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GRABBER Field of the Invention The invention relates generally to
multi-termnal or nmulti-contact electrical connectors to

el ectri cMOMSRcts of various shapes. The invention rel atpcgg%%ﬁ}éo“s
specifically to electrical connectors of the insulation piercing, gas
tight electrical connection type to quickly and inexpensively interconnect
a wde variety of contacts to conventional flexible circuit, tape cable or

encapsul ated r, % ' &? %m M ﬁiﬁ{f %I ates to
an el ectrical D%@g Hﬁé@ ﬁgt%sltsg @2—5‘ %l‘ éﬂtyrﬁ(g of
contacts per inch than a conventional insulation displacing connector and
el im nates the expense of soldering, crinping or welding wusually

associ at Hitld\pf thefinpentianachment of a connector contact to an interconnect
circuit. Background of the Invention Conventional electrical connectors
are desi gned The moemiatreintee generallyitt npdti-resmifal er hblexdoataet eledtticdlicbndedtoss to
spring contact system Usually the surface of the flexible circuit needs to

be prepaggthectidctical EHRECSH ARouFIHBPA! Athle HveRfiorrelat@thdte Sp&difi Gl fo dsitddal ¥
i ncl udes | abor intensive activities such as stripping of? the dielectric,

cl eani ng p . cl.or. or W.Jr . rin each_indi vi dual
conducto F(E%?Ctg ﬁeongérjlln%g&g% nélg%'?g’s%/agtlgﬁg ?%(;cq%%g ﬁ&gﬁﬁg g@?’ F ot N aendof t he
flexible, circuit. As part of, the reagson many connectors.require intensive
pr epar at ["FPHFVER intFiERlioE) & WIde AR O CPRLPRFS ELARPEFHIOBH X bl GBS BB en ot
provide a w ping action to clean the conductors of the flexible circuit.
Sone conneetcapslasgdsioundwirgthamessy iMest apessfically ditinventaon selates to lae elskigicalr i cal
connection is made, allowing air to contact the conductors causing

oxi dat i obennactdr thansegineres mode than tadck eiie iumbehef @ualcistper oich the aceRne@tibhan due
to the oxidation on the conductors. -1 WD 01/52361 PCTI USOO' 10668 Many

fﬁg;/ent | gR@htdAdiSPladify $9nR&dtoCARNBAAMIES (ROMPEAS O IRLEHR) SrithFHB e WRRER NIS

usually associated with the attachment of a connector contact to an interconnect circuit.

Background of the Invention

Conventional electrical connectors are designed to connect the circuit paths of a flexible
circuit to a spring contact system. Usually the surface of the flexible circuit needs to be prepared
before connection. Preparation of a flexible circuit usually includes labor intensive activities
such as stripping off the dielectric, cleaning the exposed conductor or wire and then soldering
each individual conductor of the spring contact system to each conductor or wire of the flexible
circuit. As part of the reason many connectors require intensive preparation of the flexible
circuit, many conventional connectors do not provide a wiping action to clean the conductors of
the flexible circuit. Some connectors also do not provide a gas tight seal when the electrical
connection is made, allowing air to contact the conductors causing oxidation, and consequent

degradation in the quality of the connection due to the oxidation on the conductors.
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fasten together to secure coupling of termnals nounted within the

housi ngs. Many connectors require a fair anmount of force to conpletely
engage the many term nals being connected. Zero insertion force type
connect ow® @isedeat reduci ng or eliminating the force typi CBFITSPSHQ';‘HE@E to
make the conpection the force, sone cqnne stens _ use
cami ng devi c&@nﬁrcm&vzf “P'B’iﬁmﬂf éegﬁwgcsonna%s BRI %i Cg %&F‘P? that| ude
one or mpre cam surfaces on an operator handle or lever that is nounted to
t he housfastnapeeshes to pecuFrcquplingeelt terminals poynted witlinthe beusingp.e Many épnnectors
connector housing has one or nore protruding camfollowers to engage the
cam sur f asw(rs i fapambtt of fwce toeconplately engdga it manystemmuasibéing tdmmectedi Zead
direction, the camsurface(s) act on the cam follower(s), drawi ng the

connect ofnsbaibi @sré Bpe cbfiecnslaimait G¢diging @ eliRin@tode f5oé typically'fecdodiABhice
O her zero insertion force type connectors conventionally have a housi ng

mount i ngya coﬂﬁ Sigh! iryreﬁilc%fgl@rf;@%néssoh{% Bnikctlr" %tér}{s "E)S%rcg}nhlﬁeg ﬁ exi B{ éﬂ? oc%(

actuator, such as a press Used’ 10 press t
cabl e, flLexi bl e dcircuit.board or the |ike agai nst contact rtions
of "t he 1 e it kSt BicbORRe Sty rdfere shR ST b el PEerRr teRde s
small, and the insertion force required to connect the terminals to a

m ni num leyentbatdis meueted te thedpusipg shonefsheeraaedipt krlvee toibe BrtedorThpothes ur
menbers which are rotatably or pivotally nmounted on the housing for
nmovenent chmevioe hodsingstas oopenmpresprpiradisg edrh toliomgrsfto@egigeshke ¢canpsurfae(shso that
cables into the connector housings, and second, closed positions for

cl anpi ngaé ke Idvenbr Ealdlegs maged inshe ddiRed QiRdctith, the dnk hiafie@) adtloa theEam nal s.
One of the problems with connectors having rotatable actuators, cans or

pressur e gy rdviind i cbffd efd mnnﬂl tDRig EaFHE g@:ﬂ%ﬁ fhgck toward
its open op05|t| onrvmré% ucndes:&;r?e Vext r nal fdorcéa Sare ﬁ‘gp e tool&'%he
flexible flat cable. The flexible flat cable tends to raise and rotate the
pressure ORI &r, thereby releasing the flexible flat cable fromthe

connector, -2 VO 01/ 52361 PCTI USOO 10668
Other zero 1nsertion force type connectors conventionally have a housing mounting a

plurality of terminals in a generally parallel array. An actuator, such as a pressure member, is
used to press the flexible flat cable, flexible printed circuit board or the like against contact
portions of the terminals. In order to keep the size of the connectors relatively small, and the
insertion force required to connect the terminals to a minimum, some connectors have been
designed with actuators or pressure members which are rotatably or pivotally mounted on the
housing for movement between first, open positions allowing free insertion of the cables into the
connector housings, and second, closed positions for clamping the flat cables against the contact
portions of the terminals.

One of the problems with connectors having rotatable actuators, cams or pressure
members is the tendency of moving the pressure member back toward its open position when
undesired external forces are applied to the flexible flat cable. The flexible flat cable tends to

raise and rotate the pressure member, thereby releasing the flexible flat cable from the connector,



and possi bly damaging the termnals in the process of the flexible flat
cabl e being pulled out of or disconnected fromthe connector. Thus there
is a need for an inexpensive, easily assenbled connector that elim nates
the expswv@onv®E361ti me consuning preparation steps common t #GIEES0BMA0Ge8 st
connectors, and that . elimnates.strain on_.the electrical_ connection Qr
adver (BTG dAagE HiF TR ES EbE lperS DE MR cBFr bR PYizd cSap! e,
flexible printed circuit board, round wire interconnect or the like in

pl ace wPk Hpoonpgrded-fhom ke ConppGtPle producing a gas tight seal. Summary The
basi ¢ enbodi mrent of the invention is a connector that accurately aligns
each contact Thw thers 198 8¢egfedancioenpentior, easiipdssembigd kommeotoa clias elxhinates tirast
one contact or at |east one conpound dynam c contact gradually engage the

conduct i ¥@efdive; dirde cohdualing pRparatién S8y ®mnidresivt 6f BbdttbRtkctdrt laadkiat boar d,
round wire interconnect) and apply sufficient force to pierce, via a

taper o Rkl PIRS A CAGRe ARITR v M HUIbIG R i idblref GG 1 ©

but not 1ts 1ndividual conductors. he cont ac are def’l i

first deflect. range., by, the circuit's conductor in such a .as to
Ski ve of freruhfiat SEE Regbiprie Gt boda BRRE R s Bt dhtee ety
of the adhesive on one_side of the conductive circuit without totally

pi er ci ngWithia thesragestowhilg prodymangehgasdighbsral may be a rotatable cam or
cylinder into which the circuit passes. A portion of the circuit is
retained in the cam The circuit may enter partially or pass all the way

t hrough the cam As the camor cylinder rotates through its rotation cycle,

the condgghmimé4gycCircuit is wapped around it, and the camor cylinder
i ncludes raised features designed to |lift at |east one conductor of a

flexible oiropdpddlbiRfintheot b GRbnGAI08 EbhBiopikladullel SriALS apLeCt

and to then i1ft th efl ectable contact 1nto a secon ctron range.
The cont c{(s into. the secong ction ranq%e,dm)ves
3h

the cont Qats Soen@omvye dramBoRieaeas R at Par SERaRad Bt richs SRoPohd and
ST ONTTT Rl amle Coniact aradually engage the conductive eircutt (A4t foxible cable, Hexolepriated
circuit board, round wire interconnect) and apply sufficient force to pierce, via a tapered
insulation plane on each contact, through the circuit’s dielectric but not its individual conductors.
The contact(s) are deflected, in a first deflection range, by the circuit’s conductor in such a way
as to skive off (remove, peel off) all the insulating dielectric and a majority of the adhesive on
one side of the conductive circuit without totally piercing the conductor.

In one embodiment, may be a rotatable cam or cylinder into which the circuit passes. A
portion of the circuit is retained in the cam. The circuit may enter partially or pass all the way
through the cam. As the cam or cylinder rotates through its rotation cycle, the conductive circuit
is wrapped around it, and the cam or cylinder includes raised features designed to lift at least one
conductor of a flexible circuit into an electrical connection with a deflectable contact and to then
lift the deflectable contact into a second deflection range. The contact(s), as it is deflected into

the second deflection range, moves the contact’s insulation plane into a neutral (non-cutting)

position and significantly increases the contact force on the circuit’s conductor.
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WD 01/ 52361 PCT/ US00/ 10668 This sequence of nechanical events brings the
optional force concentrators on the contact(s) into a high pressure
connection with the conductive circuit's conductors. The contact is

desi gned woossbly sufficient pressure between each cont actPGEHESA0{18668at | ng

conductor to erce throu any remajni ng, adhesi ve and nmake a netal to
roral . or Sur HEEESRSRES At PR TeRPHLAETE PpeSHne GEHEnal GirE tontitteioesgn the
connection. In _another enbodi nent, there nay be a contact nodul e

cont ai ni FgNtaet(s)dnfe @ highepressuisoipnaedtipn avithehe epnduetive dirguit gicordugtass nThegontact
activation portion instead of a cam In either enbodinent, a sinple

cont act hsadesippedito apphududiidian ppdsaure bgiweec ech @nntagenat Sts nisgiof codductod o piaper of
dielectric froma flexible conductive circuit such that a partial seal is

formed hebWeRnyeRARInERHIBEvend ke aiidlalvh ghetdl, TROANGL MRS t8kudtR filsgXi DI €

conductive circuit. Therefore an aspect of invention is to provide an

| nter conngckioRYeidcRibal QorbLioh! Yo Aidhed ABSARIAL Vi a0 bELEBAIGGho M I8

vari ety apes of contacts to conventronal’ con Ive circults such as
flexible circuit, tqfe cable, or encqpsula%ed rgund W r e harness. Anot her
aspect of ORARISA) &3E YW “iOEIPPB“fg?W%Fe OZFAch PREVHE @ SORREHACHVANOR POBIRRTEAT s

body wherein the connector is adaptable to an application specific contact
shape exiof piggmt e eighen gabodmenty  dimplesantach javdrsarnsiasulatipayplane pirsessgaeédedds a
sinmple pin for insertion into a printed circuit board or a conplex spring
desi gned back tiettep laydriof didieetricibom adlegibk. coAddative hiecuitashiple tat @ partiblesealiy fpined n
is to provide a connector that elimnates the expense of renoving the

i nsul at i getvaded esdhedntadfadd e GRIRGME! B6rRIubbrst dFehd fiibidtshdativeltircuignd
soldering, crinping or welding that is usually associated with the

tt h t of ; i nt.er i jt . th
aspoct o to ApelORnbileciolihAhlion 18 Brovidk BRI f:: Nelehtto quickBLadl e
and adhesive of, t.he condgc;L e cjrc%ib arefcoq?gessed %ﬁfiﬂSt he side
wal |'s of RFRASHSHJIRELFOAGEEWide Variei ot dnangs of parectsie cBKTRaral CanduSHuct or

seal. The seal can be easily made permanent by heating each circuit
conduct orcirggtssuelbasfiaxiile piecuithizpe s2hle @5 enqapsulpted wupd wareghgrepow and t her eby
seal the

Another aspect of the invention is to provide an interface within the connector’s body

wherein the connector is adaptable to an application specific contact shape exiting the connector
body. Exiting contacts may be designed as a simple pin for insertion into a printed circuit board
or a complex spring designed to mate with other connectors.

