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Cross Reference Applications This is related to U.S. Application
Serial No. (EL-44626®y02entitled "Integrated Strain Relief Mcromniature
Connector", U. S. Application Serial . (EL-4463 P) entitled

"M crom niature Connector Wth Low Cross Tal k" and U.S. Application Seri al
No. (EL-4464 P) entitled "Insert Ml ded Straddl e Mounted Connector™, all
filed on ELECPRICAROGONNECTIR FORIUSEINOMINBATURIZER, BIGHhDENSIZW, i on

1. Field of the |InventAND:HIGH PINGOUNTAPPRLIOATIONS ANDo el ectri cal
connectors and nore particulErgaoD eFeMANURACTURECt or s which are used
for mniaturized, high density and high pin count applications. 2. Brief
Description of Prior Devel opnents. Rece adviances . i.r e design of
portabl e or nobil e el ect¥oftre—equfphent—irave rext at connect or

t echnol ogy keep pace with the trends of nminjaturization and functional

conpl exi ty. C@‘Elmatﬁ rlatedsyUi B pphcation iSeaial dies_need t o Bd-A6PE P
substantially densely packaged than was heretofore generally required. Such
board t ochéialed 1IxpsFatdd SomirRellef Miceomsnialthise Coadettor’ NUS cAppléctidrivo
printed circuit boards in an "nmezzani ne" configuration. Such uses require

connecto nly with | ., qPék o ' S, Wth
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must ordinarily b hi eved wi t hout significant sacrifi hani.cgl
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stresses because of the nature of the application. For exanple
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are dropped or otherw se abused. Such high stresses have the potential for
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Background of the Invention

1. Field of the Invention: The present invention relates to electrical

connectors and more particularly to electrical connectors which are used for
miniaturized, high density and high pin count applications.

2. Brief Description of Prior Developments: Recent advances in the

design of portable or mobile electronic equipment have required that
connector technology keep pace with the trends of miniaturization and
functional complexity. Connectors used in such applications need to be more
substantially densely packaged than was heretofore generally required. Such
board to board types of connectors are usually used to interconnect two
printed circuit boards in an "mezzanine" configuration. Such uses require
connectors not only with smaller contact pitches, but, in some cases, with
lower mating heights, as well. The resulting increased packaging density must
ordinarily be achieved without significant sacrifice of mechanical ruggedness
since such connectors may be subjected to unusually high stresses because of
the nature of the application. For example, miniaturized or mobile type
products are subject to high stresses if they are dropped or otherwise abused.

Such high stresses have the potential for damaging connector housings,




3 JI'~i 200 2 contacts and solder joints. Furthernore) the connectors

't hensel ves mi ght separate if sufficient retention forces are not avail sty ®o;
The "Dbl ade- on- beant connector design is comonly used for mniaturized
designs of 8nm and | ess. This design typically uses a single cantilever
beam type of contact for the spring contact which mates an associ ated bl ade
contact, which does not have spring characteristics. The contact beans
general |y can be of two configurations2 One such configuration is an edge
stanped or "tunin foréé configuration in which the contact i s bl gnked from
flat mat eCPRIAGH NI RiBtH0 Fustherasong dhe iconngclorsdesyselomight

housi ng so that the anked edge (%f the beamis .n,contact wwth the bl ade.
This desi GAPRERLC{HEY m&%@naﬂ%t OE‘:(?I’T’rﬂ@xn?:to%‘ferthlﬁti ons whi ch have a high

degree of conpkj.an an_k sily stamped. The i lev m geonetry
can al so be opltrlhrgﬁ ggaéﬁbgngfeaa i ﬁ%l){%ﬁéﬁ"& WEAT T %?ﬁ@g%éélﬁtlggﬁcﬁgoq.pr ofile of
t he beam I I ; S r L lsa € 5S
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| oner contaftildver Wehndbgbd bObéEiachifé£the sptiagicontdbewicivhagsain t he
contact in the housing is generally acconplished by individually stitching
t he cont aessodiatanl bleelchmurshngsvhigdh dbéenobhave spesigychamiotsrisises.ofha nore
conventional approach in which the beamis stanped so that the rolled edge
of the narentagt heams, genenadlnt can bl afHwontenfigunations. s case the contacts can
usual |y be stanped on the_sane pitch as the fina] configuration, and the
forms of the cOmesfichrenfigertion by apasgeryjamprechar efnngdarkng the die

t i ti . At th b I t it .

