaé'd’kpfébe premplayy circuit

connect or * samPls deioed aoor B Pl ol ERL BERRR AT ccpona 10

connect or sﬂlﬁkti‘z{tléfneF 2 def the FallGWing Liesai fptllaﬁé‘rEfeirwmertﬁbﬁemxoadrl urality of

25 gui de hol es 180 for the formation of through-holes aligned wth.

cont act5 guiatdy one of thepeonnestosstncyresef ﬁmeé@tmaenmmasmlmﬁﬂwe drilled
out to formthrough- hol es, into which a plurality of conductive

pi ns can bePTESROEMVERLPT | nt er connect conductive traces 35 on
different |ayers {18rFig! 12 Cdadik o ure? ido/8a, 178Db
may include a pl\tYr}gﬁ l:ét?é;ag(% tgc}:l%epjburrpg&hz %rﬁc? lfst fom.]ed Wﬂ%ﬁhﬂg

35 a first connector layer 16, a second connector layer 18 and a third connector

layer 20. The first, second, and third conne_ctor layers 16, 18, 20 preferably
20  include a material capable of resiliertt deformation. A plurality of conductive
contact surfaces 32 .and con_dut:tive traces 35 are formed in each of a piurality
of regions of first, second, and third connector layers 16, 18, 20. The
conductlve traces may include bus bars 172 for contmutty testing. In addition,
a plurahty of guxde pattems 174 can be provrded for the formation of contact
25 pads used for couplmg the connector structure to an external circuit via
through-holes. The reglons correspond to discrete connector structures 12a-l2f
that will be formed as a result of the method. It is noted, however, that each of
connector structures 12a-12f may'compriSe integral'pbrtion's of a continuous
printed circuit board or flex circuit. A plurality of separation layers 22a, 22b,
30 . 24a, 24b are provided, and placed between connector layers 16, 18, 20 to form
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WO 96/ 17413 | | o
PCT/ US95/ 1R894/17413 conventional coupling means, for coupPCRESPHLA
connector structures 12a-12f.to ~ termnals on-a printed circuit board.

The resul ting E%ﬁ(geﬁ%ﬂuéﬁxté‘ﬁﬁifs§ YM?Dségﬁ:dﬁ%hClaiéigﬂﬂwﬁid 23tareepiacep| e,

by | am nati on. e ‘'stacked structure 170 is assenbl ed, as described above,
S) sections pétwebe cainecioetayets 1cand £8,zand separation liyersd4panth2db ¢ et e

connect or © structures 12a, 12b, C d, 12e, rand 12f. In the exanple
of Fig. 12,  placedsbeiwRenCannetiof (AYETS: ‘be cut across a line 184 and a

pair of lines 186, §?$ad%ri'%nrlgyér%%@ﬁ,%ﬁe?é&%eﬁ%ﬁQéﬁaxatﬁﬂﬁﬁ%@'@QQbPMbJrovi des

a single connector _ showmn in Fig. 1 The nunber of
connector §”U§ﬁdlﬁl?neﬁr»ﬂd¥|§ rtion dfftoanddlor struchuresotla, 42bpand b2e.se, subj ect
to variation according to the needs of the user. [ _any nunber,

F
however, this Sepdrmibmhmelsdﬁbt&‘}hafélﬂli}“%%@émmé%ﬂ’%ﬁ%f%s CtUres o nd
nutber of Steps DEGESIAY 14 oy kil B Py EREETA RE SRS, Of the

present invent ow ng exanpl &s are provided to

II1ustrate an gheetdbileONORS 404 cdiespondssdaishector siraures i2aydebyi2d t he:
present invention, and, In particular, exenpl ary techni gue, Lnor
fabricating susfhepeas gapd0b correspoadhio/CONREIIOT HFUCLUTEY 12d," 12e, 135, HWZ“ 'ass

filled ' inted ci it b b d | @l ' ed
bol yrer | 98 naseepniAnaIE 6P1GRIn YR b LSS Bt ThR i BoBotbeefy
(2:2,nf iggn 2 20 éa%s oL | A YorrdlpGid {o’cnh&dtoMthucturds %ﬁgﬁ%ﬁ%ﬁﬁd yénniectoe nber A

singl e, discretguahfgtindeabe, Cdfnsspetivelys cntdddition, ther gaps $0sdh, A28i 429 y
to connector assenbly 10 of Fig. 1 was constructed using.the f C}{y oW ng
techni que. Eaclropositenedcueh thah pendiictiye contachsuriaces 3 crﬁf“gﬂl #eHBYi ding a
single printed circuit boarg | - ' E gﬁp&o RO
lam nate 25  YeRGTHAN éayfb%gzag?gg§¥£§F§I§%&f&n§%%g,8plg¢%&gﬁ% : Tﬁé ED%
connect or 2y erohekbas separation eI, BaleRehd bibistmdallp toptaprositngaps| 420 . 0025
I nches (63l nm, a w gﬁf of approximately 1.6 inches (4.064 cm, and
a | ength of appi2bxiTiet sepgraioif fayers 22a, 22hcPdss 24b sppeshprt ofjthe edge pRINORYLs o
set of axes illustrating, as a point of r e Lrections in
whi ch thi ckness34 of e FesPaFhye %‘?5?‘}50‘0?‘“{93%%836}5@%8‘"%05 %hee%heyyﬂé\sﬂém e
g\gasur ed. One Ss'pg& {%fr gﬁﬁﬂﬂoé),fmbbﬁzﬁ%b?m”em or |layers 16, |
Additional dielectric layers 176a, 176b, 178a, 178b can be added to
20  stacked structure 170 to enable the formation of hardware necessary for
coupling connector structures 12a-12f to electronic devices, such as printed
circuit boards. As shown in Fig. 12, layers 176a, 1782 correspond to
connector structures 12a-12c, whereas layers 176b, 178b correspond to
connector structures 12d-12f. Layers 176a, 176b may include a plurality of
25 guide holes 180 for the formation of through-holes aligned with contact guide
patterns 174. Selected guide holes 180 can be drilled out to form through-
holes, into which a plurality of conductive pins can be inserted to interconnect
conductive traces 35 on different layers of connector structures 12a-12f.

Layers 178a, 178b may include a plurality of solder bumps 182, or other
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WD 96/ 17413 : ' .
PCT/ US95/ 12994 20 was cured to an oxide-treated side of a _one ounce -
copper W 26/Hdl3 ng a t hi ckness of approxi mately 0. CREEESISHENEs (34.3
mm . The | am nation was cured between Tedlar[err] release |iners
‘under 200 pgoniehtibnARBUpRAE Afellfis; foNcdupling the ¢otiteqbe sttuctertes d2a-30Dfoer r ] F
(149[err]C) for approximtely. one hour. The Tedlarferr] 5 rel ease liners
are conmer citermipalawnia prinited eireyit poard. pupont Conpany, of Buf fal 0, New

York.. The thickness and |en ‘ y 20,

i ncl udi ng t he co&ﬁ?rfes‘g&%ﬂ%géegaﬁ{"ﬁﬁgg E%@%?’ggé;g@? ttér;%etdll%’ gérs%x%p i mat el y
26: 1. by laminatiof A @hcefsteREd S@icRire! 1FDEE asskbledt as déscribed Blbdwve, cat ed wi t h
a printed ci P’cwt 10 board | ayer made from a . standard 6/cl/cl ED 130

epoxy gbass sketitnsaif ¢hehstacked structure aretshparated 4@ farm disgrete¢anaetpy 0. 006 i nches
(152.4 mm, wth ong oypce, .- cLass 1 AE0 r havi t hijgkness of
appr oxi rrate|5§ruet.um1§’9’ :fﬂbh]e%c’ Eié&’ ?wdc}ﬁ? ?rP&e»%wgqg?szgr &23 The overall