A further aspect of the invention is to provide a connector that eliminates the expense of
removing the insulation and cleaning the conductors of the flexible circuit and soldering,
crimping or welding that is usually associated with the attachment of a connector contact to an
interconnect circuit.

Yet another aspect is to provide a sealing mechanism wherein the displaced dielectric and
adhesive of the conductive circuit are compressed against the side walls of the connector housing
providing a partial contact to conductor seal. The seal can be easily made permanent by heating
each circuit conductor to a temperature that causes the dielectric to flow and thereby seal the

contact to conductor interface.



contact to conductor interface. -4 WO 01/52361 PCTI USOQ 10668 A still
further aspect is to provide a connector that only pierces through the

upper layer of a conductive circuit's dielectric, |eavin
| ami nat eWM8pER3GInt act. By elininating the need to renove gé@%ﬁ@é st e the

base |ayer 03\ %Eﬁthﬁﬁérr d-sgect {she g‘f&\}?&jé’é:&;n‘ﬁ@ct&i fhetbdly &e&b@ﬁﬂéﬁlﬁﬁpﬂé uppeditdyet &

i's maintaine tearihg or damagi ng the conductive circ I s ‘avol'ded.

Al so any risk of . changing .the conductive circuit: l gctrical. orn

di ol ect 7 ondo e EHEt Petdob MnGR R phie i S e vl BREIhRBREhsnerd 1o
provi de a connector that can be munted t% the end of a flexible
conduct itQ ESTBPYEQTiPENGH At the ase laxer of diglegtnsgthe Rendyclyeticrits dimenpqnlstability
term nating area, that can be nmounted wi thout the use of tooling, and that
can be essiintainedwapt éehring ondamagingthe comfuctveotirowit isreveided mallsormmdiskwf enent s
and wi thout having to observe the connection site. Still another aspect is

to pr OVidﬁQng'in%Ct(he Resduetivd dithitiseldcaical orvditlycteaparanadrsiinevgiésisi ve to make in
gquantity. Still another aspect is to provide a connector that configures

the flexible £yt sgisa R thd AN I8 préVided] Sorh8libehgScantR riduntddi b tfhéhd N
so doing protects t contact to conductor electrical 1nterface. Still

anot her ct.is to provide I ressure. c %ﬁ{ em.t hat. may be used
in thos eoq.%%ﬁ%}ecca?f‘ﬁ%%g °f lé‘aﬁti ‘Fi%h%‘?grsgé S tglgl% ﬁg} I'h ceﬁfs a%:hee rpgrrxmréatflgg?azer o]
insertion force) styl e,conn%ctor. In. this type,of algpl i cg(ii on the flexible
ci r cui t $hatfapbamonpted vathryt theysg ofjgoling, agd th g c3118 5Pemed tocd PaliRg  pef or e
it is inserted into the connector. Qther aspects of the invention will be
exenpl i fdosdedbyr witheminghil danchmodementsandfwitheutkavingdetohbereelthgeoondcpon site. of t he
preferred enbodi nents of the invention, and the appended clains. Brief
Descri ption dtilltanether apeddstoprgvitea tomectr dnat Bxplhividdeasy assinsgmnsionad end
vi ew of the connector enbodi nent using a
make in quantity.
Still another aspect is to provide a connector that configures the flexible circuit in a
manner that strain relieves the circuit and in so doing protects the contact to conductor electrical
interface.
Still another aspect is to provide a low pressure contact system that may be used in those
applications requiring a gold to gold interface or a ZIF (zero insertion force) style connector. In
this type of application the flexible circuits insulating overlay must be first removed from the
circuit before it is inserted into the connector.

Other aspects of the invention will be exemplified by the following drawing figures,

detailed description of the preferred embodiments of the invention, and the appended claims.

Brief Description of the Drawings

Figure 1a is an exploded cross sectional end view of the connector embodiment using a
cam.

Figure 1b is an exploded front view of the connector of Figure 1a..
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cam Figure | b is an exploded front view of the connector of Figure |I a..
-5 WD 01/52361 PCTI USOO 10668 Figure 2a is a top view of a conpound
dynam ¢ contact, showing, in this exanple, two individual contacts, spaced
apart bywb el/®2e6ric, and | anmi nated together. Figure 2b is BCTEVI1PI68Nn vi ew
of a contact wth conmpression notches and force copcentratars sh?wi ng the
first deflect FENTSZiige ORYgH A axompou éY“&B‘lcp?Oé‘FF%iSEW’S& iy thi3 pample, cPJh
conpression notches and force concentrators, showi ng the second deflection
range as indiadusbegntects ispared 6parh by, dielscingpand lammptgdtegethes. | s a cross secti onal
view of the activation cam and at |east one contact, with a circuit
inserted. Fi ghigare3lb isa sidefplantiew iof weodtadtivathaainmpressioamotvhes addadceg t he
various circuit alignnent systens used. Figure 3c is a back view of an

activati @in&Gathtotd\Bh&ing the st Qgﬂnecﬁj,ﬂpag'%é_ woul d exit the cam if the circuit
were to pass through the cam Figure 3d is an end view of an activation

cam Figure 3e.l 4 i | -y %h ong # "A- A of Flqure 3d
wi thout a fl e%lgg?eeﬁ %?‘%E:d&%?&l Vr%é's/"tV gr/?tg : g(givglﬂlr e és?féng@tsc@% z1(}‘(()ir¥§l%cgvi ew t aken
along line "A-A" of Fi.gure 3d !wé{‘?a a flexible circuit., i nsflal I ‘ﬁd- Fi gure 3g
is a topCORERTYPrsashals heseeq CUQRAHIEE A HFOIRECSPIRY BACIBFO2R%8: havi ng
precisely located holes placed through the dielectric separating the
i ndi vi dual ci Feaure 3aispduess gegionalvievy of e activatien panj andjahleastione cemagiewitlhp .
Figure 4 is a cross sectional view of the activation camafter it has been
r ot at ed, cbwninsegted.
Figure 3b is a front view of the activation cam showing the various circuit alignment
systems used.
Figure 3c is a back view of an activation cam, where a flexible circuit would exit the cam
if the circuit were to pass through the cam.
Figure 3d is an end view of an activation cam.
Figure 3e is a sectional view taken along Line “A-A” of Figure 3d without a flexible
circuit installed.
Figure 3f is a sectional view taken along line “A-A” of Figure 3d with a flexible circuit
installed.
Figure 3g is a top view of a flexible circuit usable with the invention, and having
precisely located holes placed through the dielectric separating the individual circuit conductors,
to guide the circuit into the connector.
Figure 4 is a cross sectional view of the activation cam after 1t has been rotated, showing
how the contact(s) pierces and peels back the dielectric insulation from the conductive flexible

circuit to make a direct contact between the contact(s) and the conductors of the conductive

flexible circuit. This figure also shows an optional second contact.



how t he contact(s) pierces and peels back the dielectric insulation from
the conductive flexible circuit to make a direct contact between the

contact(s) and the conductors of the conductive flexibleggi } %’hi S
figure aMWP1&R¥fhs an optional second contact. -6 WD 01/ 52§g}"h§§¥ 1580/ 10668

Figure 5a i s Bightél5aa¥@Yursdvls sieQNévobf thd ctiatiby Alot®le efABEERNESMBE intEr R onOf
the invention, wth a flexible circuit contact inserted. Figure 5b is an

end vi eV\QN%a Qib?ecéljcﬁi:’ilgiérﬁgct‘?&%ﬁ#;cpn of the enbodi nent that does not use a

cam Figuré b5Cc 1s view of the activation portion of the enbodi nent
that does not _use a. cam, Fiqure 5d.is. an end view qof the contact support
porti on of |t NESHFEF AR YIRS Of fsRStivaion Pagion.p! (B embadimicns Thet dpes not SRR
view of the contact support portion of the enbodi ment that does not use a
cam Det&ihed Description of the Preferred Enbodi mrents Referring now to the
drawi ngs, |like reference nunerals refer to |ike elenments throughout. Mbst
basi cal | y t heFigneeittis aside orepr ofsbsacivstion puyticoof the embbdimbntrthyt doaveotaust aper ed
insulation plane that can pierce and peel back the top layer of dielectric
of a fleygple circuit and forma gas- tight, surface finish to surface
finish seal. One enbodi ment of the invention is connector 10 which has
three basic par i i C y: |

have at Ieastﬁgh%’sﬁ%?ggg@%?wﬁ?te%s #fa?fgﬁqg%?%gﬁm%égggleo%& eﬁwmgg&ést ached
defl ectabl e spring contact 14 which nay be a single contact or a conpound
dynam ¢ B%’rﬁ?fg}, at | east one free-floating, activation cam 16 rotatably

di sposed within the nolded cover 12, and a nol ded base 18. The nol ded
cover 12 and Biggee 5egs p sidgviewheiihe ¢RIIt4CH support portion of the embodiment that does not

us€ a cam.

Detailed Description of the Preferred Embodiments

Referring now to the drawings, like reference numerals refer to like elements throughout.
Most basically the invention comprises a spring contact which may have a tapered insulation
plane that can pierce and peel back the top layer of dielectric of a flexible circuit and form a gas-
tight, surface finish to surface finish seal.

One embodiment of the invention is connector 10 which has three basic parts, as shown
in Figure 1a, a molded cover 12 which may have at least one molded-in, press fit, heat swaged, or
otherwise attached deflectable spring contact 14 which may be a single contact or a compound
dynamic contact, at least one free-floating, activation cam 16 rotatably disposed within the
molded cover 12, and a molded base 18. The molded cover 12 and base 18 form a housing in
which activation cam 16 is rotatably mounted, and the at least one deflectable spring contact 14
is connectable to at least one conductive circuit 20 such as a flexible printed circuit board, flat
flexible cable or round wire interconnect.

A key to the invention is the deflectable contact 14. Contact 14 is geometrically shaped

and mechanically designed and positioned in relationship to a flexible conductive circuit 20 to,
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whi ch activation cam 16 is rotatably nounted, and the at |east one

defl ectabl e spring contact 14 is connectable to at | east one conductive
circuit 20 such as a flexible printed circuit board, flat flexible cable
or roundwe 0rs236tt er connect. A key to the invention is the F§a/V¥00%%6e

contact 14. ntact 14 1s onetrically shaped and nechanically designed
and posi t‘?l’lkt?ﬁg%rcl: i arpéﬁ%ﬁ’ :bS ﬁ‘gtﬁf’?? tQ PresipfeQntach gt expasd eprdugtars ofithe st - 7

WO 01/52361 PCT/US00/ 10668 when force is applied, be stiff enough to press
i nt o contleast ong qondestive swebit dfi d tapeogdsinglation @laae 22 lissused, ooréawt dddhatld be stiff
circuit. If a tapered insulation plane 22 is used, contact 14 should be
stiff ersugh doopipicetireugththe wehlayéreortan inshiayieg dielectsit 208k dbipPkhnt bRIURE k6 bE
20a, but conpliant enough to be deflected along the conductive layer in
such a mMapAshePRohPihe JURRicHMaF& in ddthlandmn@Y & toQUe dolfict P4 RERI ﬁ% e
conductive circuit and scrape off the top layer of insulating dielectric
20a and 00L.. U cOo ctive | ayer's.sur.face e a
reliable Sg eccetogfiﬂclze %:ogquﬁcet&%ijcg ﬁm?%inéft st:':?aé) ¢ ng?t H? Eeozgsl ?yeFr)g r {nf’%llf“ll@g ‘é%lgi‘ftgﬁ 58%%@(

pi ercing and scraping ocess sufficiently def|ects spring contact 14 to
gener at e o1 250 P! 9*35%@%4@%@%}@9 Stswf%ﬁlz%ﬂals?ja Fraiple glektris Goangchipn ghat is

el ectrical interconnection between contact 14 and the conductive materi al

of conduct least partialimisealezl) Thagieshiogmnd scrapiing procesb suffiviently deBlects springaopntact4ide
a circuit alignment window 30 to provide rough initial alignment of

conduct i e generstaittie ctrol fobcearoesicry v make ardontaihitaitia elidtde sle@eibsl @tERbnrkBtionT he
connector is designed for ease of assenbly. It can be snapped together, for

exanpl e  yaidd coRan MPMIIN sRudeadsarsPBhcdmudiivd Hrtuif 26 A@%v&r{"ﬁrﬁ%ﬂn%%,
el i m nates expensive, tinme consum ng ultrasonic or heat fusing ass Iy

i j . 2 i i.cal.. o
caut Pl 88) by RERAEY ke AGMBATARE) 208 ptl RS e bR "
repai r ed orlparts.replaced as_npe essa%%%ZCbnnector 10, may contain one, or

two or noPRAUCEYR GFQuit0 With cate, Loy Whe REGHIt OB S eQnaeatar Mg acti vati on cams 16

as required to termnate two or nore conductive circuits 20. Can(s) 16 nay
be formed in Viegopgciosuindesigned dotdase pigssambily; kb icarebe snapped together, for example

using snap mechanisms 44 as shown in Figure 1a, and therefore eliminates expensive, time
consuming ultrasonic or heat fusing assembly equipment typically needed to form conventional
electrical connectors. In addition the connector 10 can therefore be easily disassembled and
repaired or parts replaced as necessary. Connector 10 may contain one, or two or more; single or
compound dynamic contacts 14 and activation cams 16 as required to terminate two or more
conductive circuits 20. Cam(s) 16 may be formed in varying round and oval shapes in order to
accommodate conductive circuits of different thicknesses, yet all varieties of cam 16 fit in one
size cover 12 and base 18. For example, cam 16 may be oval, or may be round, or cylindrical,
with raised features to lift at least one conductor of a flexible, conductive circuit into electrical
connection with a deflectable contact, and as the cam continues to rotate, lift the contact from a
first to a second deflection range.