mechan cafPyEnTAL it “Oc tokdatiact B BeAGeLraR Mh B eRALARd oRRiedost
or oo : . - < . .
Thus ki 5y SEEgFpErftidindRTe iREPEIEHoRLid E HaCHE Bl Ced ol 10
machi ne sbaRAPR| i&tcon-EQE§“HMF%9foléHé?d‘Fﬁis H8sigh30a £ a8 8HvARLBeetHAOpl ate and

the contact surface is usually superior to the edge stanped type of

contact. comple# cohZ9Achtloriherhdels haweef hidndegicersf ourpliancoohadie gadigh of
| ess than 1mm and with mati ng hei ght of |less than 5nm often presents

parti cul astamped f iThel ¢cantdleiegnbpambgentaetrFoars aksiol b pptimieéd tHyestammpiagtan
require tightly contrqlled tolerance on the pitch to prevent shorts. This

requi r eneifteafiged shapedném the prafleefaby ksamndion example eneorstans sigessnd

h i try' |l. This. desi i, t her,. licated b
the-hi gn PREE ik s PRedol iruce dhians oM obe B oR R SERARER- whi oh
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these conmge trﬁéﬁnﬁhg JHAhR&IRAMT RCINK BHUSEld AbkoherdNiy R oRRSIIHIREL By | Ng
nmet hods are required, which can assure the dinensional accuracy as well as

physi cal #idieidgiailyoftitchéngtioeldshtadts ihto thehdushng.onal constraints of the
product requirenents.

An alternative design makes use of a more conventional approach in
which the beam is stamped so that the rolled edge of the material is in
contact with the blade. In this case the contacts can usually be stamped on
the same pitch as the final configuration, and the forms of the contact are
created by bending the material during the die stamping operation. Although
these beams are usually not quite as mechanically efficient as the edge
stamped design, they often are more cost effective since they can be mass
inserted or insert molded into the housing thus making assembly either easier
or less costly from either a product or machine standpoint. This type of

product is also easier to electroplate and the contact surface is usually

superior to the edge stamped type of contact.



There is, therefore, a need for an electrical connector that is not only

* ‘denser, smaller, but is nechanically rugged. This all needs to be 3 JAN 2003
acconplished in the context of |owered manufacturing costs. Sone of the(“
specific requirenents for this class of connectors may be that contact
pitch is from.8 -.5mm mating height is from8nrn-3mm connector wdth is
from67mm and pin count of from 10 pos:l- 200 pos. Summary of the Invention
The el ectrical connector of the present invention fills the above stated
need and Conprigeged ﬁlaﬁé%rﬁ{&mtwﬁar%bﬁmg_aifa}‘ 8t 1ds8aBlanoiirh Bd @tthve

| at eral support rreang, (i1) an 1tnsulative nediral lateral support neans and
(iii) a Qﬁadﬁgthaghﬂeal&s%\amsnﬁnfdffﬁ phaRaks pdirfiahlayBediffsultl o the
insul ative | ateral support neans, a second |ongitudinal sectional fixed to
t he i nsulpbblemsediiad ssiabippitth WEaRe conta@s reynaeeaiglitly cdntmilgdt totkraake
section interposed between said first |ongitudinal section and said second

| ongi t udiomathe pitchdw. pritvest chontse t Dhiswegludreat et forgingdisien secbaccwiasient
conprising (i) at |east one insulative support neans and (ii) a conductive
means ha@XeRas £ the coosest fpamsaand dousirg gesmetnyos apavelhsThiy A¢88Bupport

nmeans and an exposed 3 JI'1 N 2003 4 second | ongitudi nal sectjon which is
ot AREORP s R hen CQmPlicRed O dhg 1 681 A PeL LTS nernied: PY Lhe
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and a nedi projection having a ne urface and “opposed 1atera