6/cl/cl conngeiof sth?cwegf/’?%an%g,cugﬁcrokwiiﬁég?agr##?pgir of lineonggs 18%ach had a

t hi ckness of "appr oxI mat 87 I nches (2 wi dt h of

appr oxi mat elyy ck RDX@etién. 1Eadh) sectiordpmovides gtsingdé connectox istracturey12a,

0.75 inches (1.9 cm._ The thickness d length.of each ,of conpector |ayers

18, ~ 26,shoen in Fig.udi n§he REMBE, e"to,““%tg"oq%ﬂ"ﬁs PWHCE(Sg pect ratio
. of approximatel y 27:1.. et [ 1 Ve scC urfaces 32

and corfuct i’gﬁ‘g?‘h B é’g cégrs%es:ng]efcg%on\éad'laﬂgn a°°?§§ﬁg§? tcdééf ﬁ%gg%g&\?‘gﬁeihl ng the

copper on CoFfemyQuntitRY Shidweher, thit méfiod 2n sibtantially redudé ehecoumeplexity e
contact surfaces”32 were forned at an edge portion 34 of the

respective camdmmmiber of aigps nesessasy teforenthg elestrigal gonngetar pasembly ehtheanot her
al ong the width of the connector |ayer. Signal carrying |ayers

havi ng a pl (RT&§ENE {pveRtion. - contact surfaces 32 were formed on the copper
l'am nated to con i stédte aR @lectrital 66nticodr
surfaces 32 had ?ﬁ?@é?@ﬁ’?ﬁpgﬁgimﬂ& tc.;zﬂ)lu. di'mensi ons: 0.050 inch
(1.27 M centembly, th &26rdanchwith.the present inventipasandain particular, 0. 40 i nch

(1.016 cm lengths. The_conductjve traces 35 had the f.qal | Qm.n
di nensi ons: exegwiary M“(%F?%’ngﬁ*’n??é%@ , aG?@'ﬁ‘Q’ﬁé?Fﬂ‘ﬁYz@%Mf%ﬁ?%"de

gtYr ipes, and 0: 30 s 16 Bntd epbiy Pridted €6kl Board substrates and metal-glass filled

polymer laminates in the following examples are intended to generally conform
to Military Specification MIL-S-13949H, effective December 24, 1992.
20 | EXAMPLE! |
A singlé, discrete electrical connector assem'bl'y conforming shbstantially
to connector assembly 10 of Fig. 1 was construqted using the following
tecﬁn_ique. Each of connector layers 16, 20 was fabricated by _providing a
single pﬁhted circuit board layer made of ED130 difunctional epoxy laminate
25  having a 1080 glass-étylé prepreg, grade ED2. The ED2 connector layers 16,
20 each had a thickness of dpprbximately 0.0025 inches (635 mm), a width of
approximately 1.6 inches (4.064 cm), and a length of approximately 0.75
inches (1.9 cm). Fig. 4 includes a set of axes illu:stréting, as a point of
reference, the directions in which thiékness, Width, and length of connector

30 . assembly 10 were measured. One side of each of the ED?2 connector layers 16,
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WD 96/ 17413 :
PCT/ US95/ hg894/17413 Each of separation |ayers 22, 2T/uses1304 was
fabricated by a dielectric . | ayer of 6/00/00 ED 130 difunctional epoxy

). cantii chedl 06 G DD pitaryaged sOESF 8 bodBufics oopelf B AR | % 0,
flow prepreg, %&gﬁ?ﬁflap Poimatdfy 0100135 inbhe« (BaS3 nfm). THE langinkmon was el y

0. 003 inches ( he structure produced by the | am nate and
- the bondi ng shewred betweenrTediard” release dinerspandan 300 gsivil ¢t MPap pressure in a

imately 1.6 inch 4 d | t f | nat el ywm0. 40
Mehos T C Y boaresace at S0P 1AEE) afnepialiiy fne BOR, CTROTGR"G0 o o
pl aced bet o grelease 1inBR € E%Bﬁ%ﬂ Oﬁ%labﬁ)’fférﬁ l?.f'.cﬁuﬁ(hﬁh“&ﬁﬁp“alﬂy,sspar ation

| ayer extended arong only a rtron of the length of 'a Fespective

connect or | ayeBuffaRg New Yosins T thicknest/and length oéi sachhafieonnect6i layers, 16hy

whi ch contact surfaces 32 coul d be accessed. The . Separati.on layers
22, 24 and con@@cingluding the sopper, prpduces iR beam aspest Fasio of approxigy first
connector stru re 12, whereas separation |layer 30 and connector

| ayers 26, 28 were stacked to produce second connector structure 14. 15

All of the above- neatlp 8E Borinbion dyerdTH8, €36, D8swassfabritaed eiths prirted oicuif
connector layers 16, 18, 20, 26, 28 and separation |layers 22, 24, 30,

except folQ = boardtlagerrmadesfromia siandard Gésd i 1oBD 230 eppxyr glassAaminate Vi
Lam nate Systens

second connect érthigh?fé of PBR’I(_’%%Z‘O@i mﬁﬁ%ﬁ?ﬁsﬁ? Sy Yithape °“"{€§'°§§f st and
pressure (1. 03 Mol 1abindUORRIRLE JrABHRIRAE 000135 ek IR (0

t enrper ature, anaone-ha our at t erature. The |am nation l'ayup for
first C oppesiteaides! Mhetoveralll@/clict connedterdayerddB, 26,028, tingluding b t om,
conpri sed: al um num press plate . rel ease |iner

25 coppss: cashdpd aWhiskness of approximately 0.00B7 inches (74,mm), &

ED2 connegtor | ayer S . ; e ounce .
copper w ‘tiﬁ et é’ﬁé@ %fiaé)%qxlwgg,el r 12? mfhe(:SC)(‘rt\hle%T%jra“Fa%/lg?gtBOo fsggproxlmate@”

grade A  bondigrgs fie8& (1.9 cm). The thickness and length of each of conneetdilaykds 18,130
| ayer } separation |ayer 24 -

grade A 11 bond@i6pd8simehiding the copper, produced a thin beam aspect ratio of

38
approximately 27:1. '

Conductive contact surfaces 32 and conductive traces 35 were formed

20 by patterning and etching the copper on connector layers 16, 18, 20, 26, 28.°
The conductive contact surfaces 32 were formed at an edge portion 34 of the
respective connector layer and extended generally parallel to one another along
the width of the connector layer. Sigﬁal carrying layers having a plurality of
contact surfaces 32 were formed on the copper laminated to connector layers

25 16, 18, 20, 26, 28. The contact surfaces 32 had the following approximate
dimensions: 0.050 inch (1.27 mm) centers, 0.030 inch (0.762 mm) stripes, and
0.40 inch (1.016 cm) lengths. The conductive traces 35 had the following
dimensions: 0.050 inch (1.27 mm) centers, 0.010 inch (0.254 mm) wide
stripes, and 0.30 inch (0.762 mm) lengths.
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WD 96/ 17413

PCT/ US95/ 12994 one ounce copper with etched signal |ayer 3 ’
6/ cl/ cW@&B/I730 connect or | ayer } connect oFCF %ﬁ“zﬂfy }
one ounce copper with etched signal |ayer 2 } 5 g'r ade All

bondi ng sheet E.ach of separation layers 22, 24, and 30 was fabncafdd(hy DaielEdWASO | ayer
} separation |ayer rade Al 1 bondi ng sheet

layer Ofcﬁvf@()/@() gl Mﬁwnmq [ePeXy: lasrinate g haying aickness of ¢op, ne ct or

}
lr gggséGI Ilgaaproxrmately 0% m&ﬁgggf % A@geéﬁ\dgtlcshed between two bondlrf  ase | | ner -

