L ,iuL NA WO 01, 52361 PCTNS00/ 10668 DYNAM C CONTACT ORI ENTI NG UNI VERSAL
CIRCU T GRABBER t Field of the Invention The invention relates deirdily to
multi-termnal or nmulti-contact electrical connectors to connect

el ectrical contacts of various shapes. The invention relates nore
specifically t@qgh@akyical connectors of the insulation pi ePCTHHIIHES
tight electrlcal connection type to quickly and inexpensively interconnect
a wde variety of contacts to conventional flexible circuit, tape cable or
encapsul ated round wire harness. Mst specifically the invention relates to
an electrical connector that termnates nore than tw ce the nunber of
contacts per inch tDYENAMKDGENTACEORIENHNGUNYERSALIARCRET CIARRERr and
el i m nates the expense of soldering, crinping or welding wusually
associiated with the attachnment of a connector contact to an interconnect
circuit. BackgFwrlduttofInvheidnnventi on Conventional el ectrical connectors are
desi gned to connect the circuit paths of a flexible circuit to a spring
contact system Usurteligvehtiv retuted generaif totongdri-fenmisallor enulti-cantsict elere@discotugetons to
prepared before connection. Preparation of a flexible circuit usually

i ncl udes | abor cdpRte BsitMEsl B&tdcws df v@Sous SHAGES. ADe SivEdtpP retgesafidre kireifietille keddcrrca,
cl eani ng the exposed conductor or wire and then soldering each individual

conductor of tfgnaish BﬁrhEQﬁSlﬁﬁ:ﬁ PRV PAstRhEAG i cEIURENEGHST tySd toWhicEly @fd t he
flexible circuirt. As pan of thé reason many connectors require I ntensive

preparation of mt:)ay%nsfnle?ﬁhtgllc eEtl I VGHL LariefRI Lokt SURMB RbAVR R nal FRABR G fitS tagcablet
provide a wiping action to clean the conductors of the flexible circuit.

Some connect or c&%lﬁgd ARhd 50 ¥irHs avIaSpldily tBeRbeniBERIARSo 8 8&irchical

connection is nac owng alr to contatt the conductors causi ng

oxi dation, and _co n t Lisam due
to the oxidati S%nnex:%orq Z Crgnnng g%gﬁinfwnde@% gﬁ%b%lbglcbrk%téjéﬁr H%gg%ﬁ’ﬂ@&ﬁ i

insulation displacing connector and eliminates the expense of soldering, crimping or welding

=
.ﬂ.o

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

Background of the Inventiop

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 sﬁstem to each conductor or wire of the flexible
circuit. As part of the reason many connectors reguire intensive preparation of the fiexible
circuit, many conventional connectors do not pxjovide a wiping action to clean the conductors of

s the flexible circuit. Some connectors also do not provide a gas tight seal when the electncal
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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PC 1 USCQO 10668 Many conventional nulti-term nal connectors conprise male
and fermal e housings that fasten together to secure coupling of termnals
nounted within the housings. Many connectors require a fair anggﬂﬁ ﬂﬂ
force to conpletely engage the many term nals bei ng connect ed. 2004
insertion force t e, onnectors aimat reducing or elimnati mgrdsecfoessce
typically needg"@‘%i% ke the connection. In reducing the force, sone
connect or systens udang aonventipnalewilte-tesminal copgectorsciempigmaley aad fenglmhaupegs that
features typically include one or nore cam surfaces on an operator handle
or lever that fistenogsihee do seourk heuphiog sf tagnieis nocvated fwithinebeclommegst dank abnpestons o
be mated. The other connector housing has one or nore protrudi ng cam

fol lowers to engage atflieaB@int sifofca e dinpidey tdrage thamatyhenlimiséring corvacted. eZars
noved in the desired direction, the camsurface(s) act on the cam

fol I ower(s), drawRg iietype BRRE:EE alttd Y@RchaedihRiatiaHe fordeQipighll$ B€dEEto make
engagenent of the contacts. OQther zero insertion force type connectors

conventional |y have,&:BRusi ﬂ&acﬁ?%fﬁf&& Bme Rbite@b dy¥edf usk @4rhin@ i&videR ofcam lock
generally parallel array. An acfuator, such as a pressure nenber, is used

to press the flgxi %%H%&k?&&k&gﬁ%ﬁﬁ‘i’ngh& & oPfBf i sGrchs QOATdpedfor hiRle or
| i ke agai nst contac portirons of"'the termnals. In order to keep the size
of the connectqrs relatively.s .angd t [ ' i o]
connect the teﬁ?ﬁeﬁgjlals'st“%?ugte%mnlﬁgrrhérﬁsmggﬁ%ncggF\hr?ecg'?'%?ttg} a&ge%%g?lﬁgdqégtsh%gglg{i

wi th actuators or pressure nmenbers whi r eI ol plh.ah j I

on the housi ngcof”bq%t QUIRE S B ISR rﬁér]r%[f}?g %atpng{ﬁ pos%t%gieoé?épgl}élg%?\ﬁsé%ac reetﬂ?ﬂg

B e

positions for & S € con ortions of the
termnals. One of the prohlens wth copnectors haying rota C tors,
cams or pressu rféu""r‘Féﬁ% & ?MP%{EF FRAFAR Evog?tﬁmﬁ&m%ﬁ‘é&gﬁ %’g%ﬁgﬁfg %er

back toward its open position when wundesired external forces are applied

to the flexi bl €°PHES cable. The flexible flat cable tends to raise and

rotate the pressure nenber, thereby releasing the fl eaﬁipl e fhl at cablgﬂfrom
t he connect or -2 2 \mE?BﬂP 519% cg%tggeconnecto s conventiopally have a housing mounting a

plurality of terminals in 2 generally parallel array. An actuator, such as a pressure member, is

used to press the flexible flat cable, flexible printed circuit board or the hike 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 OF 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,



PCTI USO0/ 30668 and possi bly damaging the terminals in the process of the
flexible flat cable being pulled out of or disconnected fromthe connector.
Thus there is a need for an inexpensive, easily assenbl ed connettdt 1hat
elimnates the expensive, time consum ng preparation steps common to use
of nobst connectors, and that elimnates strain on the el ect picgaisooriosss
connecti on or MR#MEMent di sconnection, by securely locking the flexible
flat cable, fl g dos@blpaiddedig tbd tefnlhdls @R locess@iitid fitibleflatnbise bomyyaded @it of he
like in place w'thin the connect, while producing a gas tight seal.

Summary The bgsjicoaRdedindenhe &dnoédd@. i Nvention is a connector that
accurately aligns each contact to its assigned conductor. | ndividual

contacts of at |east, Qe £98haG o0k ifdx éﬁ@é%aﬂ?@ss&&fl&%&%ﬁo@%ﬁmnﬁpmIﬂlﬁeaCt
gr aduql | y engage the conductive circui P (fl'at tlexible cable, flexible
printed circulf board, .t {e?axjai %Eeﬁ?%ﬁﬁ&r)toﬂ&%f%@d%nﬁéiofré, Ghpir force
to pierce, via aPPapéreE’i I nsu on plane on each contact, through the
circuit's dielectric but n i,ts.indivi - tor : are
defl ected, in SUPIPH&Y S“d’é‘fqngé'i ?l%cnmragér%’ﬁlé%cg%@ "t agvegﬁléﬁtc%c?mgc%g’ﬁ%&g%%]ito%ﬁgguch
a way as to skive off (r e, . peel off) .all. the insulat] i Ls..and
a majority of ﬁﬁélc?aﬂglﬁé@ WEEDO%’“b!)"‘PFémfF&gc%tfbo?rﬁer Ogrgn%ﬁeéﬁegéhﬂé?[r%l}% lﬁ{\?\} Iﬁ%%&t
totally piercing the conductor. I.n._one enbodi ment, rmay be a rotatable cam
or cylinder inPEhiRRheeenaget Wie pradpcingagasehtaeal o i 60" of the circuit is
retained in the cam_ The circuit may enter partially or pass all the way

t hrough tthe cam As the camor cylinder rotates through its rotation cycle,
the conductive circuit 'is wapped around it, and the camor cylinder

i ncl udes rai se@ufnmarires designed to |ift at |east one conductor of a
flexible circuit into an electrical connection with def | ect abl e cont ac
and to then [ift tHbe bpsiclembedimpm of thainyeatiop macfogwé‘@b@ﬁ‘oﬁﬂ%?tﬂéé 5 P SRR
The contact(s), as it is deflected into the second defl ection range, ves
the contact's itm#sissighesieopiustns. fndividual comtagts off 2t {eath ALCHPRFRY ]e?f(‘)g?‘tﬁ%B'ﬁ" d
significantly increases the contact force on the circuit's cofpd%f,t or. ,-3 2
JUL 2004 WO 01 dysR86 donect Maisly enRags'the conductive circut (flat fiexable cable, flexable printed