As shown, for example, in Figures 1a, 1b, and 2a, molded cover 12 contains at least one

spring contact 14. As shown in Figure 2a, spring contact 14 may be multiple individual contacts
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accommodat e conductive circuits of different thicknesses, yet all varieties
of cam 16 fit in one size cover 12 and base 18. For exanple, cam 16 may be
oval, or may be round, or cylindrical, wth raised featurRsdQohbdss 2t

| east on&Q 8t or of a flexible, conductive circuit into electrical

connect i @fniwhibd'topethef { PR R BnipBiid&dntactNd &&fplbﬁk?d SHAE PR 1laf ‘d%g bé ﬁ%rhmﬁﬁ %F g r

lift the contact Tfroma first to a second deflection range:

exanpl e, ;j.n.Fi ; C ntains at |east one
pri ng. ol ety ol e Sl SPGRRIY B SO G B SERE {11
i ndi vi dual cogﬁgcts - ) Q1/ 52361 PCT/ USOQ/, 10668, | am nated fogether to
forma cGRAYBEHATIIESINP AR 2Pplied PRESSHTR deRYRIERE O 2NyrRgfticuas shesen ppplifadPprofCover

| ayers of contacts that may be stacked vertically or horizontally and
shaped t d2addusimstivalsuppashtostbe corrfector i § ond mawtainsriricatipn eftha springempniacment s
of any particular chosen application. Cover 12 adds structural support to
t he connaéteing tonreottd datring eienssenibilyeproadss 0 Coffact! pieh Salighmente cdtifigaitation andl 4

bei ng connected during the assenbly process. Contact pitch, alignnment,

conf i gur aiorQerRAf (coil¢196hsE RS BfLEAYRAED) _af%%%jﬂ@@géi‘ﬂﬁﬁt%&th&@ af BRGEDe 2T €

desi gn dependent features and may be eaSily adjusted to acconmodate

speci al reguire ) i requirement s I ut__are. nat

P tod 50 RBERES e oBfidRle SRICETRRR O e Eodt ety el R ofie
particul ar _ connector, .or accommobdati ng special dielectric requirenments
such as At RiEsd 19y PAKHREFONIaG! RItEh F4nte OF PYNEr EBWFSTARISYitim 2 BRTLCYAR act ( s)
14, including the | ength, thickness, and structural mnake up, in

conbi nat icomnegfor,tprtaeommedriini specia dielastriggeguitsinentssugvastbickeror tipnesnd cam 16,
allow connector 10 to be easily adaptable for use with various conductive
ci rcuits dfectidbeThe torigngdtidon @f cembRGYNd inchditigaké ledghh] thickndss adnddggétgral t hat
allows it to reliably connect to closely packed conductors. To maintain

the desi pgde ah ah @Imbmehi S with tedREBGhical 4dvaAr0PAHE Sonre@BE 86 tanki Sah 96 NREW " OM
a conposite lam nated contact design, as shown in Figure 2a. Conpound

dynam ¢ %@E&e%‘&}r 1€I4to'bsé eh ¥l AhptdBE For' Ji8 with A4AbuCRNERTLE LRk 287 € | am nated
together TO Create a

Whether single or compound, contact 14 is a flat design that allows it to reliably connect
to closely packed conductors. To maintain the desired stored energy in contact 14, a compound
contact is formed from a composite laminated contact design, as shown in Figure 2a. Compound
dynamic contact 14 is two or more individual contacts that are laminated together to create a
mechanically sound contact structure. For example, 0.005" thick contacts are separated by a thin
film dielectric, about 0.001" thick, placing the contacts on 0.006" pitch centers. By laminating
two or more individual contacts together with a structurally enhanced dielectric that has, for
example, been created with its molecular, granular or fiber particles oriented to accommodate
movement in one direction over another, contact mass and deflection range, and electrical
characteristics can be significantly improved while using contacts that are 50% or more thinner
than those required to achieve the same results using individual contacts. Components layers of
a compound contact may be stacked either vertically or horizontally to accommodate the

dynamics and pressure requirements of a particular application. The invention thus can terminate
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mechani cal |y sound contact structure. For exanple, 0.005" thick contacts
are separated by a thin filmdielectric, about 0.001 " thick, placing the
contacts on 0.006" pitch centers. By lamnating two or nore individual
cont act sweeekbar with a structurally enhanced di el ectri c RAOTAIS08A8668f or
exanpl e, been created with its nolecular, granular or fiber particles

ori ent ed tp sighiberaskedieanductary drhsvse pha grcturpieenharned dielsctimipersases 2 compend
mass and defl ection range, and electrical characteristics can be

si gni fi caohiagt’s stpEngthettironigh ke larsinagngpotast sFig@i2adihestafedeeompous dyhamiter
than those required to achieve the sanme results using individual contacts.

Conponentspntady Bf &apable obteS@MROMID AR ofBY0BENCH ik @EhtBist her vertical ly
or horizontally to acconmobdate the dynam cs and pressure requirenents of a

hori d pressure Tequi rements
PCT] LSGO 10068 o a1 st KPR RS O™ o Sl ot i)

enhanced di gl ectric iLn¢greases onmpound ,contact's. strength throu t he
i nat | AGP[POeL s cSusP PSS eflit Finge and Bt by FaRPE Oda Tk 14
capable of termnating to conductors on 0.006 inch pitch centers. The

nat er i al formgddkore 8 SPEREIWIRE GF Map e etshaderstamped fromsa gpringdpaterisba Seataghl4, he
particular application's required contact deflection range and

i nt er conrfenedfiotizamar@enofabe (nvkntioh, stayes bed appiesrthe necessara capadt pressare@nor  nay
be etched or stanped froma spring material. Contact 14, fornmed in the

manner ofdefrdafd.iCvHdtt i 9 Provided b &dpiaf dod R ds9bislcbanddRA?S ONAUEIH Atk dRAQESHT €
on demand. Contact 14 provides a Wi ping contact, as it is connected to a

conducto rcapzyﬁﬁ%r g?%lﬁ&& i1Q @omﬁ%}g%}g% fndé W¥riftfon€ %@%cl&x@ss%%@ﬁ&ﬁﬁ{/@ Sirduft§ 20

variations 1n the thickness uctrve circurts 20 el ng connected with

connector,_ 10. In 0site con 14, t.he dje tric | amnpating the

vt g saniere VLRSI sebrpifiroptedt [t Serfft RlindRaits g
stabilizes individual <contacts, thus insuring that the individual contacts
mai nt ai n BHEdwal spaiaety togsther prowiiss quiedinggtingpatenigh pedstabibepsindividil s. The
singl e or conpound defl ectabl e contact 14 may have, at the end that

connect s doataats, thus insuring that the individual contacts maintain their spaced relationship, and any

mechanical requirements.

The single or compound deflectable contact 14 may have, at the end that connects to an
electrically conductive circuit 20, a tapered, pointed insulation plane 22, as shown in Figures 1a,
2b, 2c, 3a, and 4. During connection, the rotating cam 16 lifts the circuit 20 forcing it to engage
the pointed insulation plane 22 which then pierces and peels off the top dielectric and adhesive
from the conductive circuit 20, thereby exposing the circuit’s conductor, while leaving the base
or bottom layer of dielectric intact. Thus, unlike conventional insulation-displacing connectors
and contacts which penetrate and weaken the circuit’s base dielectric, the invention provides a
contact and process that maintains the structural integrity of a circuit’s base dielectric laminate by
electrically terminating to the surface of each conductor.

Also, optionally, at the connection end of contact 14 may be a plurality of force
concentrators 24 that accentuate pressure at the interface between spring contact 14 and circuit

conductor 20 as required to penetrate any remaining adhesive not peeled back by insulation plane
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el ectrically conductive circuit 20, a tapered, pointed insulation plane 22,
as shown in Figures 1 a, 2b, 2c, 3 a, and 4. During connection, the
rotating cam 16 lifts the circuit 20 forcing it to engage leps €d

i nsul ati MP W5 22 which then pierces and peels off the FggngPQﬁgctric and

adhesi vers f{0RJ &cpRBHGbbYR G101C W 6 08D ofttheESHRMcRERREERI of BshdaEdof db to S
conductor, while |leaving the base or bottomlayer of dielectric intact.
Thus, unl,Lke V. i Qnal | L.on-di . ACI C d contacts
wni ch pereoff SPARRM Gk BT B bEdePheBy R nRRRE B oM CRTIAL,
provi des a .contact and process that intajns the structural integrity of
a ci r cui Pateripa-cragte p oetylite me '%aréf‘%htg‘%"t PPN OISR SR SoRtRCt &
surface of each conductor. Al so, optionally, at the connection end of

cont act dohdpetivelsacuit gl.urality of force concentrators 24 that accentuate
pressure at the interface between spring contact 14 and circuit conductor
20 as requi r edomparpé fetonatrtionalhigiedamisioy cuntath@amsli coanevadrs, peahgaint dghantiy

i nsul ation plane -10 WO 01/52361 PCT/ US00/ 10668 22 and al so to scrape off

about 0. QO ls 14 £Re PwB Bt mor@fetlehGort@RLUIA hMEB RFLESH '&’hjc}?fthe?(ﬂ@g dehigy 20 to

cl ean off any netal oxides, such as tin or copper oxide, that may have

for ed0p. {0 GONTNE inkin iTBRFsBb ank Oc CHRREFekallFLiadi 4 MBIk s B3cckl 01!

. C
el ectri c&l "€onne spring con 4 an con Ive circurt 20.

Conpared to conv i onal high density cqntacts and connectars, conpound
ynan o heoehahs Solet Rt B v HIAaR| BEP TR fotafigRB PR NG beich Gn g

whi ch they flex during connection, as best shown in Figures 2b and 2c. The
force eadiownontigures2h aadgdri Higuseslq thopsgsentact M witlypo faree eROCEEEAITS O r anges
may be controlled by optional contact conpression notches 26, also shown

i n Fi gur esmptbssaomchoches. FTpifist deflectsdnonangeaA poovides tfortd stnorigenooghf ©rmerce and
concentrators or conpression notches. The first deflection range A

provi despdeppFenesditiedttic 8RedHalcivR dircdif 26 babdot tBRrcedtht niche (B ek6ld, icBptr)
conductive circuit 20, but not to pierce the netal (for exanple, copper)

ggt”g‘rj%t gé%idg&gﬁﬁ " HeG6rcd ‘éﬁé{llﬂe&% #hB it BeAdchiSA rAEL S bb@nh A P A liSimum
y the mnimn

thickness of the contact, as shown in Figure 2b. If compression notches 26 are used, as the
compression notches close, they activate the stored energy of the entire contact 14, By way of
general example, if the contact’s body is twice as thick as the thinnest portion of the compression
notch, then closing the notch will approximately double the contact’s applied force. The typical
force required to pierce and peel the dielectric off its conductor may be as little as 75 grams while
Applicant’s invention can generate and maintain approximately 150 grams of contact force to
achieve a gas tight connection. At least a partially sealed contact 14 to conductor 20 interface
occurs as the peeled off, displaced dielectric of conductive circuit 20 compresses around the
mating conductors. The partial seal is formed of adhesive and dielectric (for example, polyester).
The seal is caused in part by the compliant nature of the dielectric and adhesive of conductive
circuit 20, in part by the memory induced into the dielectric of flexible circuit 20 during the

laminating process, and in part by the ‘desire’ of the dielectric and adhesive of conductive circuit

20 to reoccupy the space from where it was peeled, where contact 14 is now present. The seal
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t hi ckness of the contact, as shown in Figure 2b. If conpression notches 26
are used, as the conpression notches close, they activate the stored

energy of the entire contact 14. By way of general exanp isho/k X6
cont act' ¥HYHP3Es twice as thick as the thinnest portion IS?T{lﬁte)O/corr%r essi on

notch, t BaMe SHPEd Addd ﬁy%magn@iay Wi akihg REURM R Hﬁ&l%ﬂta&%ﬂ%ﬁgétgﬁ élﬁqghgct 'S

applied force.” The typica force Tequi redl to pierce an

di el ectri f its _conduct or e ljtthe [ while . .