15 elts 91108 MR 8§ te, NowfFow prepre ¢ A1 neach baving ya-thjtkhess second
connector s ructure %‘ |t2, St acked. grtlj’erg’yri‘éou top tgmbo?tom o

conpri sed: of approximately 008 inches(76.2samp! The sg'gcture produced bethease |iner
rubber press sheets ne ounce

copper witht agtxman% Fw:\d}%peti W ?%g\med infe strips pavipg “11dt|h:bo€3o connect or

| ayer
roximately 156 6 i Hék;‘@ méxﬁyﬁfd 25 ths ofa roximatel§ 4@ itithes copper
W th etcheaap gl el%\ g & %pAl 1 bgndl ng sheet PP

} (1. 0165&65)/ Qﬁe E&ulltﬂ'& degg{ranon layers 22, 24 30 were placed betweesepar at i on
| ayer 30 30 . grade Al bondi ng sheet }
one ounce cmbmlt QPNNECIOF d3YEE %!cb that each, %pa@.tlop layer extended along oply 3| E£p 130

CoCdy | st g8 Bl AE B sy 10, 2 s, 1 cunce
L‘rjgggr pF;EZ&Af%er% Fig. 1, by which contet e@rfaes BReould be accessed. Theal umi num
separation layers 22, 24 and connector layers 16, 18; 20 were stacked to -
produce first connector structure 12, whereas separation layer 30 and connector
layers 26, 28 were stacked to produce second connector structure 14.
15 All of the above-mentioned laminate materials used for construction of
connector layers 16, 1'8:, 20, 26, 28 and separation layers 22, 24, 30, except for
the release liners, were obtained from Allied Signal Iaminate Sy'stems'of
LaCrosse, Wisconsin. | | : '
 The first and second connector structures 12,. '14 were laminated under
20 150 'psi'pressure (1.03 MPa] at 300°F (149°c'), with a two-hour ramp to
temperature, and one-half hour at temperature. The lamination layup for first
connector structure 12, in stacked order from top to-bottom, compnsed

aluminum press plate
release liner

25 . rubber press sheets
release liner

ED2 connector layer } -

one ounce copper with etched sxgnal layer 4 } connector layer 20
30 - _ '

grade & - ¢ bondmg sheet }

6/00/0G :-D130 layer -} separation layer 24

grade A1l bonding sheet } _
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The resulting connector assenbly 10,_"-"’-1'Jp_c')n i nterl eaved engagenment of
first conwesberrasiructure 12 and. second. connector struct ur ePEHUSHARIY
profil e of ' ' R 39 WO
96/ 17413 one ounce copper with etched signal layer 3 e

| . S .
PCT/ US95/ 12994 6/c1 AR HEILBHR e}éo(?-l inches (1.143 cBidectct thapet1dri nt of
approximately 1.0 hches §3.81 cm), an

t

_ i nch 2 : P
i nt erconnection ar &"%‘&W&Fﬁ&}f&sﬁf th éﬁap%?“o%ﬂ%ﬁkelfy;f.--‘.z80 contact pairs per
square inch (0.124 contact pairs per square . mm, yand i nterconnection
vol ume dersity of aﬁpﬂ@ﬁlﬁﬂloédylgﬁg% contact pairs 5 Iper cubic inf?
(0.10849 contact pa6/08/00cEDE3Mlayerr). An el ectrical codtSEPATREQ layer 22 o
less than 0.1 ohns gahie AlilrGondingfshedte ohm neter used) Jas neasured for nost
contact pairs when connector assenbly 10 was | oaded with an externally

appl i ed 1.5 kg norngle %@{cﬁ ppper with etched signal layer 1 } connector layer 16XAVPLE
2 10 A Sf’-ﬁ% C?} ;grclraﬁre el ectrrcal connector} assenbly conform ng
substanti%gly Bﬂ écto assenbly 10"' of Fig. "4 was constructed
substantially as descri bed with respect to Exanple 1. However, a
socket housing 56 arflease Haeier housi ng 58 were added to connector
assenbly 10"'. The mibbkepresvsheetsy 56 and header housing 58 were
formed by stereolit feas@bgr usi ng an epoxy 15 mat eri al conprising C ba
Gei gy SL5{40. The sopkfhumPréssPpaté6 had a width of approxi mately 1.60
inches (4.064 cm, a height of approximtely 0.225 inches (5.72 mm),

a length of approxinmately, 0. 75 | om
and side wal l S?ﬁ%&w&aq?ﬁlg%u&fg gg&%ﬁ aacéé?%% nsgrg%’iuf 8?1’0%18&?‘:}1(0 gléde%' tlmgnt%
nm .- The apertwpqo%ttgﬁg\éb sédd socket housing 56 had a hei ght of 20
approximately 0055 inches (1.40 mm) and a width of approximtely 1.5

i nches (3. 81alumjinumpressplate st ereol i t hography process, |ocking
channel s $§ were releaseflinerred adj acent aperture 57 of socket housi ng 56.
The header housi ng 5@,3@@9,-355 sheets @ Wi dt h of approxinmately 1.72 inches

(4.368 cm, a hei gh%elﬁésegﬁ%o.xi mat el y 0.325 inches (8.255 mm, a
| engt h of approxi mately 0. inches (1.778 cm, 25 and top, bottom and
side wal |l s having thicknesses of pr oxi matg':lfy1 0.@50 ~inches (1.27
m). The aperture SQ“ﬁPBWeo‘"éE’thwﬁB&gc_g‘Fd HEN8 W58 had 4 hei ght g Of
appr oxi ma28ly 0.22 6feliekEDSIXbepnaagtonlayen wi dth of ap -%"ﬁ&f’%ﬁye&.%
i nches (4.064 cn). one ounce copper with etched signal layer 2 } |
grade A1l bonding sheet } :
. 6/00/00 ED130 layer } separation layer 30
30 ~ grade A1l bonding sheet _ }
one ounce copper with etched signal layer 3 }
6/cl/c1 ED 130 connector layer } connector layer 26
one ounce copper with etched signal layer 4 }
35 -
release liner _
rubber press sheets
release liner
aluminum press plate
40

The resulting connector assembly 10, upon interleaved engagement of

first connector structure 12 and second connector structure 14, had a profile of
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Leaf springs 60, 62 were formed from.003 inch (76.2 mm thick .5/.5 30.
har dened stainless spring steel. The spring steel was cut into coupons,
each  W096/17413 40 PCT/USSA28%Y 17413
PCT/ US95/ 12994 havi ng a.surface area of approximtely 1.50 inch

(3.81 cm) bygBrBlmhidh0.045 2riches (1.14% Mim), BfoofRint B8 approrimAelyHods ver e
. pressed in acorrugated die to forma corrugated region in a 0.20

i nch (5.08 mryhdsdﬁ§4m)l)plai inahest BB 11¢18),i ancintereon@ection area degsityiaft h i n each
coupon. The corrugat eqgi.on of —each coupg u r oxi mat el

0. 026 i ncheAPPEYAT ﬁtefﬁ'r?(s F&P‘?ﬂip@*{ﬁ@ggsq"éﬁ% °E<SQ§§§ c\Rﬁ?ctg%ad{spae?%quaan a v?/ce
to forma shg {npon DRNE\FERNRAEEH Velum@UeRsify o fpﬁ'@ﬁnﬁ 1778 Sorithct tpag:

corrugat ed re The uncorrugated regi‘on of each |l eaf spri ngs 60, 62
was tf’;mncbmutmctm(ﬂht%@mnmt pmgsap&rctubwgnn‘l) tltn tlectrical ¢ontihuityr i ng
measur i ng t el 050 .i nc lﬁeﬁg}" in thic Ress. The
uncorrugated’frléijl ms,fthe Bmigof the,0 'H %tﬁlf agm,qagg ?)‘f MP¥nnect or