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) 2l 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 2n 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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Thi s sequence of nechanical events brings the optional force concentrators
on the contact(s) into a high pressure connection wth the conductive
circuit's conductors. The contact is designed to apply suffici @ntligflssure
bet ween each contact and its mating conductor to pierce through any

remai ni ng adhesive and make a netal to netal, or surface finish to surface
finish gas-ti ghP%¥FE& ri cal connection. In another enbodi nentcTrsvensssmay

be a contact nodul e TaGBhRLRIJAR . ne ¢ ound dynam ¢ contact, but
with a contact activati (E)Gn porti Sﬂ{mlnlr;lagt%ze%tcf%mogs tgen%é‘m‘aqlﬂ?{c%ﬁ"ﬁwmmdhmnt :

a si npl e cont acdonkkdid) Mo ARol tion plan ierces and peels back the top
| ayer of di el ectri ?Yf) f om Iz:iﬁg% P ’E% Icgm%:%ﬁ?i’u‘??feq @%"‘E‘F"F%’ﬁ? firagiicrrondwatora Tha kbdtad

seal is formed js el Meen ontact and the individual conductors of the
flexible conductive cir éﬁlﬂfgl mé‘? %rﬁ‘ﬂ"@q’ﬁﬂ”e%ﬁé&ﬁo%ﬁm pritsrnating corsluttor ppiydede

an i nterconnect mto.quickly and inexpensively interconnect a w de
vari ety of shap}g@xg}#% i ?&@%Fﬁxﬁﬁ?ﬂ/@%ﬁeiam teoetdluot suvfece fishatihirGcSaeR as

flexible circui L apge caagl e, or encapsul ated round wi re harness. Another
aspect of the iSRVEHIEEERANFALcqubectipn, ingaother embpdimemcterintaibe a ch@ad apBgst OF ' S
body wherein the connector is adaptable to an application specific contact
shape exiting t‘RE*EBAACEHINE comeppnd Bviamicrynieyina eith anByabecGREbORG odS:dd
sinmple pin for insertion into a printed circuit board or a conplex spring
desi gned to nmatt? @ He st embaskmrat poimple dnfaurtiabieg abigfi@ftion Pfant Hierckd g ﬁéeilson
is to provide g onnector that elimnates the expense of renoving the

i nsul ation and P &Yero€ diclsrtdut oo rdledble tor@udtive xirdb@ugt the ﬁanﬁgf'%aj is formed
soldering, crinping or welding that is usually associated with the
attachment of Bet¥stfach watagiond the individuaiconduetoes SRARYWRSb]CdohGikkibe cirgﬁﬁ anot her
aspect is to provide a sealing nechani smwherein the displaced dielectric
and adhesive of t hExtefmelarcaspsceofiiventiod is Wﬁoﬁwfiﬁ&%@&e&%hﬂﬂo %J}&] sige was
of the connector housing providing a partial contact to conductOr seal. The

seal can be ea®FfRposiratianteresnrRn @ ntideyaribg af ihBgks ofamthckits %vantﬁggqgfx%%vet 0 a
tenperature that causes the dielectric to flow and thereby seal e

contact to con@ifitowch astflexiblaciecuit; dpcablebrlenAB Rt Qo MBS REL USOD 1 066S

Another aspect of the inventiop is to provide an interface within the connector’s body
Wwherein the congector 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,
cnmping or welding that is usually associated with the attachment of a connector contact 1o 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.



A still further aspect is to provide a connector that only pierces through
the upper layer of a conductive circuit's dielectric, |eavi n?nt kfgﬁ se
| am nate | ayer intact. By elimnating the need to renove or p é‘ﬂ t he
base | ayer of dielectric, the conductive circuit's dinensional stability

i s naintained m]}s _ {ing or damaging the c_ondu_cti ve circuit P'F:?mg%%&gd.
Al so any risk of” "changing the conductive circuit's electrical or
dielectric paramet érsillifisthavspaied to frovide b beine@siiRs oni®piekdee thir 68 ke vpPer 18yef F
provi de a connector that can be nmounted to the end of a flexible

conductive Ci radonductiid dh@uit’s fielectic, 1@NRY R GaleNfnisi€h@e ididce BY eMRshdig the need
termnating area, that can be nounted w thout the use of tooling, and that

can be easily 16@vedr fedePatd Mt b layeOTARELGE, W oRdiF0d HRbi 13 ngBXa?Mt? .
and wi.t hout having to observe the Connection site. Still another aspect”is

to provide a GommGEIed ardd@king & Jaﬁ‘la?ﬁng ‘d:%@fno?@é\)é At 3 %ﬁg.nﬁhs\é%mggﬁko@ke in

guantity. Still another aspect Is To provide a connector that "configures

the fl.exible ci [ P SERRer - i [j the.ci,rcuit and in

so doi ng prot g:l(l:lt S hhecléggﬁatcgct 'to{ %(E)IE%??%{&el{hegpﬁa%\éﬁ% IIE %foére ace. Still

anot her aspect is i |l ow nressure contact systemthat may be used
b AR 047 oo Yl 3 o R i SRR R b ool o i S

in those applications re

cireui o noulkt IR GaBRATE ISt oyttt Pecher P B ot Hpbgiae 8 or
exerl § 11 od by A8 W OB REGH B e P Qiareies THiEp F PG HESHA RSP ¢ he
beacri pt i on OF EHESTVShFIRE Moy HREePan wdaibes Jrouoa cEroeahs EoProRRRiend

vi ew of the connecé enbodi ment using a cam Figure | b is an exploded
front view of the @Lﬁ?@ggbﬁsp‘?ﬂ Is {9 BgYIde p copnectorshap is yelptivelyrasy nd inexsepsiseto
PCT/ U500110668  Fjgure 2a is a top view of a conpound dynam ¢ contact,

showi ng, in tR&EBBAIE  two

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.

Stll 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 Ia is an exploded cross sectiopal 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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i ndi vi dual contacts, spaced apart by dielectric, and | am nated together.
Figure 2b is a side plan view of a contact with conpression notches and
force concentrators showing the first deflection range. FigurgJ8L2$ a
side plan view of a contact with conpression notches and force
concentrators, show N the second defl ection range as the con‘gr essi on
not ches col | apsg’po"ﬁ‘l’ghre 3a is a cross sectional view of thePGEXPP455HN
cam and at |east OGO i86kop W B AconfiiobfittyhardiP $6518 IhorihdW BisID,y
front view of the activation cam shovmorllﬁgaot he Yéar?ousf cgp%ﬁhg?%ﬁsﬁ ?1%%’0
systens used. Rh8uES S6ntdSs. SpARafkMins W, - vation .cam where a
flexible circuit would exist’gl% he amb?}ﬁl%e&thﬁlg’mg??%ﬁ?a?ed i3 ettahef‘o pass through

the cam Figure 3d i end Vi f activatjon cam Figure is a

sectional view takeﬁ%ﬁg}nbglggfl\ééﬁwﬁﬁw%gfi c?—’ftagcu}”gh §?an5ts'ﬁ8E]?t%lé"SF? 6l e

circuit installed, EgtgursgoShiglisffﬁstsd?ﬁ%i.onal vi ew taken along line "A-A" of
|

Figure 3d with B 116X b8 P PR Figure 3g is a top view of a
flexible circuit us%bl e w.th the invention, and having precisely |ocated
hol es pl aced t hr ough'8Pfe?dt & FIEE PR Wew oha romtachiyith sRRresaips petehes and forsei t

conductors, . to guide the circuit into the connector. Figure 4 is a cross
sectional vi ew GPCPIEOECIOYHE tBSeE2n deflgctipn s2ppeng sherompressinuatotaies whapsi. ng
how t he contact(s) pierces and peels back the dielectric insulation from
the conductive fl exFiBPE 3ads # eTQps Seetpnpiaieay of thii activation eam, and atthestme portdee with a
contact(s) and the conductors of the conductive flexible circuit. This
figure al so shd¥swsasepd.i onal second contact. -6 2 Jul 2004 WO 01/52361
PCTI t 1S00110668 Figure 5a is a cut away side view of the activation nodul e
embodi nent of the i Rigwuist3bdna front view of the activation cam showing the various circuit alignment

systems used. _

Figure 3¢ 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 circnit
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 it 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 coptact(s) and the conductors of the conductive

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



with a flexible circuit contact inserted. Figure 5b is an end view of the
activation portion of the enbodi nent that does not use a cam Figure 5Cc is
a side view of the activation portion of the embodi nent that HJd¥b2iipt use a
cam Figure 5d is an end view of the contact support portion of the

enbodi ment t hagod@emenot use a cam Figure 5e is a side vi RETGSOVHES
contact support portion_of the enmbqdi.nent, . that does -

Det ai | ed Descri pti t89%6% Sac‘ﬁécﬁraéﬁaylﬁ%ﬂe‘ﬁ B P AHEPHOR "ﬁgﬁg%w&r@&ﬁg%ﬁ?ﬁn YReo™
drawi ngs, like reference nunerals refer to |like elements throughout. Most
basi cal |y the VitveReptinciryrseredisestedyring contact which may have a tapered
insulation plane that can pierce and peel back the top layer qf di electric
of a flexible circdiiguradiiseperd dengakihe $ERaien PEEPY &%Be‘f f]’gﬁmt%a JarrgLuse
finish seal. One enbodi nent of the invention is connector 10 which has
three basic paetrs, as shown in Figure | a, a nolded cover 12 which may
have at | east one nolded-in, press fit, heat swaged, or otherw se attached
def | ect abl e spri ng Rigué scis akidle wieveki themytivesonspostionglf e capediment Bigt dpes BRI d
dynam c contact, at |east one free-floating, activation cam 16 rotatably

di sposed wit hi gapt. he nol ded cover 12, and a nol ded base 18. The nvol ded
cover 12 and base 18 forma housing in which activation cam 16 is
rotatably nounted, mgge 5NR adlend €as bf thaconttef suppdraguirgonsyf therebedmeridhat dops opis
connectable to at | east one conductive circuit 20 such as a flexible
printed circuifsehqagmd, flat flexible cable or round wire interconnect. A
key to the invention is the deflectable contact 14. Contact 14 is
geonetrical |y shapegg,randisaielarincEkietottesisgped panidn pixbé emtxdizebni that does not

rel ationship to a flexible conductive circuit 20 to, -7z J UL 2004 W

01/ 52361 pCTi USQQ AR668

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 Jeast one molded-in, press fit, heat swaged, or
otberwise 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 moided cover 12 and base 18 form a bousiang in
which activation cam 16 is rotatably mounted, and the at least one deflectable spring contact 14