Aopl | cant S Bat AN gl e s on oty Srd sl S Ml ilrefopinpit s of
contact forcge t achieve a gas tight connectigon., At |least a partiall

seal od cHREHCE Thus dhechivlanine gpstend of Rpias pefeeed %@%@scagdeé,r@nﬁé@p@ﬁly&ef,y

di spl aced dielectric of conductive circuit 20 conpresses around the nating
conduct orsusediineitp 4¢ tdfedm arennd the nEwlyrmatlesectitiabeinpectiond di el ectric (for
exanpl e, polyester). The seal is caused in part by the conpliant nature of
the diel ectri asalestribethatsive enagbe ardediticid soenponhd dynami@Eontaco 1 addldddyintolv@ver
menory induced into the dielectric of flexible circuit 20 during the

l'am nating PoRetsS scbill ddtngdahd dgma@@odt&@ah nfy beimdiR iRt EHREY B iserPhsk a
adhesi ve of conductive circuit O to reoccupy the space fromwhere it was

peel ed, [ 0 114 1S . or T =1

Ty Usor 0aR bR ebftels BT S tner SN SRR A%; otPL S dctielthpary oy
contact of cont ctgs) 14 to Z}%ﬂéengver ture that causes the dielectric Lo
re-flow CRRIRIP ElgHe fhioringriase dha deppily fsontacts thay may Og sPRneciedvathineonnestaf, L0.
the dielectric, instead of being scraped off and discarded, can essentially
be reus8Hown insFiguretdos pe pptionabfosterepnedneratienextenagr 40 shichimaybgimaldedhiatsr i on.

As descri bed above naybe at | east one conmpound dynam c contact 14 nol ded

i nt o coveontadtA4 ddoiveveroracoseciang basspotontodide addittombedngutssia fory tdeidnol ded
in to base 18 such that a conpound dynam c contact is positioned on either

side of ¢aithd64 iRBRALngl &R HERHARS dRRRIHc of RfcuiffPWN i n Figure 4, to increase
the density of contacts that may be connected wi thin connector Shown

10.
ol ded | nto - Loapaty pjes o H R RIAAI b SRR LCLAFLE fo e B

addi tiongl coppression force to aid . . .
en disposed 1n cover 12 and base 18, cam 16 accurately aligns with compound dynamic

contact 14 and, during connection, aligns the individual conductors of conductive circuit 20 to
the individual contacts of contact(s) 14. Caml6 is rotated to make the electrical connection.
Cam 16 is rotatable by inserting an activation tool (not shown) into cam activation socket 32,
shown in Figures 1a and 3d. As a security feature, cam activation socket may have a customized
shape, requiring a customized tool for operation such that only a user with the appropriately
shaped tool could activate the cam.

In one embodiment of the invention, to form the electrical connection, conductive circuit
20 is inserted into connector 10 and roughly aligned by circuit alignment window 30 in base 18.
Circuit 20 then passes into cam 16 via circuit receptacle slot or notch 38 as shown in Figures 1a
and 3d. In this particular illustration, notch 38 extends through cam 16. However, notch 38 need
only be able to capture and hold circuit 20 inside cam 16. Thus, depending on the application, it

is not necessary that a slot extend all the way through cam 16. There may be simply a slot or
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contact 14 in piercing and peeling the dielectric of circuit 20. As shown

in Figure 1 a, activation cam 16 is housed within nolded cover 12 and base
18. When di sposed in cover 12 and base 18, cam 16 accuraEekxﬁﬁ&hg§§ W th

compoundW@MBed6d contact 14 and, during connection, aligns the I ndividual
conduct Oﬁcft lgf’orﬁlgaﬂn bty t‘ﬁr&ighccﬂfnt 162ftd thcfa {aﬁ'cdnnﬂj ¥ 'th'ﬁéd GRREEE Eifeu@ 20 is Ié%t

contact(s 16 is rotated fo I'TB. e he el ectr|ca connecti on.

is rotat i nsert acti 0al . (not

nct ] vat | B1e GorAbepOragetel Qg Bt Bl thel R3ecadln OB el ARYt20 S v,
can1act|vat|on socket may have a custom zed uiring custonlzed
tool f or fegpRP£EMAS §&‘€H6t‘ﬁﬁlen6‘?fﬁﬂf aW}EfEIéWr%StCHC“Phgo afoPp %&Mé@n foregs SpaRe
tool could activate the cam In one enbodiment of the invention, to form
the el ectortaall4toporsat iesposed oprtuctorsef ciopit @9,tor ibWpirnes ¢antast d & avithriapered
connector 10 and roughly aligned by circuit alignment wi ndow 30 i n base 18.
Circuit gulkfieiplpas22eso pisice tixadieldGrivRea 6f dicuit 20 and siivacff 8ol thé dielectiiotaad 38

as shown in Figures 1la and 3d. In this particular illustration, notch 38
ext ends smeaugbmf:@mr%@t zb*@m&eﬁn to%ﬁﬁ@s’@ ti&8cd@ssor, B8t ekalpledBbpert SoraRddUr € and
hol d CIrCUIt 20 1 nside cam 16. Thus, depending on the appllcaflon it |s

not nece at. a sl

sinply a ‘i/ :)IJIP1 % %%iﬁ g%@ Ctg %%vg%%%&ro &??é‘éi%gd?? a

t hr ough can116 into whjch circuit 20 i ngerte erein t 20 is
not . abl 834 aEgsiee s g doFE NS RIS woe%%?b‘affegépw the § i n the
notch or slot. Crcuit 20 is fed into cam6. Cam 16 is then.rotated, whi ch
wraps ci renduttopOBecavsmef theaval o1 saieedishaneet camprlbnepntacs bt aed citapitt2§ asent act
exposed conductors of circuit 20, or if using a contact 14 with tapered

i nsul at i esmjpressad irt@ a ghotighteoaectibie Theshettion of cOait D6 intd camilt, RO wamspimki ve
off both the dielectric and adhesive 20a of circuit 20 sufficient to

expose t E&l&%@bﬁﬁtlgr@n drehit 8 aAPIHR p@&ﬂlﬁ%"fthe(&él&ﬁh@m arfdkh%h@dnfb of-Ek}@ulf 20 ¢
exerted by contact 14 is strong enoug to peel off the top |ayer of

glh:{/ggt ,: hérlngafgg?gdpf 5! ]ix/cﬁ%nz I%Eijlgurgg 3a an%s4 n&} ncR&? E(ﬁl?ack I’fg &a?%g ltlr?agl% t helvte the’ ely

tapered, piercing insulation plane 22. An instance where insulation plane 22 would not be used
would be if the connection to be made were a gold/gold connection. In such a connection one
would not want to pierce and possibly damage the soft gold, and would use a blunt ended low
pressure, or zero-insertion force contact. In this type of application the flexible circuit’s
insulating overlay must be removed from the circuit before it is inserted into the connector.

In addition, base 18 aids in providing structural support, component orientation, and
initial alignment of circuit 20. Base 18 orients all components, cam 16 and cover 12 into their
proper location, and easily snaps to cover 12, requiring no tools or special skills. As shown in
Figure 1a, base 18 also includes a cam orientation indicator or on-off lock 28 that locks cam 16
open (rotatable) or closed (non-rotatable) as required. As discussed above, circuit alignment
window 30 of base 18, shown in Figure 1b, provides initial alignment of circuit 20 to circuit
receptacle notch 38 of cam 16. Base 18 is relatively easy to manufacture in quantity and its

exterior configuration can be easily modified to mate with other commercially available
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conductor. Because of the oval or raised shape of cam 16, contact 14 and
circuit 20 are conpressed into a gas tight connection. The insertion of
circuit 20 into cam 16, the wapping action of cam 16 on circuit 20 and
t he peel wwoisk3dihe di el ectric 20a and adhesive of circuit PEG"WMQ,%H ng

h
ot have tnedodagtslgedioiiiac v ity Pop SRl SR M Bl R s o 1R

i nsul ati on pl ane WO Id not be used be if the connectlon to be
made wer €PTReGHT B Péb(”é?t ctf P%COHPFP‘%@E&& BRAEEP PHROEOWS S 6XIEmabRinyant
to pierce and possibly damage the soft gold, and woul d use a bl unt ended

| ow preaswossiblor zero-insertion force contact. In this type of application
the flexible circuit's insulating overlay nust be renoved fromthe circuit
before it is IngditicAdohmdctrtioansydane oiher featuresaddtl énbancelatig®nen® and ds i n
providing structural support, conponent orientation, and initial alignment

of o1 0 Uidnn@ionBa8RiniinHisonldspldd GUROTEAL B A I 16 RO FAYSEart 26 1AL O

their proper location, and easily snaps to cov reqU|r|ng no tools or

or | ont at TORERHRESLE M@S%ﬁmgféfgﬁwéga N R A L

or cl osed non ro atable) as re red. As discu sed above, circuit

al i gnnmentoMtaf SEVEnt ey seay e ¢ PFOS Bet ‘?—*’l‘@’ﬁf’g gBmeBter\Hr%é Spaging dhe

al i gnment of CIFCUIt 20 to circuit receptacle notch 3 8 of cam 16. Base 18
i s rel at $paes betwaenyalispmenirilfsadtnieciselyrmepokasithe thickneps jof the cortae(s)dd thus
configuration can be easily nodified to mate with other commercially

avai | abl emolitig\dby Qllgimaab foldraidedh0 Qiakihg Gie linoamrehmentposable dvRildpde, thpered
interlock with other connectors 10 of the invention to forma nodul ar

connect ofeohtriGdh drifignBBR WS orBBy@ 36 QAREMA 18wtk @€ KsnbiAMion SvithWRe Rﬁatmgf e rows
of external pins are possible. In addition connector 10 may have of her

f eat ur eslo‘éﬂhg Roﬁﬁg 3fam ;’i‘!?] kS QHE Q}rcxﬂ{‘ﬂh sty &c}c}x%glsﬁ f“Lt‘aﬁ’é?i”ﬁ%m At?l%le??ts

di sposed on ni n cam I’mg

contact 14, and. also function to. straighten, arate and, align |nd|V|duaI
cont act ow 1g figure 3g, designed to receive the ah%nment pms 6, an 1n so oing, accurately align

the conductors of circuit 20 to the molded-in deflectable contact 14 as cam 16 is rotated.
Alignment holes 48 would need to be created in circuit 20 by a user or manufacturer.