L ckness #%%5?@@%@‘?”’6‘%‘8&“Sﬁ’éw To 3k Yokl $Afh afRziRynavi N 2

first connecipplied 1 I1kg dognal Zorcencl udi ng connector |ayers 16, 18, 20,
separation | ayers 22, 24, and springs 60§ 62 was inserted - into socket
housi ng 56 15 and affixed therei sive. The ends of connector
| ayers 16, 20 were . . b 8ot i ' i nlhe
second tbnnect or §tsm$éfi Lﬂ’%cri elccliich E&rﬁ\%g olrgsgﬁ%&ﬁ%%@mﬂ F%@set‘mm}]

and separ at 'Bgohﬁé@%r a%@emlﬁz ”1‘0" Ao Fighed was constrdctbﬂes"ubﬁﬁlntidﬂychshﬁadﬁfedhOUSI ng
erei

58 and affi xe n wth adhesive. The connector | ayers 26, 28 |r‘
header housmghi&pwrteBxaawmjlodimr,wsmkstelmusmg 562mdah@adgr 006 inch (152

mm) shi m and wor ki t he m back and fo ,Q, c ate l'ightly
opened shapehquéms Ef—f%@%&%“&c §§-§F{“i ﬁé‘t‘ﬁkﬁ{' housing, q

upon interle K W terI eaved
connect or Ia@l\ér an%] QE fﬁg et anic?nﬁde] bfjste ousl nQSJSG gS %dx?r oughly:
- 0. 120 ismchematedalédinpriging Glbagﬁﬂgyrﬁﬁd@ﬁ.efrhbmskangoﬁﬁng 56 hadaw1dthr0 123

inches (3.1242 mm for layers and s s i.n, socket hou5|
+0. 018 i ncheef apprargmatedy - ﬁodnChea}éffﬁﬁqm héé’&kﬁit Hgﬁgli’fﬁljlmatego 225

The result1 MRS Rera Bhe it §f Biprb Rl R EE mfild (1503 SR ¥,

bottom, and side walls havmg thicknesses of approximately 0.050 inches (1.27

mm). The aperture 57 provided in socket housing 56 had a height of
20 approximately 0.055 inches (1.40 mm) and a width of approximately 1.5 inches
(3.81 cm). During the stereolithography process; lbcldng channels 66 were
formed adjacent aperture 57 of socket housing 56. The header housing 58 had
a wxdth of approximately 1.72 inches (4. 368 cm), a. helght of approximately
0.325 inches (8.255 mm), a length of approximately 0.70 inches (1.778 cm),
25 and top, bottom, and side walls having thicknesses of -approximately 0.050
inches (1.27 mm). The aperture 59 provided in header housing 58 had a height
of approximately 0.22 inches (5.588 mm) and 5 widtﬁ of 'approximately 1.6
" inches (4.064 cm).
Leaf springs 60, 62 were formed from .003 inch (76 2 mm) thick .5/.5
30 hardened stainless spring steel. The spring steel was cut into coupons, each
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connector structure 12 and second connect or structure 14, had a helﬁg%t
30 - apprwosasa7eidy 0.325 inches (8.255 mm), a footprint of 55{”" 4er

1.0 inches (2.54 cm x 1.71 inches (4 343 cn), a contact area
gg?i'??ll?)()f having a surface atea of approximately 1.50 inch (3:81 cm) by 0.5@1inch (1.27 WO

PCT/ US95/ 12994 cm). The springostecimbepgnsAder2 pressedaist a m@tﬁfb‘#le%lﬁ%ﬁ‘éal nch

(0.10878 cont act | i %
appr oxi rratcglnyag%g%aﬁlégﬂ%éggl%dﬂ ad. %@C}"’% 6. d%mqgng a? ggélxgggs cont ac ' pa| rs
per cubic mm, oﬁﬁfﬁ@tgﬁﬁ LhdloupBat i 'cbi’rugited region b?%chtdb@ﬁoﬁnkaﬁh% (the

- n'-J

limts of the use or all conlTact palrs.

EXAMPLE 3 5 approximatel\0S016dhéches (406.4 ahm) & thidknessal l'ﬂoht ceunasy wasskentb| y
conform ng substantially to .connector assenbly 73 of. Fi 7, but
further includi mgamemmtf@gt mshagprb;en@]approachl%ﬂg% B%B‘HH%@?B‘F | ayer 77,
was constructed accor C e | ayer
75 vvgs Labri catm nT rLc%HCng\QeHQeO% gé/cglrm nrtTth’BG %g{ag g
standard 6/cl/c} lhegdo?ﬁfgaieérfé aﬁw%mmmas fing eesring of
approxi mately o"(‘}g?". nches (152.4 "' mm, %l\nth one ouncepc cl ass copper

€
having a thi ckngppa-oﬁifmaﬂprﬂﬁﬁ(}mt:MS)(lﬁ @nhin Bickaesso sThecuncoragateqd fegitf er al |
6/ cl/cl connector |ayer 7

5 l.udi h
appr oxi mat 8y 0wasondsdiadhe IE’B‘%“%" cte%teﬁ‘gq(%@gﬁ ’(‘)]‘ayg‘%p&c)%:’rg Fa SNB i nches

15 (1.27 cm, dvg tdy ﬁng thickneSs oM EgpRSximat OCOOZ inches
Ccnnector aﬁ?’a r\\fgg wa sa’Fa ri ca‘)ﬁ?ﬁy %row ding a single printed
circuit board | gses mmyle of FR-4 core ED 130 epoxy gl ass | anm nate

havi ng a thickness of approxinmately h 762

cr%r;)e ounce c-cl ass coﬂileP rntaﬁﬂ:nngctar SRR ds 1 @?udmg cg““eeg‘ﬁﬁ ﬂ% 2#34 3
on one side. The, overaII n r

had a t hi ckness SERaTafEy gy ﬁ&?eﬁg %ﬁ%%h@?ﬁghg%%&%&g}gd E}ﬁb%ﬁéﬁéﬂhéﬁk@ng?f’gﬁa h

of appr oxi t el %n& rarfhﬂdacthéz%ln(@ttﬁﬁdﬁéﬁve amgk éndsioficonmdctor layers 16pR0 wererat el y
1.5 inches Conducti ve contact surfaces 32 and ?Eductlve

traces 35 vver e benmnimt plpcepat Tocking ichannels 66.cFhe §econd corpasiar sycture

connector |ayers 75, 78.

series of steps mcﬂvéws .%nqstm favers, 26, 28, angnsfe"ﬁ%g{'onig&glﬁ—? r’sﬁlm%$%§ do? yF%— 4
core ED 130 epox ﬁtﬁ @%ﬁ%@% ?r%%'dﬁa affixed thereirt Withladhesivedf The

approxi mately ol was cut to a length of

approxi mately O. o‘éﬁnédt&ﬂﬁyeré 24, 28 inheaier housimgi’$ wefe hlpmdwutwatdebxn@e@ngnches
20 a 0.006 inch (152 mm) shim and working the shim back and forth to create a

slightly opened shape to better accommodate inseftion_of connector layer 18
upon interleaved engagement. Total interference between the interleaved
connector layer and the socket and header housings 56, 58 was roughly:

-0.120 inches (3.048 mm) for gap in socket housing
25 +0.123 inches (3.1242 mm) for layers and springs in socket housing

+0.018 inches (0.4572 mm) for layers in header housing

=0.021 inches (0.5334 mm) for total interference during insertion
The resulting connector assembly 10''', upon engagement of first
connectot' structure 12 and second connector structure 14, had a height of
30 approximately 0.325 inches (8.255 mm), 2 footprint of approximately 1.0
inches (2.54 cm) x 1.71 inches (4.343 cm), a contact area dénsity of
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" above-nenti one