: is connectable 1o 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 10 2 flexible conductive circuit 20 to,
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when force is applied, be stiff enough to press into contact with exposed
conductors of the at |east one conductive circuit. If a tapered insulation
plane 22 is used, contact 14 should be stiff enough to pierce x ffjough the
top layer of an insulating dielectric 20a, but conpliant enough to be

defl ected al Ongg&ﬁ?/ gopductive layer in such a manner as to CagpBsioRRRCt
14 to travel ov {R&* surface of the conductive circuit and scrape off the

top layer of insdbkmfordegs £hpEddebd stifencii}d t&pdss iRoQBRACt v eRpddblcon@fictdrhI6S the at
conductive layer's surface to nake a reliable electric connection that is

at | east partialdayt oe@edrRbcrivd BecuR] BTaGhpeeedandiafsd fitiend il EShtasti 4 hGlSHE drvr
defl ects spring contact 14 to generate the control force necessary to nmake

and maintain a el Biefle BEbIINGR 10p E&&Fo@%‘ﬂﬁﬁézdggBi&sleﬂ‘ﬁ%‘é@a@'ﬂutc&ﬁﬁaﬂﬁ "‘4%@%‘,%9

the conductive material of conductive circuit shown 1 n Frgure

base 18 al so maxeﬂeagé augg%@aewdﬁwvg i Lriagnggﬁnvﬁ.ﬁ%wc %gkgﬂpéthkod&a&f&ggm

initial alignnent o co ctive circurt cam en circul

t t Or. | i - f. nbl | t
be. snapped t ogertiipe ofBF e IRAEELR bt BB B Pl BB R DG B Hog g "
Figure | a, and r.ef ore .el.i.m nat es ensiyve, ti sum.n | trasoni.c
or Sheat  fusi ng 9008 008k R KRR EPsTRRTT GG At o TSR HEH el
el ectri cal conne(itors. .ln e}%si Eon t.he connector 10 can theregﬁore.be easi |y
di sassenbl ed and FEFHHE FsF- E §RIECIPR pRYSCRRIOR Brogess SuRdsy deflsissping contact Jay

contain one, or two or nore, single or conpound dypnam ¢ contacts 14 and
activation cansml@”%@‘erﬂéecﬁ??'r“@%mf%“f‘%‘ﬁﬂ M@gl"% yai’l‘lf‘rréhabl?cﬁlfﬂﬁ’(?fji"vgc°nﬂ““°n
circuits 20. Cam(s) 16 nmay be formed in varying round and oval shapes in
order to acco gaoopideiddapd the condretive metesp! of peqdurtivs cirqu; 20k i shevan io Figpre by
varieties of cam16 fit in aone size cover 12 and base 18. For exanple, cam
16 may be oval , P¥F I$dlye ey wevdsg cirgyit alignmeny windgpy 30 toproMide Equgh initfabalisppens of o -
lift at | east one conductor of a flexible, conductive circuit into

el ectrical conFRAGEIA CFFUItF0 R &Rm 48 WAEH @rceibPl erters camiertels!® he cam conti nues

torotate, lift the contact froma first to a second deflection range. As

shown, for exanpl e, Thecrpngeioeds designed forigaseyfassombly.nds cancs saenped 1opstherofer exnample

at |least one spring contact 14. As shown in Fi gur e 2a, spring contact 14

may be nul ti pl evsingioss merhroises il a8 showngn Piguie 290ud terefore gpamates expensive, time
consuming uitrasonic 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 vanieties 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 fiexible, 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

-8-



PC fJ USOO 10668 | am nated together to forma conpound contact. A conpound
contact 14 may also be forned of [|ayers of contacts that may be stacked
vertically or horizontally and shaped to accommpdate contact cgejllutemf on
and applied pressure requirenments of any particular chosen application.
Cover 12 adds \§§kMmekd4ral support to the connector 10 and naiPOTAISONR0668
orientation of the spring contact(s) 14 being connected during the
assenbl y pr ocedsmingeshtogether pd forh 2 compgymdeerttact.c Sefinpencd comart dhohay alsoledormed of
energy (contact nmass and defl ection range) are design dependent features
and may be eadayess o dpuistsabt gy be sarked datially peenadntadiygod shepaito sccoBpedital
requi rements may include, but are not |limted to, nodifying contact pitch
center or powercobeddefl@tiBiing appiicd prRs@rdraglijemelta6f ang partiaddrabosemapplication. Cover
accommpdat i ng special dielectric requirements such as thicker or thinner
diel ectrics. The a@aéysheifabhippitt @fth@nbaedr (18 hddmaihtaial bikintgios BEht sprigh Bontact(s)
t hi ckness, and structural nmake up, in conbination with the nmechani cal

advantages of tjag.kzeRRRELES dulklg 18 At e) piRess ALbANE pRANARGRS!, dafifPatRE and
easily adaptable for use with various conductive circuits 20. Wet her

012, TP o538 a3l 0 bt
o ot ed cont aath gher e R G Bhulhelye! SRS AR BAORREHLE, byt are
2" mochani oal | o eCUbg 8 BieE QAL R cHRt: P0G RENDERER 0GR} Bkl T o0t S
are separated % ac%?,iog ﬁcc]élig%]tg]dgiinge L;Egi%{«%‘%écﬁg‘cfrgﬁ%reg%n&gg&h Emhﬁzker.opgﬁ\ﬁﬁng the

contacts on O. er s or more in I dual
tacts t th ith t L. | di el trig.th h

Comnm . boge Upbelieh TR FPUEL PSR AL ok fudkbal BFancLs

e tof I oduARE A Rk i ok Per e Yeap B Spratet 1, o S ow

significantly inproved whjle usin ontacts. .that are 50% or . e thinner
thgn t hose rgqlﬁ0 Bmfgoé%h‘?‘?\?'s’afjﬂ’gab “ﬁﬁé’§5§|vflg°‘la§??{’§“f"ﬁ§ff$}1“ggg| cont act s.
Conmponents | ayers o conpound contact may .be stacked ejther verticall

or horizontally to o cpmpoung, fontact I3 isa At ﬂ?ségélégﬁléh?vésdhﬁorré??@ﬁfosm?) a

rticular [ iion.. The |nventjon n rm.n -9 2 4
particular app to%]%geh? packed cgnducto%. oomm'.vgt:;r\}lnJ %he%%sireé (s;"tored eg'érgy mgcontgcltJlIg,oaocompound

contact is formed from a composite laminated contact design, as shown in Figure 2a. Compound
dynamic contact 14ris 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 electnical

’ 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 Jayers of
a compound contact may be stacked either vertically or horizentally to accommodate the

dynamics and pressure requirements of a particular application. The invention thus can terminate

9.



WO 01/52361 PMUSOQ 10668 to tightly packed conductors. The use of a
structurally enhanced dielectric increases a conpound contact's strength
through the I am nating process. Figure 2a illustrates a conpouangKm[n' C
contact 14 capable of terminating to conductors on 0.006 inch pitc
centers. The material, thickness and width of contact(s) 14 i; fﬁéo%ﬁ&?éj
based on the pa"?’?i“yﬁﬁ3§1'r application's required contact deflection range

and i nt er connecio dghti¢ BackbdPitndédiérs) THASERY 2 BRiend Ay Thinddd ARt m{ci'e'a&s .c{ilﬁ)ot_gﬁde

may be etched or stanped froma spring material. Contact 14, or me

manner of the | ByfRbt OfmedlBk6s A0A-ARRL) S8cd0C MREERSAINLCONLARL B S35KE €

on demand. Contact 14 p a W pIng contact,”a S connec

conductor. The f ' ility of ,contac 4 co nsates for
variations in tg%ticﬁfiiaﬁ@%g% coaﬁla%}c/ IRV Re i 8?1{3'9&56 '2@3 pq‘ggf??é‘“%onnect ed with
connector 10. In conposite. coantact 14, .the dielectric |lanjnating the

i ndi vi dual cont act s%&d’éa&eﬁ‘&? ﬂ}ﬂ%%ﬂ’é‘%%@h‘ﬁ?%‘ﬂ“&ﬁéﬁ ?ﬂelmﬁgl’ﬁﬁé %‘F&'&Pa‘ﬂﬁﬂf”
stabilizes indivi gual , contacts, t HS insuring that the individual contacts
mai ntain their % &aé'anféﬁqaif‘faﬁoﬁ?gﬁﬂpf]} ST g° ARERIASPRNEE O (ufTtasHE i giay Phe
single or corrpo%md defl ectabl e contact 14 may have, at the end that
connects to an [OBPELITIM 8 SHTDg ksl FRY P¢ etcked 08 siampaidromsa spawe matenalp Sopedd 4,
insul ation plane 22, as shown in Figures | a, 2b, 2c, 3a, and 4. During
connection, t heforBedinthegnanasnof the|ipveption; ferer andeapplies iy neesssanmeniatt resswnomge
the pointed insulation plane 22 which then pierces and peels off the top

di el ectric and %mpedGontact FMappYides avgpige eantart 26 itisagnaectzd to 2 tradedtsr. Ghp defiectign
the circuit's conductor, while leaving the base or bottom | ayer of

di el ectric i nt atApability gbcontant 14compenseten for warationsis the shickoess df equidaativaigreuits 20
connectors and contacts which penetrate and weaken the circuit's base

di el ectric, thebdingrontectsd withgoindeter ). Inoobpesite agmtkcpi4 testieldchtiamipating thens
the structural integrity of a circuit's base dielectric | am nate by

el ectrical ly t endivided icomgadttogediker prnvides qufeddesohtigonadertd od. stabilige,individoal
optionally, at the connection end of contact 14 may be a plurality of force
concentrators 2e¢bntdoa] thaciceinbg) eiacthe indivginileoatbctt ineintainttiodif spaced Peditiorship, sjdrabyg
contact 14 and circuit conductor 20 as required to penetrate any remai ning
adhesi ve not pembéddnidshodquitymenssul ati on pl ane 10

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 la,
2b, 2¢, 3a, and 4. During connection, the rotating cam 16 hifts 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, volike 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 integnty of a circuit’s base dielectric laminate by
electncally 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 circuoit

conductor 20 as required to penetrate any remaining adhesive not peeled back by insulation plane

-10-



2 JUL 2004 WD 01152361 PCT/ US00/ 10668 22 and al so to scrape off about
0.0001" to 0.001" of the conductive material of conductor 20 to clean off
any netal oxides, such as tin or copper oxide, that may have fffrﬁfﬁ n the
conductive nmaterial, to create a netal to netal, gas tight elec{rig
connection bet yee ing contact 14 and conductive circuit red
to conventionaﬁﬁﬂﬂgﬁﬁgensity contacts and connectors, conpouﬁéggﬁﬁﬁﬂgg
contacts 14 ha%ariaizoos sarpe@it®dli @D Do DADOYES tife cnlcBvd AiEHA0bF cohtiuetar bRY
flex during connection, as best shown in Figures 2b and 2c. The force each

contact 14 appiit®fiagy imbetap@6ERSsuct RUY BogpefodRf 1h8GhiyHIvd RASKR DN T coRffictive
control l ed by optional contact conpression notches 26, also shown in