Also included on cam 16 may be conductor alignment grooves, notches or troughs 46
which start approximately 0.050" inside the circuit receptacle notch 38 and taper from the surface
to a depth equal to or greater than the laminating trough found between each conductor of a
flexible circuit 20. The alignment grooves/notches 46 reach their maximum depth at the point
the circuit 20 exits cam 16 in an embodiment in which circuit 20 passes through cam 16. The
alignment notches 46 continue around the outer surface of the cam 16 for a distance not greater
than 1/8 of the cam’s overall circumference. The depth of the alignment notches 46 decreases
from the circuit exit point until it blends with the cam’s outer surface. The side walls of each
alignment notch 46 are angled in such a manner as to center each conductor 20. The alignment
notches 46 are built into activation cam 16, as shown in Figures 3b, 3¢ and 3e. The alignment

notches 46 are designed to take advantage of the laminating troughs between each conductor of
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contact 14 in the event they may have becone bent or out of alignnent or
proper spacing. The space between alignment ribs 34 precisely matches the
t hi ckness of the contact(s) 14 thus renoving any alignmeppi-thdoshidiese and
meki ng f WROYI attachnent possible. Ml ded-in, tapered regﬁitrat?on or

al i gnmentcirphin30. OThPlamirktidbtroNgh a8 drfaté®dilcidgthe ca&ﬁmmg ipEdteyd thit fbAss &iRuARONG,
| ocking motion of cam 16 to grab circuit 20, through accurately installed

al'i gnment, hol ESed8e is B SMSéd%gdrﬁLgagh %xﬂuctgp SEe Con%lg i @€ QYR edd & @khid g@mnt

pins 36, and 1 n so doin accurately align uctors of circuit

the nol ded-jn defle tabl ac as_ca n116 I S,LOt at ed. nt hol es
48 woul d TRk SesEaes Buf iR Eloided B T Mo olsd 2b 4R iemeoBT 4F OF Al'oo

i ncl uded on cam 16 rmay be conductor alignment g{ooves not ches or troughs
46  whi cFIT&eiR2q; ta,gmdsiher@pé\usror@ nﬁs@'wneaéh@@eph hs aligpment spetemof thednyrstien 38
and taper fromthe surface to a depth equal to or greater than the

| ami nat i nga tadoudgnt $ystenttoasure @ropeaalignowntiofctonducsérs of cif¢uatdOxind contactsild. 20,
The al i gnment grooves/ notches 46 reach their nmaxi mum depth at the point

t he ci r cuidiitidf tepok Rlirgedm alifitional Aligranidh® iat et aligimv inotthes 46 Wisb p2deMasan

t hrough cam 16. The alignnment notches 46 continue around the outer surface

of the C%@c&ﬁl&ﬂg &gﬁgé Bﬁ&g&tg %ém&f BRlePVibrdtRan Ti-l{@ uff of RevaRA c%m?éle'Baahh

ci rcunf erence th o It gnment not ches 46 decr eases omthe

circuit |nt un end & ca Se AUt er rface.

vl bs of s %ﬁ%@ﬂ LR SRR G S
each conduct or e alignnent notches 46 are U|It i nto actlvatlon cam
16, as sw@mc‘mﬁerﬁ %ﬁﬂbé%mw tathegragsighed cppacty) LR REFAM(ShH dddts alignyeng ribs
designed to take advantage of the |am nating troughs between each conductor
of -14 W340tkepb236dn HAS3 4800 Alie68t grooves(iotchze 46 Jigaificantly meduicesthe stadghs (ar e
created during the am nating process that forns circuit 20 as the

d|eIectru@nmswﬁmgpm¢a§@ﬂb@&@wnﬂugach conductor. The troughs in the
dielectric of circuit 20 work in conjunction with cam 16's nol ded-in

registration Fﬁtﬁ‘ﬁg%ﬁgﬁ;&ﬁﬁ; ak LWBAFiARL @Sprégreg)glve &Gichit HisErn%Q magf%e QHhided be

conductors into p gnnent. Theé alignient system of i nvention

angling the apex of cam 16 in a manner that allows an individual contact of compound dynamic
contact 14 to mate with an individual conductor of circuit 20, one contact at a time. This
technique significantly reduces circuit insertion force, because one conductor at a time is mated,
as opposed to mating 40 or more at a time, even though 40 or more conductors may be mated
using connector 10. Additionally, as mehtioned above, strain is eliminated on the individual
contacts and conductors by wrapping circuit 20 around cam 16 during the connection sequence.
Wrapping circuit 20 around cam 16 creates a friction/compression lock on circuit 20 which
equalizes stress across the whole circuit 20, thereby protecting circuit 20 from stress and strain
within connector 10. Thus, rotating cam 16 structurally supports circuit 20 and forces each
contact 14, whether single or compound, to pierce the dielectric of circuit 20 (if applicable and
not forming a gold to gold connection) and make contact with each conductor of circuit 20. In
addition the shape of cam 16 may be varied to accommodate circuits 20 of various thickness, yet

will still fit in a cover 12 and base 18 of one, uniform size. In summary, cam(s) 16 can
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is a redundant systemto ensure proper alignnment of conductors of circuit
20 and contacts 14. In addition to providing an additional alignnment

feature, Iﬁ nent not ches 46 al so prevent circuit d'SCOQQhﬁ%h@MT%Qa”age

or di send¥y 1 under vibration. Thus, use of activation ca

def | ect ablerfaghagt tselr g4 :6A0ed FoBleloliadis . dODHEEE" line
(conduct gr‘?ron90 016 I nch ' pi tcﬁ&éenteps eX|(ﬁl E%Q ol"he‘ﬁﬁgﬂ;[ Lduﬁ?

assi gned _cont act s

ogl o r afPReRHEr mSiE oy rf)r%éfﬁ?ltng}sf\?é*gyhﬁhfl ﬁ%ggnﬁ%cgf?@%f fﬁmfeg pe
reduces the stack up_(or conpoundin assenbly tol erances.

connect i sm(saéor%d%ﬂwblfcpwtéosnga@eg& &15?%6 EPREGHY ap%@p@lpf@ﬁhwwa@al
attained by angling the apex of cam 16 in a manner that allows an

i ndi vi du#iteresompegtionof conpound dynamic contact 14 to mate with an

i ndi vi dual conductor of circuit 20, one contact at a tinme. This techni que
si gni fi cant | yMastusiactiverdndhits 20nare férned wWithraCisttobesbise lagercofaidieted @ith at  a
time is mated, as opposed to nating 40 or nore at a tinme, even though 40

or nore 9&1{&9&6&&5@@%& BiBlebBE 88 the W ohtSTOMBeEARICtok OandAHEN 4 N e ¥f adiRsive
ment i oned above, strain is elimnated on the individual contacts an

conduct ors VL AR C 0] t he. o nectlon
cequence 4 porR B BRieblicr A bred sl 0 R It A B oPRdBRBR FoREPEL, on
| ock on CIFCUIt 20 whi ch qgual i zes stres ross the IFCUIt 20,

t her eby BROEUHAGH Y et cmener HisripRh s of dis Cfgfﬂsa?lﬁrce%ﬁ?& ST SMABR t or ' 10.
Thus, rotating cam 16 structurally supports circuit 20 and forces each

cont act inyentwiwet her single or conpound, to pierce the dielectric of circuit
20 (if applicable and not formng a gold to gold connection) and nake
contact w th @Fachtieanshdcittach e sphfi€ critact@), il Gne enthdidirheént aé Bescibwip® oo, acam 16
may be varied to accommpdate circuits 20 of various thickness, yet wll

still fitohihPeatPVehay Be A RAREed §n AotRPEmbUMERY PedohfectdrbottATTRY th
cam(s) 16 cam -15 WO 01/52361 PCT/US00/ 10668 accurately align |tsel to a

row of deflecta cont.act s e i en di.vi dua
conduct or oo eflalhn 8 St medRednR dipSTy e E R St RE e M e sty
contacts. Rotating the

a cover and base. Contact activation module 100 aligns spring contact 102 with a circuit 104

using built-in contact deflection activation ridge 106 (similar in function to alignment ribs 34 on
cam 16), a circuit alignment notch 108, and tapered alignment pins 110 to properly align circuit
104. A spring contact 102 is shown with a tapered insulation plane 102a. Spring contact 102 is
deflected as circuit 104 passes over activation ridge 106, and then pierces and peels back the top
layer of dielectric 104a and adhesive of circuit 104, as circuit 104 passes through contact module
100.

Contact(s) 102, as with contact 14, may be a single or compound spring contact with a
tapered insulation plane 102a. Contact(s) 14 and 102 are the elements that actually form the
connection - whether by piercing and peeling back the flexible circuit’s dielectric or simply
making contact with the conductors of the flexible circuit. Contact(s) 102 may also have at least
one optional force concentrator 112 that interacts with deflection ridge 106 to ensure good

contact between contact(s) 102 and the conductors of circuit 104.
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can(s) forces the flexible circuit to engage the defl ectable contact(s) and

conplete the electrical inter-connection. Mst conductive circuits 20 are
formed with a bottomor base |ayer of dielectric with adhesivgoiskeattach
the di el XQP¥323¢lo the conductor, the conductor, and then a top Payer of

adhesi ve andcgnihQRndddielooqt c&hgﬁs‘%ﬁﬁﬂ ﬁtof;an n‘?a%ls %&%Pfl‘&%ﬁl

required to be prOV|ded by connect or 0 cont ecause on y one

activat 23051'5%@{ (5. ige® iomnﬁafegﬁﬁnisf?gﬁn qg@%ﬁ%&"ﬂeﬁw&ﬁ@ el ot

above, rotating caml however, in another enbodi nent, the
connect omoeéﬁ@%&qm%sl%b’-‘* §?_f¥ ttdaaseetﬁlaelflpeslolﬁé§2 bEhese SRNOAIONASHAIHALTD, as
shown in Figures 5a-5e, instead of a camwith a cover and base. Contact
acti vat i pertiopdif which @ompti@a segigtratiog pne il dovhidioughly hlign giquigdiod, dligatiansi ng
built-in contact deflection activation ridge 106 (simlar in function to

al i gnnmengeflettsh Bdkedi6, ftdeasiléne ci@uitialignmdnt abtch N0% ahd fAetiblb IddRthe aame 12@per ed
alignment pins 110 to properly align circuit 104. A spring contact 102 is

shown W hhn@130P06p &flo tHaSH Akl SR 1RLRRERIIEZ82 1%11&3!39&&)98&%6&10]10@ 4143 secure

deflected as circuit 104 passes over activation ri ge 1 en pierces
and peel s k the to ver. aof d|e trlc 104 $lve o it
104, "ae. SorPfyprdpofen LAV Bnaft EFRlomesriat e Wlaft %Itna&n}ascf mpgse" o
with contact 14, nmay be a single or conpound spring contact with a tapered
|nsulat|HH)pIane 102a. Contact(s) 14 and 102 are the elenments that actually
formthe connection - whether by piercing and peeling back the flexible
circuit's di eTheassémblysequemslfor cangdet mypduled08 etasviplidws: Hdexsdedomiitoh04 inf t he
flexible circuit. Contact(s) 102 may al so have at | east one optional force
concent r alughly hilghetihategisttatiopins 118 bhadiwhticcioraen I icdgd ali@fedtin ceasidlignaend
contact between contact(s) 102 and the conductors of circuit 104. -16 WD
01/ 5236%&5&4&4}’3@9/ WQf&ion portion 116 is then aligned and inserted into contact support portion

114 using alignment module slot(s) 124. Tapered registration pins 110 of support portion 114

further align circuit 104 as activation portion 116 is inserted into support portion 114. The

insertion of activation portion 116 forces, in this particular example, the insulation plane 102a of

contact(s) 102 to pierce the dielectric of circuit 104 and peel off the dielectric 104a, thereby

exposing the conductor. Contact(s) 102 is then forced into compression as deflection ridge 106

aligns to force concentrators 112 which forces contact(s) 102 to compress against the exposed

conductors of circuit 104, creating a gas-tight, surface finish to surface finish connection.

Activation portion 116 and contact support portion 114 are secured together using arms 120 of

activation module 116 and latching holes 122 of support portion 114.

In all embodiments, strain is reduced because the force required in the present invention
is required only to pierce one layer of the dielectric and peel it back, not to pierce the conductor
itself, nor peel off all of the dielectric.