(3.81 cm) to formseparation |ayer 80. The separation |layer 80 was placed
on 30 top of connector |ayer 78, with a 108 bondi ng sheet rpjl aced between-

t he t woWO 96/17413 S95/99496/ 17413

PCT/ US95/ 12994 - | ayers. A 108 bondi ng sheet was then pl aced on top of
separation |zppesxifately 70.2 corisct pajrepet sqmrd gk 1(0.308Tacomacpairs pered to | eave
a gap 82. However, a steel rul e, Q.021 inches (0.533 m) t-hick,

covered on cquarednER, dHyonactygiume densjty of approxumalglye2 qogfact PRISS PSiserted

| ayer 80, TUBRankETLOT EoaRat BaREbURERiC g piE pictrica fhuRpSr<PPET S 00

to ensure mgdsiTHAR 6 APGHMAS (tﬁé\hﬁﬁtstufmhaommauétéﬁma)&ﬁﬂmmmpm”rrg si des
of the space. Connector |ayer 77 was then forned by placing a 1080 prepreg,

whi ch h&d been bonded and cured to EXAMBLE3f one ounce copper having a
t hi ckness of app n_one side eparation. laver 80,
the 10 steel %ﬁ#%s%&?@fm%vrm%m% pabig éﬁ(}%“%‘m/zllo
prepreg OVertotcgﬁTector asserB1$ F3RIFME €9; but further including 2 1|ntégi'altsbﬁng

am.nat e rrat erials used for constructi on of
connect or | ayeldsd ifip cafineck, lays, 772&aar¢dnswmdaaccmdmamdhe falmwmg 30,

Parinat L°2~,ysrp@m2 "Genector Jeyes.73 ovas aaReied With a prinied SITGit bos AR ¢ ng
asse”b'lg)r 4@&8& Harfiabd 6753/ t?lﬁ@éé&afélﬁ.ﬁs’laﬁ%'ﬂé mg 3 tmckﬂesis and

Tedl ar [ ease I ners, over the to e asse

I am nat i On |6Mpprdxﬁmhieg' aoeermihys (152. -Shan)savitlombamrfcemlassmopperbot tom
conprised: 20 al um num press plate rel ease | ayer ‘
press cushi dravinga thickness of approxlmaggg 34.33AmPn ggppsue sides. The overafl; ess

cushi on pad 677c1/c§ f%neﬁ;ogd%eg ﬁa%clufmf the copper, had a tiuckgésl'%?r epreg

} _ 2116
prepreg approximately 0.009 inche} (228 6 mn@k&gm'@@brdchately 0.5inches 1080
prepreg } 3 one ounce copper

} 15 (1.27 om),cada widtieof axepreamtd:ly e} insbesi(3:§1 smdetConnector

layer 78 was fabricated by prov:dmg a single printed circuit board layer made

of FR-4 core ED130 epoxy glass 1am§nate haVing”a th_ickness of approximately
0.030 inches (0.762 mm), with one ounce 'o-ciasé copper"hévin’g a thickness of
approximately (34.3 mm) on one side. The overall connector layer 78,

20  including the copper, had a thickness of approximately 0.0314 inches (0.7976
mm), a length of approximately 1.0 inches (2.54 ¢cm), and a width of
approximately 1.5 inches (3.81 cm). Conductive contact surfaces 32 and
conductive traces 35 were formed by patte_ming and etching the copper on
connector layers 75, 78. N -

25 | Connector layer 77 was formed by a senes of steps involving connector
layer 78. First, a layer of FR-4 core ED130 epoxy glass laminated having a
thickness of approximately 0.010 mches (0.254 mm) was cut toa length of
aporoximately 0.55 inches (14.0 mm) and a width of approximately 1.5 inches
(3.81 cm) to form sepe.ration layer 80. The separétion layer 80 was placed on

30 top of connector layer 78, with a 108 bonding 's_heet placed between the two
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steel rule space FR-4 separat i on I ayer 80 rel ease

li ner rel ewpmshif41ar bonding sheet - - " . 0.030 inch AETVLHRRLL or
| ayer 78 35 rel ease |iner '

43 - VO 96/11/3d 3 A 108 bondm sheet was then placed on top of separation layer 80.

PCT/ US95/ 12994 1&)76 % um num press plate - The assenbly. wa

pl aced under apfirecseparation 1ay3ﬂ80 P d(mertsmnmbaq lqgﬂégsaﬂpézanﬂowe"ef agiest ed at

approximately 300 E 149 f five, m nute mn

vvlpfh pr essurg :{B i0 k&éﬁa )1'8§%yﬁ?%e[5%8ge§%}§g%§gg ég conf gr med 5
what to th f t

somewnhat 1o %%geﬂ?ne? rv%?ﬁxsﬁﬂég%%ﬂ{gvﬁﬁrszt h@avirigos bpact betvad thestaglat i on

| ayer nd 80 prepregs cured, creating a
strong bong.  ruie and separanéti layer 80.0Mhegeleasedines sovdreq bothsthe ét:eel/mhe arhm t he
press. After renoval of .the release liners and_.t he,steel {?% t he

cured assembl y the spage el easuse BRgNUM separatign f Goptact SYTfaces, 3% 08 PP pt?ﬂ Bond
connector str ucqﬁhg éﬁe n%Qcctﬁf }éggr ﬁ-p“%g}hﬁnr%{b@%@b9ppﬁn% 4 q]o%(je)g,\?gfetgor

| ayer 77, provi egra rnng I'nt er
engagenent of fykeh ha@BB&rbstided ahd citedao hlayerafiunesiunce cappee baving a

| ayer 75, and second connector structure 14, conprising connector ers
77, 78 antlickaessrofitapproximately 3063 mm@nlqneégd%ovsrpﬁpﬁ{}ﬂ% 35,89‘, ed gap
82 with an interfe nceflt he.i nt enf ntlon of
connect or lfhyerStqféWlﬁtG“ esPa?faﬁ"%]?- y Plaging, %eﬁg%gé}f, on6§Péwo¢1ﬁg%t%¢ | ayer
77. Connect or f%?r wWthits intrinsic resilience and integral
spring form ac mrésponsetothe deformation with a force

tendi ng to bi as connglltafrthe ayove- rﬁanttomwﬂammatemaienals used for cpagxg;cumg of
provi ding a conpressive fit w th_copnecto ae ssive
fit produced go@mn@t@tlaD’F@am dgngﬁcfg @r PQ‘P %Y@é‘h@et%eéﬂ %cep ting

contact surface

b
| ess than 0.1 oﬁﬁﬁe "1%9 P %rﬁ%ﬁ}%r}gﬁrs 1%ﬁleg€1§u{£?@§y§iﬁﬂs 6? eThe'

resul ting f?””eﬁi@fos&sWﬁ%ﬂmﬂO upon interl eaved engagement of
first connéctor structure 12 and second connect or structure 14, had a

hei ght of appThe resulting)asgerabip wasmmdeqamsm thpes press cushion

EXAMPLE 4 nbl
conf ormi ng subsP‘iﬂ‘?tﬁ%\qTﬁ‘ﬁa" Resge findir Gk e 36 bt Rl ps GG e 235CT0 Y
formed with flef&n‘ﬁhﬁtfdﬁ'lta p’ﬂ‘bﬂe{ ’as%?ol% in stackég’Bﬁdvednﬂpr@mﬂtoiﬂ]e fol I owi ng

t echni que. Each conne tor layers
comprised:
20 aluminum press plate

release layer

press cushion pad
press cushion pad
press cushion pad

25 release layer
2116 prepreg }
2116 prepreg }
2116 prepreg } connector layer 77
- 1080 prepreg }
30 one ounce copper | }
release liner release lmer bonding sheet
steel rule space FR-4 separation layer 80

release liner release liner bonding sheet
- 0.030 inch FR-4 connector layer 78
35 release liner
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formed by a polyimde flex circuit |layer having a single conductive |ayer
30 conprising 0.001 inches (25.4 nmm of copper, 150 m croinches (3.81

m) of wo96/17413 - PCTIUSISNERBAOG/ 17413
PCT/ US95/ 12994 ni ckel, and .30 m croinches (0.762 mm) of gold.
Connector |ayers ; ress plate | Ncl udi ng the conductive |ayer, each had a