Fi gures 2b andmg@rialfth 96 al et ROWEtaR g LQREAG k4 cwebﬁd%em.&?ggﬁg%%{ 248" s

or conpression notches. The first deflection range A provid orce strong
enough to piergRddnde apggboof f the dielectric of conductive circuit 20, but
not to pierce the netal (for exanple, copper) conductors. The force

lied in the fi I Lon: ' ] t he m ni .
i ckrss of the conrhae SErtERoRARAF a0P HELE ) ifecths halil iR 26

are used, as t ion_notches close,, t activate the stored
energy of the %ﬁﬁal‘i&gg@%\%ﬁg% v ‘%9“&&%“’8?“ Pbaenﬁg oué&gﬁﬁj? they ﬁ?c dpring
contact's bodymjsaﬁmjceba ]}hicKYas t.he é?inﬂgﬁi gor ion oi t he conpressi on
notch, then ci BErHgt A2 Aot CA™ W TF S 8% fral &1 ') G BB FRM I L FBATSA 1t Passes
applied force.,Th ical. force require 0 piLerce and peel  the

diel ectric of fth{cP’gh @%ﬁ&%&%ﬂrr%mﬂ%aa?nfrf”?@}b Dg’éo“?@"ﬁtra%{r?ﬂgmfsl"é notches 26, also
Applicant's inyenti can.generate and mai ntain approxi pately 150 grams of
contact force %68“’" 5‘%"15?/5 b%“fjg%a]%‘%ﬁtla VSRR A Coh ] gﬂﬂ’ PREETE CARGSEFRFE y

seal ed contact 14 taq con&gctﬁéﬁfo interface occurs. as the peeled off,

“di spl aced di el BEPFFROBOtEH alRefirs} deflgction rereeYoProgiAey e seong ehangt 1o wce a8t | ng
conductors. The &ial sea] .is_farmed of adhesive and dielectric (for
exanpl e, pol ye%ﬁﬁ@%; he dipfeinic phgonfustiyegieuiy 29, hutyet to mercs tiemeghiiriexsmple sapaere of
the dielectric and adhesive of conductive circuit 20, in part by the
memory i nduced=oPRicErE- hEredprse awplisddo B first deflepon range A fetormringd py thg minarm
| am nating process, and in part by the '"desire' of the dielectric and

. y the .
adhesi ve of cofigkress /fahecgoptags, ¢s shotm indiguetehe Upsompressigpeniehes 2hare wisdras thet was

peel ed, where contact 14 is now present. The seal -11
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
potch, 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 geperate and maintain approximately 150 grams of contact force to
achieve a gas tight conpection. 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 1s caused in part by the compliant pature of the dielectric and adhesive of conductive
ciremt 20, in part by the memory induced into the dielectric of flexable 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 jt was peeled, where contact 14 is now present. The seal
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2 JUL 2004 WO 01/52361 PCTI USO0/ 10668 can easily be made pernmanent by
heati ng each individual contact of contact(s) 14 to a terrpera?;rtgcinmtat
causes the dielectric to re-flow (nelt) and thereby seal the c ‘l o]
circuit interface. Thus, the dielectric, instead of being scraped off and

di scarded, can.gsggphi,ally be reused in situ to ref ormarour}q:jt y
made el ectri cal conneclti on. As descri bed above maybe at | east oﬁtgk’%%’ ound

dynani ¢ cont actcan gasfpbeimadel patroanen \be heatid@ eachiREREl camsa%%&m%&%mq@g dynami c
contact 42 may be nolded in to base 18 such that a conpound dynam c

contact is positempmacreolnt enishke Gkl r@ﬂfﬂv%ﬁe]t)@?@iﬁkreﬂﬁﬁaﬂﬁgé&?% BRALG 23S
shown in Figure 4, to increase the density of contacts that my e

connect ed wi t hiimterd@BnEhisOihe YRlectriSNANMAd oPbdTi Fott & ti gnal forc
concentration extender 40 which may beormllc?gg{aﬁ%t% gg%fag%td’ﬂ%sﬁwa@?gﬁ&
or cover 12 or rba&®inkBu tclreRa\idigd &8 divil ‘ l.gn, force to aid
contact 14 in piercing and peeling tﬂe glﬂg eeé c?%co C'P%uit 20. As shown

18, When di sposed | m ooued bR sho a8 bl onteladRiabBl R 4 FH G G
conpound dynam during connection, aligns the individual
conduct or s’ of égngggﬁ e\ij‘ gts%ﬂl%ﬁ% Wo%yé%a&f &3% g# WHEFa’PoIE%ﬂP i bage 4 such that a
contact(s) 14. rical connection. Cam 16

is rotated to.nmake the el ec
is rotatable b)‘;&lﬂﬂﬂs}ﬂe@fi 1 ng caénon%‘& 7 P/"é?f"\"ﬂ‘ﬁjecl“oet'}ﬁe’@ﬂ&to}%aﬁbb%?bquh!@ degrees apart, as
activation soc 32-. S .in Fiqures la and 3d_ As a security feature,
cam acti vat i onglgooc %Pgﬁ%{}‘? p‘g\'}‘éreaie ggtséf’ffﬁi’ Q‘g‘ﬁ’m"‘%‘ﬁ%ﬂg{“a}f‘&ftﬁ'ﬁqcﬁé wathis garnsatoy Hy

tool for operatjQn sych that onl user with the appropriately shaped

t ool coul d act:sv% emltll.cf%’recgﬁlm PW‘%?&”@%BB‘G‘F"F\%?R“ Frengar 40 vhich may bp molded fatsr m
the electrical cé:?,nng tion, conductive circuit 20 is inserted into
connect or 10 aRd5b 'g?ﬁ T Yrrarer B¢ oebase I8 1o Papvidpraddiienahpomneesign forge thade 18.
Circuit 20 then asS$es into cam 16 via circuit receptacle slot or notch 38
as shown in Fi fﬁi’?‘?‘% 1o prercipgyang peeling, thedielectsig of ¢icqyit3P. i | | ustrati on, notch 38
extends through cam 16. However, notch 38 need only be able to capture and
hold circuit 20 in?r‘d‘g‘“@am%!re%a@sva@f@mdiﬁpﬁghcwdtwwmappﬁdmwdmnd thase 18
not necessary at a slot extend all the way through cam 16. There may be
sinply a sl ot en disposed in 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. Cam16 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 Ja and 3d. As a security feature, cam activation socket may have a customized
shape, requining 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 {n base 18.
Circuit 20 then passes into cam 16 via circuit receptacle slot or notch 38 as shown in Figures la
and 3d. In this particular illustration, notch 38 extends through cam 16. However, notch 38 peed
only be able to capture and hold circuit 20 inside cam 16. Thus, depending on the application, it

1s Dot necessary that a slot extend all the way through cam 16. There may be simply a slot or
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-12 2 JUL 2004 ' O 01/52361 PCTIUS00110668 notch formed partially through
cam 16, into which circuit 20 is inserted, wherein circuit 20 is not able
to pass conpletely through cam 16 but rather is retained in the rfoJighpn
slot. Grcuit 20 is fed into caml 6. Cam 16 is then rotated, which waps
circuit 20 around cam 16 and forces spring contact 14 to c osed
conductors of ¥PEHHY 20, or if using a contact 14 with tapereg E"lyﬁﬁ‘ﬁlation
pl ane 22, to pictdhGBrmied pardhlt tRohgh camABAniwiGthr Gidiit 2020 irértbdSWharein Gikduit20isthot he
dielectric and adhesive 20a of circuit 20 sufficient to expose the

conduct or, f or;pEX8 Rk GoBHBRR ibroupR Rid ) 6186l rath&18 Riathed ERBe AAFIES st erdir@sh His
contact 14 is strong enough to peel off the top layer of dielectric and

adhesive 20a, yindQ8S6NeLmRb RMER r&E'l@d,Q@M%E;Ierdrcﬁi{EG@BﬁJdYCﬁh%%§f&&?spmg
surface of the conductor. Because of the oval or raised shape of cam'16,

contact 14 a“dcoﬁiaa%itg 6&9ac@§ﬁoseﬁ%§ﬂ§i5&?ﬁ%@ciiréﬁﬁt@_of‘orgﬂﬁig%iagzgﬁta&qqmtt%ﬁgzg The

insertion of circuit I nto cam e wapping action of cam1l

circuit 20 aan%‘C %Ol?@%#eisﬁgrﬁ) ierrgenﬁe [g%lgcllﬁc%ora%?ci?cgg 229191 &m%ﬁlb & I(Bz diglgétﬁqgfﬁ 20

by spring con wn i n gures 3a an As noted contac may

have, t he , .t apere Ferging, i nsul at 1.9 ane &% J 0st.ange

%e;melyi ESLI at iagﬁesﬁ'flgﬂ%g%fc%u sgmﬁ’gctt g"pﬁgeetg g\/\gu{lg‘[’) e |Tu?p'?éh% @%hnec Ion to
be made were a, gol d/.gol.d connection. Lp.such a cgonnecti one, woul.d
want to pier ceth%ﬁ‘& rg@g &84 Vﬁ@%&j&&%ﬁ?&#ﬁﬂ%‘%ﬂ’ﬁ?ﬁsw l \R&t?cdmﬁéageré#gllelﬁ%g&
ended | ow pressure, of. zerq-insertion force cqontact.. In this.t of

appl i cati onpt h@aﬁﬁlgﬁ’?"b%oé" Elit(raﬁ?iﬂf" Rgereq tﬁ%ﬁ?“ﬁ?‘ﬁﬂg%’\??ﬁ?’é@“ﬁ%@f S ac%lgﬁ%?/ed from
the circuit before it _is inserteq into, the connector. In additiaqn, base 18
ai ds in provi dioREPYFy Eﬁ‘iaﬂ?eeﬂﬁ%'lﬁ’ﬁ SF Ea,ls"%bhiarb%?foecﬁ'fﬁgﬁ%ﬁftaﬁ a&ﬂ an tgﬁ i ti al
alignment of circuit 20. Base 18 orients all .co onegg&, can1%6 and cover -
12 into their CORPHIHE ‘qt?)ééﬁt@hﬁmﬁ?ﬁ"@aé&?ym%’ﬂ%&pcﬁrﬁn oto 4B 16, 1 WTAPPRE no
tools or special skills. As shown in Figure ]a, base 18 %sso i clude% a
cam ori ent at i ciftipmefi camtl§on Gircus 30 aug the peenef thy dicleqtrrdla apd prbegve %ﬁﬁﬂmz by