The multi-task connection function performed in essentially one fluid step has many

technical (as discussed above) and cost advantages. Conventional ‘high density’ (contacts on
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Contact nodule 100 is conprised in part of a contact support portion 114
whi ch houses contact(s) 102, optional for fine alignment of circuit 104,
tapered alignnent pins 110, at |east one nodule alignnen and at
| east onWOWERI%g hole 122. There is also a contact acti ng?&%"”’%‘%ﬁi on 116
whi ch coppy | it §bhOMchis] Sonht it thOHAI G th Boeling Ul
activati g}rgéﬂ %gfelrsgg%: tg%i[{ ri dgeclgg,o at &P{as\ggat‘lﬁ%r{egm r(%} ?ﬂt&??@%ﬁéﬁ%ﬂe&eg%%ﬁmio&
and flexible |locking,arns 120. r 120 sn i nfo the at. | east on
2t chi g REETEDSS Ak ADSERoT o AR HSCRERHTOPRIAES 1 SR e Pt ppor
portion 114 and contact activation portion 116 together to form contact
nodul e  Thbeattaphmenispresass Yecomes e diffisplt @p thercuitns dansity {mgnbes of sordyriogyer
Flexible circuit 104 is roughly aligned to registration pins 118 of
act i vat i omncyi) irtcreanes] I/pwalprablems exdrdasing thecostt of highglensityt connet ot ashmad 8.
Activation portion 116 is then aligned and inserted into contact support
por tion inkhdiekdlded bAddiag) FBfactBEieLBtratdit (abgnnledd), condpeoe delh@laéd &id M pi ns
110 of support portion 114 further align circuit 104 as activation portion
116 i's i gsartiad AR ticBB4tbd ArbEHAApreliBEsly BRG el BRoUMmAS, in'alle On
portion ?@gérbgggégfhgilﬁ}étﬂ‘ﬁ@{sé 1|oar Etlécu ar e};(rgr#p Sey tﬁtg&{len?g? atr?gcj}#’ pq ane 102a
of contact(s) 102 t ierce.the.diglegtric of .circui.t 104 and_.pee|l off the
i el ect r PEOkEuBEreiau gt U sitestrt O E AEGHG erf i tkingt ufed 8BS le Chen
forced into conpression as deflection ridge 106 aligns to force
concent r tréacs fintsh ofpietahtr Belak gaciight seqnesyomusmerthe tagaysd dasslatign plaae and e
exposed conductors of circuit 104, creating a gas-tight, surface finish to
surf ace bptwmhfocaengoactitmnrs ofhe icomadtt 1por § 02 nHoweveattic sond springsopeotion
portion 114 are secured together using arnms 120 of activation nodule 116
and | at c HeBhni] By Bldsedfwithliiiorttlen@a doneidt 14.6r 1020 tfdrmaiehalé, Tendxamprtdotd N
is reduced because the force required in the present invention is required
only to pi e layer of the dielectric and peel it back, not to pierce
t he condﬁiggg’“gﬁggP , nor peel off all of the dielectric. The nulti-task
connection fupgtion perforn [ ssentially one fluid.st has. ma
Cechni cal " (as ¢ aubBtroRidinse ds Ganeh danst Faab: el ite ABABR SRRz
density' (contacts on ) i . .

mating compound dynamic contact. Thus the connector provides an essentially fluid process for

terminating a conductive circuit, and can terminate up to 80 lines per inch. The process is
essentially a two step process, when using an embodiment with a cam. First, free floating
activation cam 16 is precisely located to spring contact(s) 14 in the housing comprising cover 12
and base 18, using tapered alignment ribs 34 on cam 16. Next, tapered registration pins 36 of
cam 16 work in combination with tapered conductor alignment notches 46 built into cam 16 and
with the rotation of cam 16 to grab circuit 20 and accurately align the conductors of circuit 20 to
the spring contact 14 of cover 12. Tapered alignment notches 46 of cam 16 also lock circuit 20
in place to provide stability to circuit 20 and the connection being made.

In the alternative, the connection sequence for the embodiment using an contact module
with activation and support portions was discussed above, and it can be seen that, with either
embodiment, the compliant, flexible, deflectable spring contact(s) compensate for variations in

the thickness of the flexible circuit and provide a predictable and reliable contact force. The
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-17 WD 01/52361 PCTI USOO 10668 pitch centers | ess than 0.040 inches)
connectors require the renoval of the covering dielectric and a soldering

or welding operation to attach the connector contacts to ? i gg's
conductd“%%?gzmThe attachnent process becomes nore diffich fﬂgg&ﬁﬁe

ci reui t'gs e Richini N BiRSIneR of fRANhA5SinRGE lory e dikbilit)C BRES S5t ol
problené ﬁ%%reasing t he égsgoof hi gh deﬁSitfn%%nnecfofngttachﬁgﬁgtxﬂﬁc ude;
sol der bridging,. contact msregistrati.o | i > conduct or

col an ndfe 38 paAo S Behes e B i 8l Rue e BT boer RNELG matgy e
previ ousl, ntioned, probl ens by, in qQne. proce pi erci ng through_the

fi o ect Mt AAexROTQUSTRRg 6P PEOEE CHRgY Rﬁaﬁ’ﬁrsa%gﬁﬁ“f%ﬁ‘é %qam & apex ok thef ace
finish or metal to netal, gas tight connection using the tapered insulation
pl ane awam, andtthe plignnfeot dkes, ooy be angled ipragnasmer thet dlomws acingts)conmcoef the spring
However, the sanme spring connection nechanismmay be used with a bl unt
ended caooitagtto ihtowith @2inglerircoit tordiakioc af the flegibleciramip|ode gohrdctidroatGtingle.
connections. The invention coordinates the alignnment of a high density,

fine I'i Agis dnk®¥iohk Bofet ot digdifcafitly FRALERGoR@BIAENEHLISARNE M @N B Aftarly TRWS t he
connector provides an essentially fluid process for termnating a

conduct i Lreyi n 1 i [ e precess
o eas difecibh fHkd o BP dpiAta) LB b ol AT RESHeIIE o IR
First, free floating activation cam 16 is precisely located to spring
cont act C8§ CAUEERP™ he housi ng conprising cover 12 and base 18, using
tapered alignnment ribs 34 on cam 16. Next, tapered registration pins 36 of
cam 16 wor k iThe contbét(Randeam(s) may &p enrdeddusdly ciged tracapmgaaaa spasdicetastricab
built into cam 16 and wth the rotation of cam 16 to grab circuit 20 and
accur at @kadsadridghe threctondidg bofsmed t«adcominiod2(@ e thanens pprineoatadi actmds of
cover 12. Tapered alignnent notches 46 of cam 16 also lock circuit 20 in
place t ghRArRAYIcAR. SthaRbhdebdor hBudld B krimdQoatidi bRy Rk bafkchBleNg foRde. | n
the alternative, the connection sequence for t'he enbodi nent using an

cont act (?g’?ig%é con\ﬁmﬁét{)]rﬁgfetpler\\}lmaa}rﬁghgrg }ht% @g?,iéeldggs%rotr aBSlEcta{i&pssm%oggibﬁg ggpﬁl%gtio%l‘s)ove’

and it see

include; the use of a PTH (plated through hole) flexible circuit to change signal direction within
the connector or build in test points, active and passive compronents may be attached to the
circuit, or the flexible circuit may be built with an integral network of fuses designed to protect
the modules it joins.

In all embodiments, the invention provides a housing for optional tapered or blunt spring
contacts, and deflects the spring contact(s), if tapered, to activate its stored energy to pierce and
peel back the dielectric of a flexible circuit to make and maintain a reliable electrical
interconnection between the spring contact and the conductors of the flexible circuit. The
invention provides one fluid process with no scraping or other preparation of the flexible circuit
required before introduction of the flexible circuit to the spring contact(s).

The foregoing provides non-limiting description of the invention, for purposes of
illustration, and it is not intended to be exhaustive or to limit the invention to the precise forms

disclosed. Many variations and modifications of the embodiments described herein will be
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enbodi nment, the conpliant, flexible, deflectable spring contact(s)
conpensate for variations in the thickness of the flexible circuit and
provi de a predictable and reliable contact force. The -18 WD 01/ 52361

PCT/ USOOMI®EBR361si npl e, mechani cal conponents of the i nverRGIA¥SGA88e | ong
tern1re|i%bjlity. Each spri .contact = may be positioned to penetrate nore
t han one °HSH} 1 P8P |°é%£7 s{&ﬂ iy thgart 1n Yk kg 2have distlosusat Ehe ghopp ofithel exi bl e
circuit having two or nore conductive |ayers. Wen using a cam the apex of
t he caminvgadon iidetndaddytberappended claimy ahdthaimghesalems.a manner that allows a
single contact of the spring contact to mate with a single circuit
conductor of the flexible circuit, one connection at a tinme. This one by
one connection significantly reduces contact insertion force required.
Simlarly the deflection ridge of the activation portion of the contact
nodul e may be angled to provide one by one connection. The contact(s) and
canm(s) may be individually sized to accommbdate specific electrical needs,
and the connector may be formed to accommodate nore than one spring contact
and nore than one cam The connector housing the spring contact(s) may be
made connectable to form blocks of connectors, depending on the desired
task or application. Such possible applications include; the use of a PTH
(plated through hole) flexible circuit to change signal direction within
the connector or build in test points, active and passive conponents may be
attached to the circuit, or the flexible circuit may be built wth an
integral network of fuses designed to protect the nodules it joins. In al
enbodi ments, the invention provides a housing for optional tapered or bl unt
spring contacts, and deflects the spring contact(s), if tapered, to
activate its stored energy to pierce and peel back the dielectric of a
flexible circuit to nmake and nmaintain a reliable electrical interconnection
bet ween the spring contact and the conductors of the flexible circuit. The
i nvention provides one fluid process with no scraping or other preparation
of the flexible circuit
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required before introduction of the flexible circuit to the spring
contact(s). The foregoing provides non-limting description of the

invention, for purposes of illustration, and it is not i be
exhaustiW@Qiﬁz%g linmit the invention to the precise for rrs%ks'ﬂ%gﬁé@g%. Many
vari atiops.and nodifications of the enbodi nents described herein wll be
-19 WO 61 PCT/ US00/ 10668 obvious to one of ordinary skill in the art

in light_of the abpve disclosure. The scope of the invention is defined by
t he appeﬂgﬁmeagp Sand their equivalents. -20 WO 01/52361 PCT/ US00/ 10668
Claims What is clained is: 1. An electrical connector conprising: at |east
one def | &ct abAa elssticalcconpestorec@mpAsiagpor ti on of sai d connector; means forned
in said connector for aligning at |east one conductive circuit with said
contact; at | stdsdst omededlettablatomact femred in a psaiod of eaideotrectorp acti vate sai d
at | east one contact to engage conductors of at |east one conductive

circuit, to fReMFomeldiAbli® cEAREMhF fdralighRNNaEdst Ot cdh@hdvRRRirkitlivith daial
conductors of said at | east one conductive circuit and individual contact
of sai dc&{taclt_east one defl ectable contact. 2. An electrical connector
according to claiml1 wherein said at | east one deflectable contact is a

conpound spring contact. conprising at least two.circujt contacts | am nated
Loget her . 5. Pleast 884 1 ¥aionISAHE 1 B0 SRBRGHRR AGOH L1 #1550k SoPHcLh o a

| east one conpound sprin contact conprises nultiple |ayers of contacts

whi ch ar engsgaeulurtors/efrat fegst ang cordustlys sitshitalte {orme reigloegtesl sonnsatiet

defl ection and applied pressure requirenents of any chosen application.
between individual conductors of said at least one conductive circuit and individual contact of

said at least one deflectable contact.

2. An electrical connector according to claim 1 wherein said at least one deflectable contact

is a compound spring contact comprising at least two circuit contacts laminated together.

3. An electrical connector according to claim 2 wherein said at least one compound spring
contact comprises multiple layers of contacts which are stackable vertically or horizontally to

accommodate contact deflection and applied pressure requirements of any chosen application.

4. An electrical connector according to claim 1 wherein said at least one contact is tapered
to a pointed insulation plane which pierces and peels the upper layer of dielectric insulation and
adhesive of said at least one conductive circuit and scrapes off a thin layer of conductive material
from said at least one conductive circuit such that the conductive portion of said at least one
deflectable contact interfaces to form a gas tight partial seal with the now exposed conductors of

said at least on conductive circuit.
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4. An electrical connector according to claiml1 wherein said at |east one
contact is tapered to a pointed insulation plane which pierces and peels

t he upper layer of dielectric insulation and adhesive of said at | east one
conduct i wo aise3sai t and scrapes off a thin layer of conduc®PGFASHRES g

from sai t |east one conductjve circuit such that the conductive portion
of said t%@%tn%h@nﬂ&‘é?ﬁ ePuiistocamovhsrein said dielestricds feysahlatofasm e ght
partial seal with the now exposed conductors of said at |east on

conduct i permanent g¢al whep theaplaasy ge3ieqably UBOD 10BER 162 tempesitert thatcalises
connector according to claim4 wherein said dielectric is reusable to form
a per massdtickemic tuhdlow el sehl the aaitacane colefuktet ddelie itaicact i s heated to a
tenperature that causes said dielectric to reflow and seal the contact to
conductive circuit interface. 6. An electrical connector according to claim
1 wherein said at | east one contact further conprises a plurality of force
concentrators . |.nterf bet ween, sai.d .at

| east ong' con ag{e anglnéogﬁé (Jc?%rfgc?(z@g{getg%}em%gﬁyﬁ ﬁc%lféaéégtﬁ?%sgf)?e %%W%Cﬁb‘“hef
connection. 7. An electrical connector according to claim1l wherein said at
oast onEOBRHESRPUEBREP] (oS oRCNTaRaL (o 3FoRutts AR LES Mighe Hotriane betipma at
thereon, thereby creating at |east two deflection ranges of flexibility of
said at leagsone sprtaciand 3@3 at lgpss oa¢ gongutiivessircyib pprg ¢asnegtisnge i s det er nmi ned
by the mnimmthickness of said at | east one contact and wherein a second
defl ection range is established by said plurality of conpression notches
being closed. 8. An electrical connector according to claim1l wherein said

connect oy CONRhieRBFicAl JERhELS acCUR tWRAIR 1 WHRAiflsad atl IERF Bné)&‘ﬁaﬁp E'(Srﬁ‘ﬁ{se% 2.
formed in said nolded cover. 9. An electrical connector according to claim

1 wherei i r.i . | east qne nt.act
R S M R N A L
;? ' Imeggt g)gﬁheé(e 1lb?lg% rﬁh%@c{ ptagapsg Sﬁ%%ﬁ%&lqctae%v ereélrr]l aS rlstdde?lgctlo%argrgge?sn Setgr(l)nr}}lg(‘ict;[y t%g d said

minimum thickness of said at least one contact and wherein a second deflection range is

established by said plurality of compression notches being closed.