t hi ckness of app?%%"#éﬁgl ys 8 003 inches (76.2 mm),: a-w dth of

appr oxi mat eTye Gssémblynwhepla¢ed @aiEr approximately 300 psi (3.07 MPr)dressprer i nat el y
0.21 inches (5.334 nm, and preduced.,an.thi n. heam5b aspect, ratjio of
appr oxi mat eh%at%?tlapprox‘matepy 5)60 q_‘-"_lééghé))forggﬁx-gﬁlpdwnpgﬁe_ﬁgpqvgl}eagéé 28 was

fornmed by coupling toget-nersas b : dtcohfotfied Wi th a
| ayer of SNW%EIQT%'%%’ %@?{g@i t\t/téZ lll—_'%gﬂd g@q.gfeéﬁrégjs%fﬂdg%ﬁ gicro?uit | ayers had a
si ngl e gondysrhéwitat @yt shaperpf thei spacelbdiéer thelstee]l fdS and separatiomipyest copper,
150 m croinches (3.81 mm _of nickel. and 30 mi croinches 10 S&) 762 mm of
gol d. The a8Mhe&iventuny.cthe 3446 and 030 prepregs Cured, CERAIRG AStrpng bond. o o)

i nches (50.8 mm) ., .Connect or. : : ' ' LOg . DAl f
flex.circuit | ayé‘rfge,r C?ﬁ@&é‘fg%%éﬁ‘@ﬁ%@%&“ﬁé’ dt'ﬁg{eméi éﬁsﬁ lfcalé;?}'lle(iv,apeach had
a  thi ﬁ#ﬂﬁ%@leeée 16 vd fratsedey réle O curhserhBly praduvell a seconddt h of
approxi mat el'y 0.75 inches (1.905 cm, and a |ength of gpgaom mat el y

0. 21 i nchescérinedtds striicture M) Thasecond sarractar struglare 14 svas phsery ch produced
a thin beam aspect ratio , of roxi mat el X f circuit

| ayer s1@sedretainahend B cARRGCHS l?%ﬁy«grf;l providing aﬂé’?t\égé? s&%‘}g %}“2 Ver e

obtained fr | fok BRE&E R 2, ising connectdhe
conductive ?%@%%%%ﬁﬁgﬁgﬁﬁﬁsgsﬁ?l& 18, 20, cggl,pn2%3gwere !
patterned byayepTyedrid soend tamecton sescture Fdg compoisihgaonnestenlayers’7sur f aces 3

20 and conductive traces 35. The contact surfaces,32 had,the follow ng
appr oxi mat e 78iand [sepasation ]@ygg@,ith%pptfgf_alzspr}%foggMngQJ@amg%%l A (0. 635

mm stripes, .and 0,20 i . | s Tt o | s 35 had
the fol | o Hye cmpfﬁ(ﬁhaﬁggﬂftég%%‘%t:’ "ﬁaﬁé%é.f"#&@f(&f?‘ﬁ%yﬁfeﬁ g‘r%; 0.010
i nch ( ?5 254 gmyk2 WedlRed HefoPRatiortoficohnbetbnalyex 7.8 ConmyctoreclagertiEl, with its

Each of separation |ayers 22, 24, 30 al so was forned. by | ayer of VHB
9460 adhesi rrinsiomesitiense and dntegrah spring forma aeted in m@@%ny of St. Paul,

M . Th dhesi | 22, .2 3 ha '

NDr oxt i eTasmgRen Wity res ndini i bias inGETd 1P T iV PEmRCAY L

appr oxi mat e%&%%m&&g a%?w@ésmﬁtaﬂﬂm dorneAat layef 780Mhexi mately 1.0 30
A cm .’ The resul ting

i nches (2.5 separation layers 22, 24, :30 were pl aced
compressive fit produced good electrical contact force. Resistance between

0

20 mating contact surfaces 32 of connector layers 75, 77, 78 was measured to be
less than 0.1 ohms (the limits of the ohm-meter used).

The resulting connector assembly 10, upon .interlw\{ed engégement of
first connector structure 12 and second connector 'struct'ure 14, had a height of
approximately 0.070 inches (1.778 mm).

25 EXAMPLE 4

A single, discrete electrical connector assembly conforming substantially
to connector assembly 10 of Flg 1, and formed with flex circuit layers, was
constructed using the following technique. ‘Each of connector layers 16, 20 was
formed by a polyimide flex circuit layer having a single conductive layer

30 . comprising 0.001 inches (25.4 mm) of copper, 150 microinches (3.81 mm) of
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45 WD 96/ 17413

PCT/ US95/ 1894117413 bet ween adj acent connector |ayers suctPCGIAERSAM@Iw dt h
of each separ ati on | ayer ext ended al ong-the length of a respective

Lol GO AT 7 f . e R0, 1

whi ch cont act ME¥ separ ati on

layers 22, 24 @apRidf@the cbmductioy &iyer,ldach had a2hickmese of § roxxma;d
first connector st?%cture 12, vvheyreeas separ at o ¥ o produce

connect or | ayeinshe3d76.23mmd; 8 de@m@‘@?@%é&gs’B e(rflggﬁr? 18 8¢ ructure

pond the | IeQERAtcRPEITuEty 2T s 15 2R HEhS, and prédhced dl il B TT 0

first conrsect o) r
spedt! 146 OF x“ﬁd’te] t7cked order fromto to 10 bot t .
conpri sed: péé ?P%r% ci rc3| t- connector |ay p orrom

conductive |ayer  Each of connectetvlavbf_s 186, aah'é?élf()@“%bh%ﬂl’é‘ﬁ tPgRIRET 24

conductive |l ayer 15 fl r cul
3M VHB 9460 adpaitpf 8ex &yg,ut layers with & l?yer otf 3% VHB 194?0 Fdheswe giach of the }

flex circuit
uit layers had a single conducu}Ve layer comprisin OG@mdinehes\(eSMayer
3M VHB 9460 adﬂg’él V‘é ar al} I on ?%yer y P %onduct I ve | ayer

flex circuit cafRpstap péxq.ylﬁo migroinches (mé mmyoﬁplckelr aséaenmcuund@t or.
structure 14, in stacked order_from top '
conduct i véol aye() 76% mm) of gold. 'Ehe@;gihgswq;{gypr had a thlacness of apf appro 1ma§e?y }

3M VHB 9460 adtde&b mchesy(§6 8 mm). Connestor la}yefsolrﬁq%t 98, {n@waqncg ir of

flex circuit
ndu tive | ayer
3M VHB 9460 adbggi¥Rui $RFd thefordareve RYe3@nd the adhesive Myed,wlch \had laayer

flex circuit } 3M 9460
adhesi ve | ayer thickness of apgroximately Q-0 ipehgsL¢@3.27mm), a width of apprompggly
cireult 0.75 inches (1.905 cm), and a llangth of approximately 0.21 inches (5.334
15 mm). The connector layers 18, 26, 28 each produced a thin beam aspect ratio
of approximately 26:1. All flex circuit layers used to form connector layers
16, 18, 20, 26, 28 were obtained from 3M Company of St. Paul, Minnesota.
The conductive layers on connector layers 16, 18, 20, 26, 28 were
patterned by conventional techniques to form conductive contact surfaces 32
20 and conductive traces 35. The contact surfaces 32 had the following
approximate dimensions: 0.050 inch (1.27 mm) centers, 0.025 inch (0.635
mm) stripes, and 0.20 inch (5.08 mm) lengths. The conductive traces 35 had
the following approximate dimensions: 0.050 inch (1.27 mm) centers, 0.010
inch (0.254 mm) wide stripes, and 1.5 inch (3.81 cm) lengths.
25 Each of separation layers 22, 24, 30 also was formed by a layer of VHB
9460 _adhesive, mentioned above, and available from 3M Company of St. Paul,
Minnesota. The adhesive layers 22, 24, 30 each had a thickness of
approximately 0.002 inches (50.8 mm), and were trimmed to have a width of
approxxmately 0.75 inches (19.05 mm) and a length of approximately 1.0
30 mches (2.54 cm). The resulting separation layers 22, 24, 30 were placed
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conductive | ayer 35 The resulting connector assenbly 10, upon