rot atabl e) or close non-rot at abl e)_ as required. i scussed above

( bl e) I d ( bl e) ired. As di d ab
Circuit alignnipAng copfasttiis Suwato gues 3pand 4hASRCtEhCaDtaGh Hempshor Ay Aot g the
initial alignment of circuit 20 to circuit receptacle notch 38 of cam 16.
Base 18 is reltapired pigrcmganrulationpiane 25 cARPE 1S YWHER AP RYORRiEpe; 22 vouldaok s y5pd

configuration can be easily nodified to mate with other comerciall,
avail abl e would be if the conpection 1o be made were a gold/gold connection. In such a connectidn 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 flexable circut’s
wsulating 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, ca 16 and cover 12 into their
proper Jocation, and easily snaps to cover 12, requiring no tools or special skills. As shown in
Figure 1a, base 18 also inchides 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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-13 2 JUL 2004 WO 01/52351 PCT/ USOCO 10668 connectors, or designed to
interlock with other connectors 10 of the invention to forma nodul ar
connector bl ock (not shown). Thus connector bl ocks having two or r ows
of external pins are possible. In addition connector 10 may havzeg@tm
features which vgqggg‘gﬁ alignment and connection. Alignnment ribs 34

di sposed on cam aid in aligning the free floating cam 16 tBCTANGI¥G
contact 14, an@oRpeiorsf emssigund to Mt tocRingh boie; co%@&?d}ﬂf@ofqgéjin@énhgxg@k?g%aﬂu gcmlr

contact pins of contact 14 in the event they nmay have becofre
of alignnent ofonespeylodpact shgwn)Tus SRBES RIS AlLgnment ribs 34
preci sely matches the thickness of the contractgsgafg%%ﬁ%morféwfﬁﬁeﬁﬁfms
al i gnnment t ol etrapossiend maki ng fine |ine attachnent possible. Ml ded-in,
tapered registration or alignnent pins or posts 36 on cam 16 work in
conbi nation with the afigtied éddBector 1B8GL MM, 9N, Of cam 16 to grab circuit
20, through accurately install ed a?’%%@%ﬁeﬁ%&ggsg&ch%mgﬁmwwe 39,

desi gned t o r eamhdtiot NEliglegN: i 36, and .in so doing, accurately
align the conductors of@giircui nggbg%df)ﬁgmﬁrggﬁg& ‘ﬁmﬂ%ﬂthé% Bestting cenitaot 14
as cam 16 is rpha 8shact A 190 oles 48 woul d need to be created in
circuit 20 by % %er or rfanu% actﬁérhé’P?o HAhatepafats andhalize sdividamegtab gins of
conduct or al i aHBAL 1495 BRVY, otches or troughs 46 which start

appr oxi mat el y 0. 050" ?%%icggmt ey E%"ﬁ?’?“%cbéb‘t%wfeﬂfﬁhswn% raopdr tpagisy. Theom
the surface t |, to.or greater than the |am nating trough
found bet ween sg%%ﬁgg‘%%%ﬁ%?m(#’ s %?prr_-? J Bitehes the dhipkne @ thEventadt{sy Mo
grooves/ not cheg, h_thejr, maxi num depth at the point the circuit 20
exits cam 16 in %ﬁngre%g%‘dtf me?%}tmicﬁn&?ﬁ“éﬁ“a&ﬂﬂém ¥ne2gagbmentgwssitiie. oMghedsiaVegefed
The ali gnrrentreé}%ragghegr g?rgont.i nue around the outer surface of the cam 16
for a distance not greater -t NGhOTIHOSS 3p op e EQPPEK in vembibdtion imith URfrQERBCE.
The depth of q&gjﬁglﬂ&gggeflt not ches 46 decreases fromthe circuit exit
point until it nas oW’ ‘f?m[]‘r?é°gé?ﬁ‘i‘g%iﬁoeth!@shﬁma:elﬂinaalmhdegﬂﬁﬁhtlhﬁle%s,each
al i gnment not mﬁqn%ﬂeﬁ?ghed in such a manner as to center each conduct or
20. The alignnent " nétthds %@n%téffﬁﬁl"ﬁheiahmeatmihmtmnnecamﬂg@accaﬁteg,l}ggm in

Fi gures 3b, S&Candd 3e. The alignnent
conductors of circurt 20'to the molded-in deflectable contact 14 as cam 16 is rotated.

Alignment holes 48 would need 1o be created in circuit 20 by a user or mapufacturer,

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
flexable 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 2s 1o 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 1o take advantage of the laminating troughs between each conductor of
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not ches 46 are designed to take advantage of the |lam nating troughs between
each conductor of .14 2 JUL 2004 WO 01/52351 PCP/ US00/ 10668 circuit 20.
The |l am nating troughs are created during the | am nating procesg _}U}_ﬁa‘form;
circuit 20 as the dielectric is conpressed around each conductor. e
troughs in the {hglsgsric of circuit 20 work in conjunctionpw 16's
nol ded-in regi s??gltl‘?%trl] pins 36, and alignment hol es 48 of cr%@?@ﬁgﬁ? to
gui de t he condurerewt 2. | The danprappetroughs aymreeated diing tied Jaminaring tpravys el fodds Eiftait 20
invention 1is a redundant systemto ensure proper alignnment of conductors
of circuit 20 aatheckntrcamstiscoinpresden aronoitiédch condb@orp e idinghg irddhe Aidictié ONEkuit 20
al i gnnent feature, alignnent notches 46 al so prevent circuit

di scontinuity, vdakegenjonctidh v gagbiantldedid edgisthiindlinse8; and AligmedSIRIRUS of
activation can(s) 16 and deflectable contact(s) 14 can accurately align
conduct ors of airtuit e, id goéle (SRR itoQRofls ARBmEMC Mhe Digh®bh SRIUES e invention
flexible circuit to their assigned contacts. Use of cam(s) 16 and its

ali gnent 1 bs is Stduddegisftdniloicarabrdfer ot BbIAABRY LA ER ALENTE O
significantly reduces the stack up (or conpounding) of assenbly

tol erances. Dukififlortd PRSHhg@R addion; @Eﬂﬂémﬂfeﬂu&?ﬁ%ﬂ.éem B%%gc{sqg Sl ﬁ%)gxﬁtcc#h%nt

insertion may be attained by angling the apex off cam I'n a

al l ows an i ndi \iisedihui§ORkREL oifise ggg&mgn&m&mi&_ ﬁﬁ{}h%ccifia%ntgw&g%@%s‘i i

an individual conductor of “circul one contact a
t echni que si gnigk4 i [T ntion forc ecause o :
conductor at a d%?érer%% I‘s:ynr%:?(g) 31 %%%%gdcg%%l satlal%d] tt%gdé% T P\éa %%8? &%&émﬁ O"Qbe‘ Q06 ingh

even though 40 .0f - y,.De mat ed ing connector 10. .
A t1 onal 1y, - B SRER SARELALS (st Bhite ths P SEN 16 Re FrliFomeauly
contacts and c . -ng cjrcuit around.cam 16 during the
connection squgﬁg@’%{‘%@%&%gﬂ@‘ 5%” uein{ gn 26"*’3?%2}%}?8 4%5{%‘?1&%“@’?@ Hegg the stack up (or
friction/conpr i . n.circuit 20 which equalizes stress across the
whol e circuit g‘%@@ﬁ%ﬁ@%“g%@é&’ I/ circuit 20 fromstress and strain

Wi t hi n connect or 10D ﬁ‘ll'lhtég rot at i ﬂcqpca[r(_n 16 4st ructurally supports circuit 20
and forces each conP et HEORFEHER B FgYIcE: BRZESSSUFRY: insegropimay be attained by
dielectric of cikcuit 20 (if |icable and not formng a gold to gold
connect i on) and SR e & Cﬁtogﬁatm a"f‘? ﬁn@ﬁ‘&"ﬁ%bﬂ’&ﬁ’é?’b’r”d‘b’ﬁ“ﬂicP'g'Eﬁ‘P?WP_"PW Yynamic
addi tion the Sgc?'nlga%t gj Gam argalﬁ/di\ggua}/gnldl?cgorto accqpmodate circuits 20 of

. . o mat
various thi ckn&Z&aet {id mate Wi circunt 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 meﬁtioned above, strain 1§ eliminated on the individual
contacts and conductors by wrapping circuit 20 around cam 16 dux;ing the connection sequence.
Wrapping circuit 20 around cam 16 creates a friction/compression Jock 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 it 1n a cover 12 and base 18 of one, uniform size. In summary, cam(s) 16 can
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will still fit in a cover 12 and base 18 of one, uniformsize. In sunmary,
canm(s) 16 can -15 2JUL2004 WO 01/ 52363 PCTNSaon0665 accurately align itself
to a row of deflectable contacts and, once aligned, orient indi4Ulalid
conductors of a flexible conductive circuit to mate with their assigned
contacts. Rotatwagiisises can(s) forces the flexible circuit toPERYR§8tasHhe
def |l ect abl e contactg;).andeﬁonﬁgete 4he ekectrical i nter-connection. Mbst
conduct i ve ci r cifcuatel(plign isefl o AXay Gf defectebls SORESH ard. prse @igngd, nepiandindiplect r i ¢
with adhesive to attach the dielectric to the conductor, the conductor,
and then a top foafestorsp! afimls capdugtingcizpuyt gympte pash ther agpespdeantacts, Ratagjpsshe
deal of force is not required to be provided by connector 10 and contacts
14 because onl ycasud forcescthe Bgnble eirpuit taxnzegedhecdefledtable conteptés) erticompittesbetiestticaly
the invention. To activate and attach the spring contact(s), in one

enbodi nent as detecréodsectioabove, a rotating cam 16 may be used, however, in
anot her enbodi nent, the connector containing the spring contact(s) may be
a contact nodul e 100Mosasominctwve circuits 2§ eredembdwith 2 bbist eclthsolbyen of didfeantid with a
cover and base. Contact activation nodule 100 aligns spring contact 102
with a circuit ddidsiveus bngthiohd didledtrit to ol cdtducde ftheadntwiorpaiditheatal toflaydr d0aihdsbe
(simlar in function to alignnment ribs 34 on cam 16), a circuit alignnent
notch 108, and inapaseryslof gieremt. Righat deblofiferedis aparedurreditd i providedbly tomnddid.10A
spring contact 102 is shown with a tapered insulation plane 102a. Spring
contact 102 is ard@bhtests eflbersuse iohi§ dhd (tHelbp)RARSEHidNLRIC i9sibrcatPdoli QBeldd bR 106,
and then pierces and peels back the top |ayer of dielectric 104a and
adhesi ve of ci rigbdptionl04, as circuit 104 passes through contact nodule 100.
Contact(s) 102, as with contact 14, nmay be a single or conmpound spring

contact with a tapefSeiiASiHaath@hddpRRE cohbhs), Qw%m agao(ﬁ&aenété& RAGbHORoR! £

the elenents that actually formthe "connection - whether by piercing and

peel i ng back thgyfiheXibDl emel Ebted, nowkle i fottleCertoddelP tné coffakion bl Ritaatet
with the conductors of the Tlexible circuit. Contact(s) 102 may al so have

at | east spring contact(s) may be a contact module 100, as shown in Figures 5a-5e, instead of a cam with