8. An electrical connector according to claim 1 wherein said connector comprises a molded

cover wherein said at least one contact is formed in said molded cover.

9. An electrical connector according to claim 1 wherein said at least one contact comprises
at least one contact compression extender to add force to said at least one contact to aid in
forming an electrical connection between said at least one contact and said at least one

conductive circuit.

10.  An electrical connector according to claim 8 wherein said activation means comprises at
least one activation cam, received in said cover, and rotatably disposed within said cover, and a

base which attaches to said cover to enclose said cam.
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10. An electrical connector according to claim8 wherein said activation
means conprises at |east one activation cam received in said cover, and
rotat ably diigosed within said cover, and a base which a&%?ﬁﬂﬁ@uﬁ g said
cover toWEHI¥3 said cam -22 WO 01/52361 PCT/ US00/ 10668 I1. An electrica
connect ofj ; acC AL diRgdaPedtnédiS HoARFRG kB 90 LYRAPAARE A3 SontRRE oRB R bk Kigs! de
of said activation cam spaced about 180 degregs apart. 12. "An electrical
connector.according to clai 0 rein said base conprises at |east one
can1orieﬁ§%.f%%“?% |%%%3P§?gh %%ﬁﬁggﬁgagﬁp €ast one activation caminto
rotatable and non-rotatable positions. 13. An electrical connector
according to claim 10 wherein said base conprises neans for attaching said
base to said cover to enclose said at | east one activation cam 14. An

el ectri cal. coAmetactricaheoeaphagcergingtaickim 30 wrerem spidbise compases ohlgrit9ee a
circuit alignment w ndow disposed in a wall of said base wherein said
circuit aimonsmationminddesr &d loginsaid stdeadt afie dcBastionanaa iadteibile sndaioneistdtaii® a
plurality of tapered registration pins disposed on said at |east one
activati gpféfy) wherein said registration pins work in conmbination wth
rotation of sald at |east one activation camto grab said at |east one
conductive circuit to accurately align conductors of said at | east one
conductive circuit to said at | east one defl ectable contact. 15. An

el ectrical connector according to. claim 14 %@grein, id tapered

regi strat?on ﬁnﬁéecmca? Ot 9f S 16,50 L0 MSTA i B3 GRIPRTFER MEBRLORat | on
with a plurality of conductor alignnment ?rooves formed into said at |east
one act i etaching sewrhasetossaidgoventioknelpsd seidsat lesgleonemstivasiongemei rcuit  on said
at | east one activation camand prevent circuit discontinuity under
vibration. 16. An electrical connector according to claim 15 wherein said
at | east one activation cam conprises a circuit receptacle slot into which

sai d conqucti W§ dfdctidl LorfBli6r stciilnglto SRl 18 wHeRASlaiPPRe cEAPRNLS hickEiFT T CUi t
enters said connector.
alignment window disposed in a wall of said base wherein said circuit alignment window aligns
said at least one conductive circuit to a plurality of tapered registration pins disposed on said at
least one activation cam, wherein said registration pins work in combination with rotation of said

at least one activation cam to grab said at least one conductive circuit to accurately align

conductors of said at least one conductive circuit to said at least one deflectable contact.

15.  An electrical connector according to claim 14 wherein said tapered registration pins of
said at least one activation cam work in combination with a plurality of conductor alignment
grooves formed into said at least one activation cam to align said at least one conductive circuit

on said at least one activation cam and prevent circuit discontinuity under vibration.

16. An electrical connector according to claim 15 wherein said at least one activation cam
comprises a circuit receptacle slot into which said conductive circuit enters after said at least one

conductive circuit enters said connector.
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-23 WD 01/52361 PCTIUSOO 10668 |IT An electrical connector according to
claim15 wherein said plurality of conductor alignnment grooves start about
0.050 inches inside said circuit receptacle slot and taper fromthe

surface wo®s2sblat | east one camto a depth of about 0.018CTHSAU6Gher ei n

t he depth7dec eases until blendgd with the outer surface of said at |east
one cam !’and gififal cqpaecior gecrding toflamy | 3 Whereksaigibalex of oadissor or  about
one eighth of the circunference of said at | east one cam and wherein in
sai d depalignaienirasosves startalypat (HoiGinchel ensislesaid¢irchit regentadx slosarsistapkr deom thet i |

it blends wth the outer surface of said cam 18. An electrical connector
accor di nwrface of saidnat 1ddstdiercginrto aafepthaif abea <t 0 loriachas tvhein the de@idesi0dmE | SEs a
plurality of alignnent ribs to align said at |east one activation camto
sai d at |R@slendANGitHIEE oG AHERe 00 Hid Gt leastBRE Sind ah@%vhéféﬁflﬁi@ﬁfﬁ&ﬁ feach said
alignment rib corresponds to the thickness of each said at |[east one

defl ectakl e t . . ectric eg reing to claim10
wner o n- SgipEREE5les gt BEELK By SRR Rhr AR LR G o Bt
accommodat,e various. sizes and thicknesses of said at | east one _conductive
ci rcui t ,angayherqip i ik B deCEss TR = RA BSE SA9GTCHh R SR cRBAItILIS AIFBES or
according to claim 10 wherein said camconprises a cam activation socket
whi ch r egith theguterisudacep sadd camy ot at e said cam 21. An el ectrical connector
according to claim20 wherein said cam activation socket is customforned
to match a customforned tool to provide a security feature wherein only
said customfornmed tool fits said customforned activation socket. -24 WO

01/ 52361 PCTI MSEORY#04 8 Bnreltor AcdRlilOth Qhint ANMB&EILAGIdAL 1&&@%& aORGti6h gﬁﬁr i cal

contact to at |east one conductive circuit conprising the steps o

comprises a plurality of alignment ribs to align said at least one activation cam to said at least
one deflectable contact, wherein the space between each said alignment rib corresponds to the

thickness of each said at least one deflectable contact.

19.  An electrical connector according to claim 10 wherein said shape of said at least one
activation cam is variable to accommodate various sizes and thicknesses of said at least one

conductive circuit, yet fits one size of cover and base.

20.  An electrical connector according to claim 10 wherein said cam comprises a cam

activation socket which receives a tool used to rotate said cam.

21.  An electrical connector according to claim 20 wherein said cam activation socket is

custom formed to match a custom formed tool to provide a security feature wherein only said

custom formed tool fits said custom formed activation socket.
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inserting at |east one conductive circuit into a circuit alignnment w ndow
in an electrical connector having a plurality of tapered registration

pins, tapered alignnment ribs and conductor alignnent gro J into at
| east on®Q¥IZ¢t i on cam housed rotatably between a coverq:anz %Hh%ég%e;

ust ng sai)g t aReLEHoh BOL Gk Aldg R %fgk%e [ giciladoqtagp{?)ddﬁéagtr otﬁl JoAERDE gL goves
to align said at Peast one @bn uctirve circurt wthin a cirrcul receﬁ%acle
slot in said.at éga t ope activation cam rotating said at |east one

acti vat i GRMBHNEECAEPAR  acti vati on tool inserted into a cam activation
socket in said at |east one activation cam thereby pulling said at |east
one conduct i vE&Seiting gt least png candugtivg @ecpitintap crewhaigngient wiadewnn py elpgrical

wr apped around said at |east one activation cam and brought into contact
with at Icemrsttonhevingle plueditybf mpeaedtepstraha ping teperajpaigenhentpdisnné dominntoact
tip formng an insulation; using said plurality of tapered alignnment ribs

to al i gn afginen@brdovashuilp o aclesy dhé SRivERdh dint Kousédidlatably be@®kn 8@6ver and a
defl ectabl e contact; using said insulation plane of eac% sai d defl ectable

contact go.pierce and peel back the dielectric insulation of said at |east
one conductrive circuit to expose conductors of said at |east one

conductive circuit; and ther.eby. creati surface finish to surface .
finish, gas-t PRE S EReTed TFRStCtion ape s W QOBRUCTRI HignmeR GrooYeR G i Said at

el ectrical connector between said tapered insulation plane of said at |east
one def lleast efigicondysitive girebinyilin agHeuisceptedhioidnsrid ableas g agiivatiemeamone
conductive circuit. 23. The nethod of claim 22 wherein said partial seal is
made per manentotbyngsat atriegpss anedacavatidneastusoigandefivagion &l énsened mtt a tam a
tenperature that causes said dielectric to flow and thereby seal -25 WO

01/ 52361 EhtibIPsEdkeOiaGBidtad Rabtiine atdaBioR eimaaeres@i d at | east one defl ectable
contact and said conductors of said at | east one conductive circuit.

pulling said at least one conductive circuit into said electrical connector wherein it is
wrapped around said at least one activation cam and brought into contact with at least one
deflectable contact having a tapered, pointed contact tip forming an insulation;

using said plurality of tapered alignment ribs to align said at least one activation cam with
said at least one deflectable confact;

using said insulation plane of each said deflectable contact to pierce and peel back the
dielectric insulation of said at least one conductive circuit to expose conductors of said at least
one conductive circuit; and

thereby creating a surface finish to surface finish, gas-tight, partially sealed electrical
connection, in said electrical connector between said tapered insulation plane of said at least one

deflectable spring contact and said conductors of said at least one conductive circuit.

23.  The method of claim 22 wherein said partial seal is made permanent by heating said at

least one deflectable contact to a temperature that causes said dielectric to flow and thereby seal
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24. The nmethod according to claim 22 conprising formng an apex of said at
| east one activation camat an angle such that a tip of said tapered

i nsul ation plane of said at |east one deflectable contact pierces and
peel s bawo @zE2sk1di el ectric insulation of said at | east on@CTAENGLE68ve
circuit in.a er to expose, and mate individually with, one by one, the
conduct of® mtE‘g:‘??Fﬁ ebysg sudahleatt one deflecthle coptagtand;spid conduqiess of saidiat lsast owf ng
a single deflectable contact to nate wth an individual conductor of said
at | east cenductingriifgaiti ve circuit. 25. The method according to claim 22
conprising using the wapping action of said at |east one activation cam
to secure said at |east one conductive circuit wthin said electrica
connector to support said at |east one conductive circuit and elimnate

strain opysai @'h@ﬁi@ﬁblgtaéhro?dlﬁé t5@hith B conlp?Ri f@r’ﬁﬁng&{‘%‘ktdf\éﬁd%{ reswohe when in

contact with said tip of said tapered insulation plane of said | east
one spri t ctrlca
cont act FAVERSH 85k neft B A B9 of BNIGRLL L Blhion gl 3R fRb e

insertin east one cond ct|v ircu into an. electrical connector
havi ng agiﬁﬁﬁa he.wptaerplerf%wﬁ &aelp E@qis*@ﬁda{*? BRrGInpEAtiqR Rl Spid gt lateifent 1 bs
and conductor alignnent grooves fornmed into at |east one activation cam
housed reanduetiveycirgeit ineremannet tvexpossn dndmbtededividedliygvithaiode bpes, ¢tk conductors
regi stration pins, and said conductor alignnment grooves to align said at
| east oneommisthgcshidvae leabtranigiconduictitaé ciraaitcthus alidwing g sipgie defecsdbdd conact & haft

| east one activation cam rotating said at | east one activation cam

thereby o2 NQdRIELAGHRET LS 10665 RHlitdRg c@ixd at | east one

conductive circuit into said electrical connector wherein it is wapped
around said at |east one activation camand brought into contact with at
| east one deflectable contact to forma surface finish to surface finish,

gas-tigh eIe ric connection that is  partially seal ed,  and which
mi ni mi ze& ﬂma @Pd qam%aq?ewsmgﬁans helpeppipg ais Rl smapt frast

one activation cam to secure said at least one conductive circuit within said electrical connector
to support said at least one conductive circuit and eliminate strain on said conductors of said at

least one conductive circuit, when in contact with said tip of said tapered insulation plane of said

at least one spring contact.