I nterl eaved engagenent of first connector structure 12 and second
connec™Q 967kt ure 14, had a hei ght of appr oxi maPETYSH/BIB | nches
(0.711 nmm), without the attachnent of an external _

46 VOp2f4eks 4dfhcent connector layers such that the width of each separation layer

PCT/ US95/ 12994 ' bi asi ng neans. Wth a normal force applied to the
exterior ofxfended along thedergth of a respective eqnnectep layes lsaving gapotthet?s or

structure 14, in interleayed engag . G contjinui ty was
nmeasur ed géﬁn@s §‘°§‘f"aw #ﬁd\{dgﬁﬁq’%ﬁgﬁ%@}ﬁ%ﬁ%@? #ﬁ&ﬂfcﬁ%m esistance between
a conductive trqfh%s@ﬁhrhﬁ'orpﬁﬁ)é@qu)'24%Hl¢6hh6c@or313y&§d6,als;ﬂ20 Wered .
conductive trace 35 1n connéctor structure 14 was observed to vary in an
appr oxbnat etacketdy® prodgeeXirsheanneetop stiucsimesl2, whereas separation layer 3Qaescri bed

t he exenpl ary enbqdi rre%z%ﬁf the i addi ti onal rgqxgn;?tgefsrom

nyenti-on, g
and odi 11 CARMESHE 19yarS 26 e2AverF SReke 19 Brodiie secopdcoBREcHeY SHEN
consi derat i : b fobG-2h il r agt ik f£30kedvBE td m’bon 10
di scl osed hgﬁh@?&ﬂn;&ﬁkﬁg?@@g?es{a t he sggec‘igfzigéat?on and exanpl es shoul d be
consi der ed sexskapitticyurentogether.t h the true scope and spirit of the invention
bei ng i ndi cated by the follow ng cl aIi ng. _
: The layup for first connector structure 12, in stacked order from top to

10  bottom, comprised:

flex circuit connector layer 20

conductive layer o
3M VHB 9460 adhesive separation layer 24
conductive layer '

15 flex circuit =~ 3} .
3M VHB 9460 adhesive layer }  connector layer 18
flex circuit }.

conductive layer - o _

3M VHB 9460 adhesive separation layer 22
20 conductive layer . -

flex circuit connector layer 16 =

The lay-up for second connector structure 14, in stacked order from top to
bottom, comprised:

conductive layer

25 flex circuit }
3M VHB 9460 adhesive layer } connector layer 28
flex circuit -~ o }

conductive layer | ‘
3M VHB 9460 adhesive separation layer 30

30 conductive layer
flex circuit -} |
3M VHB 9460 adhesive layer } connector layer 26
flex circuit }. _

conductive layer |
35 . The resulting connector assembly 10, upon interleaved engagement of
first connector. structure 12 and second connector structure 14, had a height of

. approximately 0.028 inches (0.711 mm), without the attachment of an external
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47 WD 96/ 17413 A _ _

PCT/ US95/ 3209617413 WHAT IS CLAIMED |S: © 1. PCTRR9%¥128¥ i cal
connector assenbly conprising: o a first connector structure
having at | ea%tias?nré hests. C@’i‘ﬂﬂ?acﬁ&'inah 20186 appIRtA thith® bxterior of fifs0oemiector| ayer
havi ng an edge portion and a plurality of conductive.contact 5 surf aces
di sposed al ongtrubgre 12)ang second cpnrEctbr structure 14, in ingricaved RRZAERRRNEL or

structure having at |east second and third copnectofiy:: .. _.|ay , each of
the second ancrONECE EPTBIPHRE AS MAgYTer USHE\A WW@B&@-*BBPW%FP The and a

plurality of conductl f &gﬁe& AbiaRGureNe driisPratihy e
edge portion, rgﬂ%%c%e?g@?%g&idgggﬁ%agﬁfﬁr cognector | ayers incl%di ng a
10 nat gr i alcopdpaivearaet 35648 icbnhesetordeiomunal4 ovas observed to varg isetond and
third connector | ayers_define a(pgap t her ebet ween adj acent the edge

portions of t rapproximategaagmef @Ahms tod-3 GhRBct or | ayers, and
wherein the first nnect.or | i Eﬁ;ﬁj . AP upon
engagenent of the fcllg?‘é‘f‘g gsﬁ:ﬁ%ggl{e é@?@:ﬁ%e ang‘q?ﬁgggg‘%olﬁ (t:%nlr[l)_ect or
structure, 15 aqqfdtiaPhivafagel atbmadificasieds Wreadily bbar oo dibse Skifled fotieact
surfaces of the tirst connector_layer to at l-east sone of the '
conducti ve condrpfronscorfsiieeationfof tthespesification and practice of the invention

10 disclosed herein. Therefore, the specification and examples should be

considered exemplary only, with the true scope and spirit of the invention being

indicated by the following claims.
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and third connec d‘rl-li$5yi§t"‘ig»;\%BEEN : The el ectrical connector
assenbly of claijfin 1, @&H he filr st ayer and the gap
are di rwossanas socir that, apon engageme“lll" "mﬂn’ﬁum“mI:ﬂ'g{s’@’m%c'tor

| ayer with the gap, the first connector |'ayér &pplies a force to the
second and ggiﬁllggnmﬁb Ilsayers the second and third connector |ayers .
resisting t eby .inpart a conpressive force against the first
connector |ayer.1. An electncal c6nnector'§bs:néjlyecompnahgtonnector assenbly of
claim 1, wherein each of

d.third
i ncl udes a pri nt%ﬂfﬂlcpﬂ'éﬁcforbsé‘é'f:ﬂ"? E@‘E?e‘gc 81?%3?& first c‘r"?qeg%ngﬁeyreﬁatﬁ? fﬁger ;

4. The el ect
of the seco?ﬂ?’%gﬁt‘?agﬁpﬁfg{w%ne%?%éﬁ(ﬁﬁyé)rég&)%ﬁ%l d&ﬁt%dggtﬁ tg\)rert:OP%EEr Ieggsf orm ng
an 5 | QirpRepbispsseaalong theBdge pdrtion; and

Thi s Sheet Has Been Repl aced
48 WD 96/ 174 $&ond connector structure having at least sec%qr@gbgﬂ fgg@gtor

5. The e] ectric nnect r|5|ng
means for baé{%’isnﬁ“gmﬁ Bgﬂﬁﬁﬁﬁ%ﬁg%ﬁg%é%ﬁ&%ﬁ%ﬁ@he first
connect or ﬁ%’cﬁﬁ pfu‘?alﬁgib?%ﬁd&ﬂ% @Gﬁtaétoiuﬁﬁc&&lxméd hlong cletispédtive cont act
surfaces of e secohd and third. connector |ayers and t he conducti ve
contact 5 edg@tpdramasamifeaﬂnef ther secondbandethirdrconngater, laygrs ivglyding@ bi asi ng
means conprises, at

conneci®r smamahﬁ@aawfcﬂe?‘gﬁ?té%? a%rohnglhassog, gsteg%}d\é\n@%hﬁ_glenzetc (r)ura]d
respective gggﬁgg@ggﬂeﬁg%@% at%% hefeBavedndd nj‘ac r{tQhe edge poTEOMESHtaE | ayers

agai nst the second con tor | ayer. 6. ‘

The el ectri ggbn@ and @fitdcormesteridygrsofandl ai m 1, further conprising 10
gui de neans for guidi ng‘_@t ngagenment of the fi rst connecé‘%r structure and
second conmeredt thet first eonnector dayer kAriantrd 10 SNERS G RERUBPT | ayer

he- Second EREmER; oipy oy poandcidt Hfif ARARE, SO (ool SORAR, ous! 1O

housi ngs ang, e?eﬂf&ﬁgﬁn atRht Gomelf the ééﬁductlve comaut serfaces of thefitstir e bei ng
housed Wi thin t er housing, wherein the socket 15 hou5| nr(\; I ncl udes

a first apeconmeetordayer guatidastsomentithecanductive eqntacs ﬁh@%‘ieé of thg, second

and thu'd connector layers.