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 funchon 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 s
deflected as circuit 104 passes over activation ridge 106, and then pierces and peeis 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 dielectnc or sumply
making contact with the conductors of the flexible circuit. Contact(s) 102 may also have at least
one optionat 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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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. -16 2 JUL 2004 PCTI USOQ 10668 WO 01/52361 Contact nodulil 2810
is conprised in part of a contact support portion 114 which houses
contact(s) 102, o ti3 nal for fine alignment of circuit 104, REfESHELI6S

al i gnnent pi nsWe Y2 %t least one nodule ali gnment slot 124, and at | east

- one | ocking hol e 123ntadthesdelei 1904 comprsedompaaiot! agoutioy appermporger | idovhichbeusghi ch
conprises registration pins 118, which roughly align circuit 104,
activation defh@eitd) 902, obfigal Dfive Mpnhensf cirone] (@ wpared alighmaphpant10rad degst 0208,
and flexible ocking arns 120. Arns 120 snap into the at |east one

| atching hole Id DGt 861 123URRQE fea @ lockingliibik 12D, Sieowis elso € comtaaCACtiBHPPOr t
portion 114 and contact activation portion 116 together to form contact
modul € = 100. The, o cBRPNED FeBisfrionGRIRN & bwhith cogRly 18 clrsuitalD4f aotivation .

Fl exi bl e ci rcﬁ?m%éljg@h rcougﬁélzey&gl igned to registration pins 1 18 of
activation porion 11 NG chr i Ciant noMhi 10BTRA RexiMOloah{zshs 1108.
Activation por{eﬁgﬁlo%%ggﬁa@tﬂenag{ﬁi Snecli and ingerted’ into contact support
portion 114 using.glidn | $d1e 12 cTRREESHort SEHiST 11akb QBB NS
110 of supportg%%?ﬁa?‘?%fﬁ%efag%tqﬂgre%}% cfrculint 104§ugg0 ag‘tg-ihvati on portion
116 is inserted into support rtion 4,. 1i0s e1d doithePlo REh Eorvdct @Bdule
portion 116 fo‘f"é‘@ﬁ‘,s“P??r{)ﬁci'gmpgl%ﬁn%ﬁ?négr&%‘%g%rrpsﬁg? tﬁe ingét?ll at]on pl ane 102a
of contact(s) 102 to pierce the dielectric of circuit 104 and peel off the
dielectric I04H),°-thereby exposi ng the conductor. Contact(s) 102 is then
forced into conpression as deflection ridge 106,. alj bR EBuit 104 ;
concentrators 112 W@*FFWBIVé"é’ré’c%&‘f’a?&’f“f’?)&%ﬂlﬁqﬁ%m%Jofr?gélgsss 2gai nst t he
exposed conductors of circuyit 104, creating.a -t alisldh A5 Euif AnBhddd t O
surface fini shrovsbipalignedie resisieatipy Bpy bif %8?*‘[‘%6% p%%%nék%&tgglﬁ@égt sup%po]é{tnﬁ
portion 114 are secured together using.arms.12Q of. i ' | 6ridd 6
and | at chi ng hmtéf&esm%-o‘l‘“’é’w{“%dﬁgi‘? "“ﬂﬁ’.egfxﬁilﬁﬁeﬁg%%gé#%ﬁg@%&?ai n

is reduced because the force required in the present inyenti LS i red
only to pier celBhusingayeymest medide dotls) &4 ﬁ@”ﬁ‘?‘ug’g‘ﬁé o K@ctf,s‘%ﬁg?lpt&ggﬁggrce

t he conduct or . . .
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 1042, 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 conpection.
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 ope fluid step has many

technical (as discussed above) and cost advantages. Conventional *high density’ (contacts on
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itself, nor peel off all of the dielectric. The nulti-task connection
function perfornmed in essentially one fluid step has many technical (as
di scussed above) and cost advantages. Conventional " high density' %(mgh%cts
on -17 2 JUL 2004 WD 01/52361 PCTI US441 10668 pitch centers less t . 040
i nches) connectphg:£86ui re the renoval of the covering diel ecéairosoomadss a
sol dering or welding operation to attach the connector contacts to the
circuit's condumtchicémdrs lessithan Gi§40-ndbas} nonnprtors exisird the oompwalnditlee abivéring clielertriasnd
the circuit's density (nunmber of conductors per circuit) increases.

Typi cal probl erssoldeongeasweiding ieratiosto afachilghodenst topraesno eetchtuits doadhom ().

i ncl ude; sol der bridging, contact msregistration (alignnment), conductor
del am nati on arthec@hehmesOprdedss hedmésSnord MiffichiNaaRE Lifhite ldekieh alug®eddflcoRfuctbRer
previ ously nmentioned problens by, in one process, piercing through the

dielectric of tdieuit)ifxidsése Gpica Prdbledsd sherdakiioiBe &sﬁmg%%nﬁz%@bmcﬁpgmﬁménape
finish or metal to netal, gas tight connection using the tapered insulation

plane and opt igdade, foief Brg@iiC EdttdcAhRiepistPdtioh (B gHRR)AEIGS I orldbl B inatiifand cold

However, the same spring connection nechani sm may be used with a bl unt

ended contact Ididaf o2 The GovbRloMeflihiree P{evﬁ))ﬁgﬂfﬁkxg%oggd ﬂriotélhﬂ.agyolindone

connections. The i1nvention coordinates the ali gnnment ensity,

fine line, flexjpblg ﬁiie{c‘fngémﬁ%t e di "é‘&tﬁe‘)ﬂ&%mﬂ DAT%inG AU AEE Anlings the
connector provi é_es ah essent | y uid process for téermfating a

conduct i ve. i I i AR o8 A ST A dPed B B0: LIASR: BELd AERuol R PLACESS
is essentially a two step process, n-using an eNbodT nent . W Ch a cam
First, free float.in activati.on m 16 i reci.se | ocated to spring .
contabt (%) 14 (PR rBrengladhsT PGB 12 e BE 8t Syl yicon

cam 16, wor ki n RERBITLERQE Brd At AHap S SHUTET 5P MR GHReh o Or Htage s50

built into cam,16 ﬁnd wi.th the rotation of cam 16 to grab circuit 20 and
accurately ali gRBPHeEBHA ors of circuit 20 to the spring contact 14 of

cover 12_ Tapered aljgnment notches 46 of ca 6 also lock ciycujt.20 in
pl ace to provide st AJB?H"W%W& IS the aé'émﬁ"r'?ﬂg’]t”#@glb%ﬂﬂ c&?e We’tf'{??"mj “Hettdo 8

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
actrvation cam 16 is precisely located to spring contact(s) 14 in the housing compnsing 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 aiignment 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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In the alternative, the connection sequence for the enbodi nent using an
contact nodule wth activation and support portions was di scussed,above,
and it can be seen that, with either enbodinent, the conpliant, fzewitzﬂﬂé,
defl ectabl e spring contact(s) conpensate for variations in ‘It_.ﬂgsntnmﬁgg(ness
of the flexibkg @isteuit and provide a predictable and reli aB e cont act

force. The -18 2JUL2004 PCTl US00110668 . 1923 Glm LIRS, FARCHAR] @alact
conponents ofS"HHe r‘i‘eﬁbaé‘ﬁflic(?H]P?Iﬁ’snﬁrD{e%F gﬁgnu}é\é)?n%}rrel gabi || ty.@Each spring

contact mmy be positioned to penetrate Ofi&radd &idi@tloRealy ader , i n
order to el ecftl"ﬁd%‘?ip@é!}‘?‘}?dﬁ%l?"é‘m% Pﬁreéhaflloé’g?’%ﬁaéﬁjg?a?%rhi £ havi ng two gr nor e

conductive |l ayers. Wen using a cam the apex of t G adikh fthe
al i gnment ri bsith #Bgdtecizeniy PRYMETHC 87 Wﬁﬁg?&gthvﬁtl&gﬁsl (tgﬂ’wsﬁn agﬁsg gl e coﬁetxe?ct of

the spring contact to mate with a single circujt flexi bl e
circuit, one @onmektht signgentgibsinp be mslﬁggﬂ w}gmsg,thgtna@g‘gg%%ﬁe% ‘;—Ogltnﬂ‘llt&?ﬂe spag

significantly reduces contact insertion force required. Sinj - t Dge.
defl ection richpecoto mdrewik? fingle SEH BRIFRGIENP R flepile el 0 °wcfg{‘ée"yar‘myﬁlﬁe

angl ed to provide one by one connection. The contact(s) and ca be
i ndi vi dual | y iz est dyonacowastion sgefiwpdricycss @P@&E‘PFEEP%%%E&%}?EaWWX
connector may be forned to accommobdate nore than one sprin ont ac agg)Fm
more than ongefleasn fbhe ot bamerition phrios pithe eontackPpfuifgna @?{‘é’)’”%f Pe ade
connectable to form bl ocks of connectors, depending on the desired task or
application. gucdenpsessn.bl e applications include; the use of a PTH (pl ated
through hole) flexible circuit to change signal direction wt hicrghcrf&f,ht%ﬁg

connector or bui | drietoh@6ts) pel dainks) mtbbix@ivahdlmﬁfs@ww&fﬁ?ﬁ@ﬁéﬂf

attached to the circuit, or the flexible circuit may be built with ?n
integral net wgdgs Ghd fHé%Bsnettopigtedoimad pr atevnodatd /ORI CBS SRS FRAATSAF PO4T |
enbodi nents, the invention provides a housing for optional tapered qr bl unt