26. A method of connecting at least one electrical contact to at least one conductive circuit
comprising the steps of’

inserting at least one conductive circuit into an electrical connector having a plurality of
tapered registration pins, tapered alignment ribs and conductor alignment grooves formed into at
least one activation cam housed rotatably between a cover and a base;

using said tapered registration pins, and said conductor alignment grooves to align said at
least one conductive circuit within a circuit receptacle slot in said at least one activation cam,;

rotating said at least one activation cam, thereby
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| i ne conductors of about 0.006 inch pitch centers.. 27. An electrical
connector according to claim1l wherein said connector conprises a
connection modul e conprising an activation portion conmpri $iRiseflocs§ast one
al i gnmenWHY(e#fland a plurality of registration pins for aligning entry of

at | east Onep AR Y& sCoiCebnbiuctRb ciraﬁghtoosgfq G AE LofllibPGheRR i sd9e
formed into an activation portion of sal nodul e at a ocation I nside said
activation portion,where at | east one defl.ectabl e contact . s said at
st ontrBe MoBfy YT RCIeRh obe Aa R CARAM TR Al e FOMRT T 1B @il “hne
defl ecta contact, and for@_gqt enabl e said at | east one defl ectable

| e Q . I [ [ :
cont act gﬁleﬁ*alalmcgaﬁaa to|tern  seriace digish & purksse Baishyeasrtighfieleciical goppegtiop that is

defl ectabl e contact and said at | east one conductive circuit; a support
portion patitlhiseiled) agdivchicht minmaiges stavkuplef 4seernblptaeramnes,ant is ablglowoahdct finof
tapered registration pins to aid in aligning said at | east one defl ectable
cont act m¥ckondndomtof kb@f 10 (WBEnchgieldedterse Ccircuit; and neans for attaching
said contact support portion to said activation portion, including an
alignment slot for aligning said activation portion and said support

portion as they are joined. 28. An electrical connector according to claim

1 wherei saig{lc nnect or _conprises onnection dul e conprising an
activati %7n po F%ﬁmé:glrfﬁp?esl %&cc‘gﬁlnﬁg%g@%ﬂ&ﬁlﬁ{eﬂ[bﬁgg?ﬂmﬁ%?rc‘%?% SEplurality
of registration pins for aligning entry of at | east one conductive
ci rcui t ; ConagCHan mAduieHmPTISE2R30Y2108 BBtieR CPERERNSNe cont act defl ection
ridge formed into an activation portion of said nodule at a |ocation
i nsi de sai d astl¢astoneorligpmenti notchvind agplurhlity of sagistratontpihs foc abgling ownytef@t neet s
said at | east one conductive circuit, to provide deflection of said at
| east -oneagieht esddablie deoftact, and force to enable a tapered insulation
pl ane of said deflectable contact to pierce and peel back a top | ayer of
at least one contact deflection ridge formed into an activation portion of said module at a
location inside said activation portion where at least one deflectable contact meets said at least
one conductive circuit, to provide deflection of said at least one deflectable contact, and force to
enable said at least one deflectable contact to form said electrical connection between said at
least one deflectable contact and said at least one conductive circuit;
a support portion containing said at least one deflectable contact, a plurality of tapered
registration pins to aid in aligning said at least one deflectable contact and said at least one
conductive circuit; and

means for attaching said contact support portion to said activation portion, including an

alignment slot for aligning said activation portion and said support portion as they are joined.

28.  An electrical connector according to claim 1 wherein said connector comprises a
connection module comprising an activation portion comprising;
at least one alignment notch and a plurality of registration pins for aligning entry of at

least one conductive circuit;
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i nsul ati on and adhesive fromsaid at | east one conductive circuit to create
said electrical connection between said at |east one defl ectabl e contact
and said at | east one conductive circuit; a support portion contalnlng sai d
at | east vwomel/52361 ect abl e contact a plurallty of tapered WYVEWAYRBoN pi ns
to aid in alignl g sai d at ast o g) ctabl e contact and said at | east
one conduct i ¢&'%BT8f F?maﬁr‘iia g?) ed HEP AR CYATRN RYJHPR of said madule at a
portion to said activation portlon including an alignnment slot for

al i gni ng leatien wside vaid agtivagen persian avher esiilegsisengpistlectge conart awetstsayd anieast
joined. 29. The electrical connector according to claim22 wherein said
means f oonatominkiivegcisaitdto paratide déflectiorpaftshidan leastcbns aieflect4bid @sitacs URAPsrce to
portion together conprises at |east one nodule |atching hole formed in

sai d supRfdble ipkie@insulafibR plahé 65safl\@flebhSX cBhBctab PrerdedndGlel
activation portFon Sua Rethod of cgnnectlngcatgﬁgasﬁ eqﬁé??hgi g?Of

el ectri C?I{suf?iﬁ&tt & a&h@%ﬁi{ ﬁ!)l?l%&lh a?@gst %8@ ﬂr'cﬁltclm\{e cx?c'u{t(%g !c}e%lte C?‘b‘ﬁ'ﬂ]st he

steps of: |nser Ing at least one con ive circult nt notch
in an activatj.on rtlon r id at st..one alignnent notch, a
plurali t§°‘b‘}e°'i‘%‘b¥’ Pt %%atg‘?agg %{fﬂgct ?F%IE%‘F&HE sgiq afgléast P%@‘?ﬂdyc%el%}'ﬁi“hg
said conductive circuit in said activation portion using said plurality of
registration piSARROTt DEtDCELAiBAE6aid POFAYUSONelireBSlerontagt, a phudlitnof taperepor t
portion conprising at | east one defl ectable contact, and a plurality of

t aper ed regststivapinsmo pid s aligningf saidtan éastadnie gleflsabte oty id 3681 ilédstibde | N Sai d
connector; attaching said activation portion and said support portion

t oget hercoﬁdm@ﬁ%)e,inggfmml ng said at | east one contact by passing said at
| east one circuit over said deflection ridge such that said at | east one

el ectrical copfagtal §tt%ﬁ1§%§1ﬁ o SBhaE Séh%ﬂ il 2 BivER ondf)Jc?rElon including an

alignment slot for aligning said activation portion and said support portion as they are joined.

29. The electrical connector according to claim 22 wherein said means for attaching said
activation portion and said contact support portion together comprises at least one module
latching hole formed in said support portion, into which snap flexible arms formed on said

activation portion.

30. A method of connecting at least one deflectable electrical contact to at least one
conductive circuit, comprising the steps of:

inserting at least one conductive circuit into an alignment notch in an activation portion
comprising said at least one alignment notch, a plurality of registration pins and a deflection
ridge;

roughly aligning said conductive circuit in said activation portion using said plurality of

registration pins;
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portion of said at | east one conductive circuit to forma gas-tight,
surface finish to surface finish, partially sealed connection. 31. The
met hod according to claim28 conprising form ng and using

i nsul at i WR 015E3¥he on said at | east one deflectable cont ac{)@trél%g?{e@gse and

peel off a topg i | - Lve f ' | east_,one
conductive ci E%{lg?g&?gé rsgwrgé%r%éﬁ ﬁ%ﬂﬁ?]sclfl?gs# g%:'satl O%g odrr?ggaé?og‘!ﬁ gm%%a’s%ﬁ%c? phértaﬁy

| east one.condyctive .circuit,. to connect tq said. at. | east one defl ectable
cont act . OBFPORY FRE BEOR BTG 0] ke HE SR RRERF 1P Sl PRt | s
tapered to a pointed insulation plane which is able to pierce and peel an
upper |ayer ofttadhmgdpid|asiyation portian andisyid sapReriariiTeen tagetdier, thesehy at | east one
conductive circuit and to scrape off a thin |layer of conductive nateri al
fromsaid at defeating sadatdeastond congace by passing wiié at least dnel e tudtcdvebbad defcaet 1 s
housed in an electrical connector and deflected by interaction of said

circuit wWikbsieaitkht GA0RERAN Nk BRERIBY oRabl i Preset Gntb 2BRKRHon Witk Bhdwpive! ane
to pierce and peel said dielectric to expose individual conductors of said

circuit 3y ' i1 ' : The
def | ect aBFIgfogg)%g %{i:? 9%#‘“ gﬁgpﬁﬁgs%ﬁcﬁg F\égjgrg §d§% Inggé\s %ﬁ%@%‘?%%’fa%ggnﬁggi ses
a plurality. ofa{ rce concentrators to accentuate pressure at the interface
bet ween Qé%‘&“%ie egﬁg?n%ﬂ%n'cont act and said at |east one conductive circuit
during connection in an electrical connector body. -29 WO 01/52361

PCTI USCQ' 10668 34. The defl ectable contact of claim32 wherein said at

| east one contact conprises a plurality of conpression notches forned

t her eon, 31 her @by methedtaccgdmg td elast 28 vomplesidgdotmiog andngesa adperefllimalabioh i ty of
said at | east one contact, wherein a first deflection range is determ ned

by the ®wlank 6H8Aid bi ekt 066 déifectBietoniact B PSdrccOR ROINIBE topARFLr WA BleRiicAnd ecoONd
deflection range is established by said plurality of conpression notches.

35. Th ' t f ' . ' ' . :
compr | s i ESH s (AR ot coFURE Ma lefi] R A R AR bRl

def | ect ab] ontact, . . . .
at l%as% one conductive circuit, to connect to said at least one deflectable contact.

32. A deflectable electrical contact wherein said contact is tapered to a pointed insulation
plane which is able to pierce and peel an upper layer of the dielectric insulation and adhesive of
said at least one conductive circuit and to scrape off a thin layer of conductive material from said
at least one conductive circuit when said deflectable contact is housed in an electrical connector
and deflected by interaction of said circuit with said connector thereby forcing said tapered
insulation plane to pierce and peel said dielectric to expose individual conductors of said circuit

for gas tight connection with said deflectable contact.
33.  The deflectable contact of claim 32 wherein said at least one contact comprises a plurality

of force concentrators to accentuate pressure at the interface between said at least one contact and

said at least one conductive circuit during connection in an electrical connector body.
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36. An electrical connector capable of progressive contact conprising a
cover and a base, wthin which is housed at |east one rotatable cam having
at | east one raised, angled portion, wherein at |east one flexible,

conduct iwe aisestit is insertable into said camsuch that WRGIAUSIKIQs68 cam i s

rot at ed, , sai | east. one ra tion lifts one conductor

said at 1 as?rléfn‘éeﬂe?tla@ﬁ cptactd ers’fgffﬁr”?\)’g‘e&el“? 2t 1past gne.gantact FRmprisedR ﬁg’é%li%n

one at a time, with at | east one deflectable contact housable within sai d

cover anef compgessigs aotcherformed thepon, hershly ereatingsai deastievocdsfiectonn rangss ofimt ed at
atime. 37. Alow pressure, zero-insertion force, electrical connector

sui t abl efléxibility off said at igadt dne comaec hereircofipst defleagorerahges idegrmined by theng at

| east one rotatable cam having at |east one raised portion, wherein at

| east ongidih@xitkitenesEONAICA 1848t Griel oriaks ardVPhdr&l Blsédond AeMeBibh fahgels Whi ch has
been renpved, is insertable into said cam such that when said cam S

rot at gad @hglﬁd%gt i gﬂ}’fﬁtg%@c&ﬂ’}e§51°ﬁﬁ]&e t | east one flexible, conductive

circuit nnection w | east one defl ectabl e contact
f or med |n sai d housing. -30

35.  The electrical contact of claim 32 wherein said deflectable contact comprises at least two

contacts laminated together to form a compound deflectable contact.

36.  An electrical connector capable of progressive contact comprising a cover and a base,
within which is housed at least one rotatable cam having at least one raised, angled portion,
wherein at least one flexible, conductive circuit is insertable into said cam such that when said
cam is rotated, said at least one raised, angled portion lifts one conductor of said at least one
flexible conductive circuit into electrical connection, one at a time, with at least one deflectable
contact housable within said cover and said base, such that one conductor and one contact are

mated at a time.

37.  Alow pressure, zero-insertion force, electrical connector suitable for gold to gold
connection comprising a housing containing at least one rotatable cam having at least one raised
portion, wherein at least one flexible, conductive circuit, the insulating overlay of which has been
removed, is insertable into said cam such that when said cam is rotated, said raised portion lifts
said at least one flexible, conductive circuit into electrical connection with at least one

deflectable contact formed in said housing.
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