2. The electrical connector assembly of claim 1, wherein the first
connector layer and the gap are dimensioned such that, upon engagement of the
20 first connector layer with the gap, the first connector layer applies a force to the
.second and third connector layers, the second and third connector layers
resisting the force to thereby impart a compressive force against the first |
connector layer. .
3. The electrical connector assembly of claim 1, wherein each of
25 the second and third conhector layers includes a printed circuit board layer or a
flex circuit layer.
4. The electrical connector assembly of claim 1, wherein portions

of the second and third connector layers are held together, thereby forming an

integral, stacked substrate.
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ARIS,SHEETH S BEEN
for engagerent vi 1 | WRRECHIEFEE aammnmlml uumsznazs;@&%w

the first connector | ayer with the gap. t

el ectrical connector, ass a Qi of
the first and second- conﬁggt%ef?rﬁa?u@{'{gbgm amﬁ{nﬁjggaédc‘)g g&%?%%toegnm ?cwt
board or attac'ﬂf‘&n# fordbiddifiXthesbéonidandtihied Qomwrllmrsmadlthesﬁrst aces of at
| east one of the first;  second, and third cornectar | ayers being
coupl ed to condonrector layer to enhiange centatt foree W‘Wﬁnéhe EPRAUGHIVE § or the
flex circuit The el act o My of
claim1, V\hereishff%ﬁesloéétée(sec?@a"d third qopneqlor ]Ié ;rgtanéwgoglédgé% connect or
Structuresgfor fo:?ttl’f@fiﬁk c&ﬁfe&to?fl éy%r, wherein the Bidsitigomearisdonipeidecatr cui t
board or antl tous ex circurt, connector |ayers of the
respective one &t bﬂmasﬁringgsswmechwuhnhe sesonéd cormecmr stroctureand oriented;to

printed circuit board | ayers of the continuous ed circuit,board or
flex ci appiyta foa‘,ree%/@ﬂes thefesRESHYE ﬁﬂﬁi;@’f‘f’ &"Féﬁ?‘{“d ang thitd

The el ectrical connec 18\8@‘2&%% ge BdgePotion &f theNEtid connector layer.
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PCT/ US95/ 12994 6. The electtits conneost assrrmlﬂytotﬁlclasmrhcfunhe' chmnrimg
i ncl udes at "l east a fourth connector |ayer, the fourth cg{gpecto

| ayer havildg arguidtgmegrsrior emdmdensagement of the first P?“WF‘QS&FTH%FBW ¥6M%Gct

surfaces di sposed al ong the edge [ i ayer
bei ng di sposed CQBP%Fé‘érng“{cHEe §‘é‘g‘ottl?8t I{ﬁg&ohpgﬁt%@lgyer é@g&g\hg %taﬁ ldd
connector | ayerthggkﬂg rﬁézﬁ?%ﬁ‘lﬂn?&l 26RRét HOUSIng £ fhendedincunaeaor kta;omre
opposite the four connector | ayer, wherein at |east each of the second,

third, argéifgohasbd Mathén thei socken dousing, rﬂldeﬂrheﬂdei:h?l&mge thg firstsi | i ent '

def t d wh t f

the Tirst OSapa?mneqs@t S Emg*}wﬁcﬁ in e hetgt BpiRP oactep P sodelc "
dthird t {;Ec@ll;}g

"oyers. defihe. duingBiGes 2 B abdifurg Sonfig/ied B feoBUE EFifs Bofifbotk 1aRY

| ayers def} ne ween a acent t he edge portions

of the second agpd eﬁg%g ehienf ANAGRE g4 |zmi€th6healadhousmg includes a seaond apertune
connector structure further includes at least a fifth c

| ayer, each of ¢dméigi1redst0 reeeive thetsackes haudRg BPOLEALZRECTHERY, (ﬁnéﬁ%hrg&ggne&qrt i on

9.

. and a urallt of conductive contact surfaces di sposed al ong the
- respective edgr—;lai‘?)r wit [S‘Eﬁ'g"}pon wherein the first and fifth connector | ayers
- define a third gap 7, The electrical connector assembly of claim 1, wherein at least

20 one of the first and second connector structures is mounted ona printed circuit
board or attached to a flex circuit, the conductive contact surfaces of at least
one of the first, second, and third connector layers being coupled to conductive
traces on the printed circuit board or the flex circuit.

8. The electrical connector assembly of claim 1, wherein at least

25 one of the first and second conneétor structures forms an integral part of a
continuous printed circuit board or continuous flex circuit, the connector layers
of the respective one of the first and second connector structures forming
printed circuit board layers of the continuous printed circuit board or flex

circuit layers of the continuous flex circuit.

30 9.  The electrical connector assembly of claim 1, wherein:
X |S|I8iiietlliii|feelnllkleﬂli“d




t her ebet ween adjlpgaprd sititrer eAg®ERAr [|i ong d fifth connector
| ayers, . d REPLACED W ereﬂm I f i fth conngct or
| ayer s V4@ 86/bi41 & nt-eg—t : et * ShayndCEA52512994

respectively, upon engagenent of the first connector 20 °~ structure and

the second connggd @korid Edtiettof strditre! fithecipoidec arieast adouttmyer i s
oriented to engage the third gap upon engagenent. of the first connector

struct ]lc,lr e ammwtwﬁ lwcolrclild fountih cennsetos dayes hayiag apedge pYrtvd@idiang at | east
sone o . conducti ve contact rf Of f fifth
connect or PHRIY _“?(‘ioﬁ “cllil‘r¥8§?ma°t surtaacgsoﬁgp%%fgﬁggé%%%tﬁrg&%gﬁgac't tsur faces
of the sec@g}h ¢dtnb&or ?}'é’ HaHE Hlthyas”ed adlié‘ceﬂmetsséonhmﬁ@cmr lay?r, and 10.
A _

T_he el ectri .connect assenb of claim1l, wherein each t he
first,$§seceiectthirdrodnhentor layerdreires disposed pdjaceritthe se¢ond gofnector 1a¥6rt i on and a

2O e RS RSt i st G B b
50 and fourth layers .iricludes a material capable of resilient deformation, and
wherein the second and third connector layers define tﬁe first gap therebetween
adjacent the edge portions of the second and third connector layers, and the
10 second and fourth connector 1ayers define a second 'gap-therebetween ‘adjacent
the edge portions of the second and fourth connector layers, ahd
the first connector structure further includes at least a fifth connector {
layer, each of the first and fifth connector layers having an edge portion and a
plurality of éondﬁctivé con.tact' surfaces dispdsed' along the respective edge
15 .portion, wherein the first and fifth connector layers define a third gap
therebetweeri adjacent the edge portions of the first and fifth connector layers,
and : . _ .
wherein the first and fifth connector layers are oriented to engage the -
ﬁrSt and second gaps, r'espectively', lipon engagement of the first connector
20 structure and the second connector structure, and the second connector layer is
oriented to erigage thé third gap upon engagement of the first connector
structure and the second cbnnectof Structu_re, thereby coupling at least some of
the conductive contact surfaces of the ﬁfst and fifth connector .layers to at least
some' of the conductive contact. surfaées of the second, third, and fourth
25  connector layers. | | -
| 10.  The electrical connector assembly of claim 1, wherein each of
the first, second, and fourth comi"ector layers includes a first portion and a

- second portion, the second portion being bent to extend at an angle relative to
the first portion. '
30

This Sheét Has Been Replaced

S ]