SPring  CONt ag,s ondfish, (el Bfdetiof IRsiEPIhE eying omtansts) 3y, bejmade sepoedeple tpdorm

activate its stored energy to pierce and peel back the dielectric of a

flexible circyjgd & BBleoANEpemingloait dasired iskiof eppbtation.r fushPossiedPRGHEE L i on

bet ween the spring contact and the conductors of the flexible circuit..The
include; the use of a PTH (plated through hole) flexible circuit to change signal direction wi

the conpector or build in test points, active and passive components may be attached to the

circnit, or the flexible circuit may be built with an integral nerwork of fuses designed to protect

the modules it joins.
In all embodiments, the invention provides 2 housing for optional tapered or blunt spring

contacts, and deflects the spring contact(s), if tapered, to activate its stored energy 1o 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 circunt

required before introduction of the fiexible circuit to the spring contact(s).
The foregoing provides non-Jimiting description of the invention, for purposes of
jilustration, and it is not intended to be exhaustive or to limit the invention 1o the precise forms

disclosed. Many varjations and modifications of the embodiments described herein will be

_10-



i nvention 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-linptjfngop
description of the invention, for purposes of illustration, and it is not
intended to be exhaustive or to limt the invention to the pregj L

di scl osed. Many*9%5%%i ons and nodifications of the enbodinen? "g%ﬁgd

herein will be ob¥Buibdad@Pds _QME}@;@M&T%P&% &%@?&ﬂ&\é&?#ﬁg ol

ordinary skill in the art in Iight of the above disclosure. s%%%%e of

the inventionj il . cl.al s _an heir equivalents. 2 J
UL 2004 C ai m;lh%\l}\ﬁ(g{lk ?gﬁg?g%’l:hrggppl%g@e%l% fn&gﬁlgérterfl}]?:’%T&SConnec?or conpri si ng:
at | east one deflectable contact forned in a portion of said connector;
means forned in said connector for aligning at |east one conductive circuit
with said contact; at |east one activation neans in said connector to
activate said at | east one contact to engage conductors of at |east one
conductive circuit, to forma reliable electrical connection between

i ndi vi dual conductors of said at |east one conductive circuit and

i ndi vidual contact of said at |east one deflectable contact; and wherein
said at | east one contact is tapered to a pointed insulation plane which

pi erces and peels the upper |layer of dielectric insulation and adhesive of
said at | east one conductive circuit and scrapes off a thin |layer of
conductive material fromsaid at | east one conductive circuit such that
the conductive portion of said at | east one deflectable contact interfaces
to forma gas tight partial seal with the now exposed conductors of said

at | east on conductive circuit.
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2. An electrical connector according to claim1l wherein said dielectric is
reusable to forma permanent seal when the at | east one defl ectable
contact is heated to a tenperature that causes said dielectric tf reﬁhpw
and seal the contact to conductive circuit interface. 3. An el ect #%5
connector according to claiml wherein said at | east one contact further
comprises a plurality of force concentrators to accentuate pressure at the
i nt er faceClaimsween said at | east one contact and said at |east one
conduc;iv?n%%&ﬁﬂ&hwgqglng connection. 4. An electrical connector according
to claim erein said at | east one contact conprises a plurality of
conpression notches forned thereon, thereby creating at |east two

defl ecti on ranges  of erX|b|I|ty of said at | east one contact, wherein a
first defﬂectigﬁ- glecgacal conngstos CAREYNEY t he ni ni mum t hi ckness of said at

| east one cont f tabl i shed by
said plurali tyg{(:)] aﬁ'@%ﬂ%\rﬁg@icﬁdgr:e ﬁ%ﬁ%@g‘)s glligﬁéhggeoggﬁg%%&fﬁ 2004 5. An

el ectrical conmmahoformed ar shidgornectot formligning et least osacohdictivecisuitorigh cont act
conprises at |l east one contact conpression extender to add force to said at
| east one SRS to aid in forming an el ectrical connection between said

at |east one ConfeaGl,n@0dvatigh thedhs nes"iﬁfco‘i’iﬂ@ct&%QHﬁ{ldté/@mEhﬂ%thBnc BontA¥l

el ectrical connector according to claim| wherein said connector conprises
a connectmmngmgﬁhﬂndunmxmflasleag omn camduicting clmulqot;:riiomra reloahbe elcctngal at | east

one al i gnment not and a_pl lity of r at| on s.for i ng entry
of at Iea@nﬁﬁ@%ﬁ‘ﬂ?ﬁiﬁlpgﬁ ‘ﬁ"iaf d¥°t°§t°flsgi§ Bl ong&ﬁp@ Ctnvﬁglfr?é{ %%on ri dge
formed i nt@iARhAE oML i0P8aiRAF fda@bnelefidisble éMAeandt a |ocation inside said
activation portion where at |east one defl ectabl e contact neets said at

| ealst one condwdtersiesaiil atigast one copngis tpergd e apeintnd ipfulatignplane Waigkt one
def | ect abl ta d. f t f i d
e e b B R AR el sap A g

a top ayer of I nsulation and
adhesi ve féd?ﬂhétﬂébxﬁint'aﬁd%érapéﬂﬁ"fﬁ&ﬁdl@bi ofconitigive mdreriat fieat @idai ldast
el ectrical connection between said at |east ane
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.

2. An electrical connector according to claim 1 wherein said dielectric is reusable to
form a permanent seal when the at least one deflectable contact is heated to a temperature

that causes said dielectric to reflow and seal the contact to conductive circuit interface.

3. An electrical connector according to claim 1 wherein said at least one contact
further 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.

4. An electrical connector according to claim 1 wherein said at least one contact
comprises a plurality of compression notches formed thereon, thereby creating at least two
deflection ranges of flexibility of said at least one contact, wherein a first deflection rage
is determined by the minimum thickness of said at least one contact and wherein second

deflection range is established by said plurality of compression notches being closed.
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defl ectabl e contact and said at | east one conductive circuit; a support

portion containing said at | east one deflectable contact, a plurality of
tapered registration on pins to aid in aligning said at |east onep JUL 200

defl ectabl e contact and said at |east one conductive circuit; and rrean‘s
for attaching said contact support portion to said activation portion,

I ncl udi i it _slot f | {.gni sajd ti ' ti d id
SUpPOr t | POt | OATGRCCTREY GoResicF arcRedie 10 I bIWET H40 “CBHLaR 883 or di ng
to claiml.helel o 5k gll@l:or%tﬁ?%m?ﬁgsigx?&tﬁﬁe?% £d foRRUt864id lable@st@mrpound

spring contact conprising at |eas wo clircuit contacts |am nated

t oget her. @ntadhtoediédn forodbg anddeantad comecton betgetrosad af Inasy onheordach andi d at

| east one coppaound spring.contact conprises multiple |ayers of contacts
whi ch ar e s#tbeideast anc eanduetiye Yot hori zontal |y to acconmodate cont act

defl ection and applied pressure requirenents of any chosen application. 22
2 JUL 2004 9. An electrical connector according to claim1l wherein said
connect or 4.urt Aeveleatieg comestion anwirdiog te daiar 1 wihsradn paid gbriegtor cempnsasie
contact is fonned. 10. An electrical connector according to claim9 wherein

sai d acti vepesiongapdule comprisiagan agivala poThRR CQUPYEEs on cam received in
sai d cover, ang feQét%h@Qiigmﬂ&ﬁlﬁ)Bﬁ:ﬁ%dW hHhkty Ak §RAYi6h pirdTer &iddageenthyi ath

attaches to said cover to enclose said cam 11.” An el ectrical connector
accor di ng dtdeast anewdb@uctovepnicgitng t wo contacts, one on either side of said

activation cam aced about. 180. degy e apart. 12.. L ealy connect or
according to Cp&fe%tmemgtfagtiqffﬁgg}o&l @4%335“% lgé)ladlazﬂw@gbé]gl{ﬁﬁ%%gp%g i vati on
camis varjghhie at @ IGaRONTRAR AR AH poriaswhad at liglonedsectadle saitabtat

| east one conductive circuit, yet fits one size of_ cover and base. 13. An

el ect ri cal meetanadtadleasiowercandustive cisewt, to PO vidscielpstionaf gaiget |dgneone

act | val | onge ORI Sha Forth tY Elable)a herdd IHBRESA plahbSt & atAGhbRAl d at
contact to pierce and peel back a top layer of insulation and adhesive from said at least
one conductive circuit to create 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 on 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.

7. 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.

8. An electrical connector according to claim 7 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.
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said at |east one deflectable contact, wherein the space between each said
alignnment rib corresponds to the thi ckness of each said at |east one

defl ectabl e contact. 14. An electrical connector according to cl aidnd U4 Q2004
wherein said cam conprises a cam activation socket which receives a tool
used to rotate said cam 15. An electrical connector according to claim14
wherein said cam activation socket is customfornmed to match a custom
formed tool to provide a security feature wherein only said custom forned

tool fits gaid %Lﬁéé?m:dcl %gﬁzgt&%do\‘ﬁhg %‘clﬁﬂ?%%herel@sa@@oxﬁie%fr Rir@iRy connect or

conpri si ng: at east one | ectabl e"contact forned in a portion of said
connect or ;comgaitss & araidadl dovesaheteinoniten et drercoatacginifognedt | east one
conductive circuit with said contact; at |east one activation neans in
said connector to activate said at |east one contact to engage conductors

of at |easfy On%nca&qﬂe&l'csﬁleetorr%&ardmg@o E19Hi) Sy HeRih @Qh@ctwa%m@@aé 23
2JUL2004 connection between 1 ndividu conductors of said at | east one

conduct i vecomtpresas tit laasd oné miwmhdmadmmcm'mﬂm(sﬁlmm, and IO@%QIY disposkdf | ect abl e
contact; a npl ded cover one, con forned; said
activat i on"igraid @Hﬁhaﬁh%ase %‘F@ﬁgff‘%%%’ S&k‘{‘fo\)’ﬁ X eﬁ“‘c?a%%a‘ éCEI ved in said
cover, and rotatably disposed wthin said cover, and a base attachable to
said cover to enclose said cam said base conprising at |east one cam
orientatiohl.i nd;mdc@ncal@onmt@rgamdlag t¢ elage 10 semAESiNg Ve 6ANt2EMINALH

t at abl d t t { | t
ccor ai ng TUEPAP A 100 sneeboR Sl ARRar i GBS RS FOMEE 201 ng s

base to said cover to enclose said at | east one activation cam 18. An
el ectrical connector conprising: at |east,K one eflectgbl e c gct formed in
a portion b sdinelegrieal cpppector according to claim 10 wherein said shape o 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.

13.  An electrical connector according to claim 10 wherein said at least one activation
cam 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.

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

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

15.  An electrical connector according to claim 14 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.

16.  An electrical connector comprising:

at least one deflectable contact formed in a portion of said connector;

means formed in said connector for aligning at least one conductive circuit with
said contact;

at lcast one activation means in said connector to activate said at least one contact

to engage conductors of at least one conductive circuit, to form a reliable electrical
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means forned in said connector for aligning at | east one conductive circuit
with said contact: at |east one activation neans in said connector 5
activate said at |east one contact to engage conductors of at Ieas?t Y0
conductive circuit, to forma reliable electrical connection between

i ndi vi dual conductors of said at | east one conductive circuit and

i ndi vi dual contact of sai east one deerEet abl e contact:. a.nol,ded cover

wher ei n saqoanaqnqné)&éwe%ﬁégww candpgtors f seid at leastpng cop W‘c')ﬁ“ﬂ’é'a‘ﬁ’éi
conpri ses gawk(ﬁa%mﬁ&&omw L@ Bl AfELHRAL 1 52} d cover, - and

rotatably osed wthin sard cover as€ which attaches to said
cover to encl aswoldal chveawheindsaghatdedsasee cmiget isdemnal;ci rcui t al i gnnent

wi ndow di sposed in a wall of said.base wherein said circuit alignment
wi ndow al i gns &aifl @chyatog 1eeans RIMPEHRRIct i ve circuit to a plurality of

tapered registratiog léHsf‘éneddcﬁPﬁ%%cl:aﬁ{‘ r&@1Wd M sdi®BNer ORE raaidbkAdisRiRedam

wherein said registration pins work in conbination With rotation of sai d
at | east one astithmasdidnowamndt o grab said at | east one conductive circuit
to accurately align conduc aid at ast ..one conductive circyit to
said at |east one oae??sﬁéftﬁ%‘la&]%éﬁﬁ"l‘ éf’vcréﬁe%?%lfam i@g AF QRREPMER
connect or  acconishghe Qnfbidratbd 1%185’:8“&18@1& $hid ANSAsPBne 4RFLBSN &drh @lo pi NS Of
said at |east one activation camwork in conbination with a plurality of

conduct or al i gmotatablegandompegotatableepbsitioms. sai d at | east one activation camto
align said at |east one conductive circuit on said at |east one activation
cam and prevent circuit discontinuity under vibration. 20. An el ectrical

connect or g corgl Aecttifal ChRrdttok Acir@mitd clanh 40 Hthetedsdid BAR cdaiprided means cam
corrprl ses a circuit receptacle slot into whjich said conductive circuit

entlers af t for atfaghing said basgde saif 6oves el enalespsaid; at faapions AERYAIORLRAM- connect or .
21. An electrical connector according to claim19 wherein said plurality of
conductor alignnent groves start about 0.050 inches inside said circuit
recept acl e1g! otapéldcttiagi@onhdcdNcomprising:

at least one deflectable contact formed in a portion of said connector;

means formed in said connector for aligning at least one conductive circuit with
said contact;

at least one activation means in said connector to activate said at least one contact
to engage conductors of at least one conductive circuit, to form a reliable electrical
connection between individual conductors of said at least one conductive circuit and
individual contact of said at least one deflectable contact;

a molded cover wherein said at least one contact is formed;

) 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; and

said base comprises a circuit 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.
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the surface of said at | east one camto a depth of about 0.01 O inches
wherein the depth decreases until blended with the -outer surface of said
at | east one cam and wherein said plurality of alignnment groovqul@ggﬁnds
for about one eighth of the circunference of said at |east one ca

wherein in said depth decreases froma point where said circuit exits said

camuntil it blends wth t%z outer surf ce of sah)g am 22.. An electrical
connector conpf?Psi nd:t ectiiea prRsKtor deqar Egé‘b?l@mé ’Eeu?ﬁ?r‘qr@@e’i a portion

of said C%%@ﬁ'&t%n plﬂ?gﬂﬁuj 1R ohd a&%@orpéﬁ?ﬁ‘ SO doMibiRdticdRlibda plurdiRpst one

conductive Tircult Lo act; at |east one activation means in
sai d connesftoondi@oraignimntgmaes fatmédsinst sairthat leash Dmictl\lﬁmlemagealt&mé@ct ors

of at | east one conductive.circuit orma.reli | ectrjcal.
connect i orft WWQ“HH?‘WB&%P“(?MEPG@E%% L Ope agtéYagm& §tpr%vﬁ8{ “EM¥ucti ve

circui t angls.dnfidhity dutitk viigct of said at |east one deflect abl e contact;
and an activation portion conprising: at |east one alignment notch and a

plurality of reglstratlon pi ns for allgnl ng entry of at |east one

conductive circuit; | east . one cQ ct de tion an
activat i o@%orﬁ%ﬂeﬂlcﬁﬁpﬂw"%&ﬁ‘f% i!f' ﬁre"?l |%gpl§%ﬁt§ it f\}\?gél?on
portion Wheme ahplifadlciRlR réleplatlelshh |uﬂo waReH sagd cdiﬁﬁétﬁve&ﬂﬂcdlt&htel‘ﬁﬁ’&ﬁ' saide
conductive circult, to provide deflection of said at |east one deflectable

cont act , aatdedsopuecanduelineticuy gnttresaid eamectone def | ectabl e 25 2 JUL 2004
contact to formsaid electrical connection between said at | east one
defl ectable contact and said at | east one conductive circuit; a support

portion coptai Mide&dtal c@hnéc&&&bc&dﬁgd@f:laﬁﬁﬂ&bﬂm&imsﬁiépturalétyplfummluictoy of
t apered reagil stration pins to aid in aligning said at |east one defI?rctabI e

cont act iznamang geaves star ebowd. QX aches insidegaidgiquit rﬁ?ﬁﬂt Q gng taner fromhi g
sai d contagt SUPDOf ROk LR ok caiPloh AP ¥BibboBI0.BRT fncREL wherein the depth

decreases until blended with the outer surface of said at least one cam, and wherein said
plurality of alignment grooves extends for about one eighth of the circumference of said at
Jeast one cam, and wherein in said depth decreases from a point where said circuit exits

said cam until it blends with the outer surface of said cam.

22.  An electrical connector comprising:

at least one deflectable contact formed in a portion of said connector;,

means formed it said connector for aligning at least one conductive circuit with said
contact;

} at least one activation means in said connector to activate said at least one contact
to engage conductors of at least one conductive circuit, to form a reliable electrical
connection between individual conductors of said at least one conductive circuit and
individual contact of said at least one deflectable contact; and

an activation portion comprising:

at least one alignment notch and a plurality of registration pins for aligning
entry of at least one conductive circuit;

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
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I ncluding an alignnent slot for aligning said activation portion and said
support portion as they are joined. 23. A deflectable electrical contact
wherein said contract is tapered to a pointed insulation plane vvhi(r:f IS
abl e to pierce and peel an upper |ayer of the dielectric insulationl dd20p
adhesi ve of said at |east one conductive circuit and to scrape off a thin
| ayer of conductive teria romsaid at Least on nduct i,v. cwt when
said defl ect afPEagidR{er sl E]I‘?B%%l(fof’ﬂecéfﬂnb%”@?? F%‘gla%%&ﬂr?@%fi%ﬁ ga

defl ected by '%ﬁ’t&é’t%ﬂ%ﬂlda@ﬁeﬁ@dzﬁc@hﬂ&%&cﬂ%ﬁ:h sai d connector thereby
forcing said tapered insulation plane to pierce and peel said dielectric
to expose individuad supq)nmpoﬂmnscomalmag shid atrleast Dn¢ deflectpble qontpst, addwrabivt i on

with said defl e t abl cont 24. The defl ect cont 23
wherein said af Faé’ﬁ’éeﬁ r8$f§tr mp%s[to a&%’r‘?ﬁ?‘ﬁ%@ Sl r?lt era?;ltl Ontead%h?cq%bolgcgﬁtggt
concentrators tgad3saanicdalope RofERUVEciaduitt Bed | nterface bet ween said at

| east one contact and said at |east one conductive circuit duri ng
connection in an elmgal)sﬁgamta@bmgé@ltd(wm@%ﬁypmﬂ EQ'UOIF%S%P‘F@@PQEP@’(S’BM act

of clai m 23 vher gl 1 33) S Blm LEAR 9 pARLA0 by ARURGLARD aBbidBhbaY Of

conpressi on note crea i n eas

defl ecti on rang,g&ldﬁasfﬂ,@xarbhdmém of said at | east one cont act, wherein a
first deflection range is determ ned by the mninmumthi ckness of said at

| east one cont act and wherein a second deflection range is established by
said plurality gf  CONBEIMON AL A G mcithord Saif cBhikdch apGORIAE boiftledc! Al M
23 wherein sal deflec e contact conprises at least two contact

| ani nat ed t ogetiheitation pflatenvisick rabietocbicted Arelpeabireuppeo tayeref 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.

24.  The deflectable contact of claim 23 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.

25.  The deflectable contact of claim 23 wherein said at least one contact
comprises a phurality of compression notches formed thereon, thereby creating at
Jeast two deflection ranges of flexibility of said at least one contact, wherein a first
deflection range is determined by the minimum thickness of said at least one
contact and wherein a second deflection range is established by said plurality of

compression notches.

26. The electrical contact of claim 23 wherein said deflectable contact
comprises at least two contact laminated together to form a compound deflectable

contact.
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