sur f aces.tefperaBisal FehkSE LHHRECRrS @6ORE HEDEAniEARRIred a¥1iABlyA UrRghal
section and a pair of inner opposed |ateral projections and a pair of outer
opposed Imarufdctpriojgenicthods tare regaired, wiiidie tahassapalhe difndnsiowal

superi nposed over said first nenber such that each of said i nner opposed

| at eral p@coheacy engvell as pinisi¢al radrergthanfeie prioduspyathia the dimensionfhces of
the medi al projection of the first nenber and that each of said outer
opposed [ICRRSERRINEY of €rq PHrAUGH -eBUTABERES: t he pl anar section of the first

between sai d AAEEE hecelbhd MEsaPs Ao paricanogas6ead eahmuart el "
rember s hayiiag 498k Ak AULSLLERNALLERNS LS LIReggTROSed bet ween

said first and secon e 1thner termnal ends are in
spaced I @lcabhiPlishRdtifetHeebRtext dY IdWercEagRnRifadthie® BOISIG! | S6meRIRBES | S

i nterposed in contacting rel ation between one of the opposed |ateral

sur f aces spkcificerengiferheptofoarcthio Blayls dffwnrecsdrsnmalydse et anmetaof pithk isnner

| ateral projections of the first menber. The conductive nmenbers pass

t hrough érmoeB tHamamating baightiie Sramdmhedmme conngetprseidithrisdemrt i ng
rel ation etvveeg t.he pl ane}r section of the first nenber and one of the
outer | at’&PR 2PFHRBE T framy bR iwosct 209 RSt he recept acl e el enent, the

| ateral cavities of the nold L |

are at ei parti
pol yrmeri ¢ nol di ng conpound an@&—~a&i+ow —o—rorar-tig conpound to solidify

> filled wth a liquid
so as to for mmeggé&?i%@'cbﬁdeegqﬁe&*é&\égg gg{evﬂtg;gpﬁi1s%h&la%%es%a€each.

. Jeab
havi ng one of said conductive e enbe rern. I'n manufacturing

the pl ughetBard BESMPrisedVa fir§SeRRtkdth@ mBAkRlg GPxt feastoteflinkliBdive lakferae

i quid pol yneric noldi ng conpound.
support means, (ii) an insulative medial lateral support means and (iii) a
conductive means having a first longitudinal section fixed to the insulative
lateral support means, a second longitudinal sectional fixed to the insulative
medial support means and an exposed third longitudinal section interposed
between said first longitudinal section and said second longitudinal section.
This connector would also include a second element comprising (i) at least one

insulative support means and (ii) a conductive means having a first

longitudinal section fixed to the insulative support means and an exposed



3 '~ N 2003 5 Brief Description of the Drawi ngs The invention is further
described with reference to the acconpanying draw ngs in which: Fig. 31JANSO®
si-de el evational view of a preferred enbodi nent of the connector of the
present invention; Fig. 2 is a top plan view of the connector shown in Fig.
1, Fig. 3 is a cross sectional viewthrough Ill-1I1 in Fig. 2; Fig. 4is a
side el evational view of the receptacle el enent shown in Fig. 1-3; Fig. 5
is a top plan view of the receptacle shown in Fig. 4, Fig. 6 is a cross
sect i onal segoa@ lomgHiwghngl segtigmwhich isin gantastgvith the exposaddhifidse cross
sectional, view of a nold I ch_woul d be used in manufacturing the connector
shown i n lppgiudinal S%@W\é\g?h%ﬁT% ACWERbsver se cross sectional view of

anot her nol d i ch woul d be .us g.i manuf act ur | t he connector _shown in
L5 Dot sf kBt e BRhy Bt O&PQQE’GE%%%T&M%H%%%W@, to
Figs. 1-3 j, ne 10
whioh i eHiSq SORRER ARG I aBoll HASEABUR ARRELR YadhoRHIEHEL D

under st Ogﬁroﬁkﬂf&ed’@ hesR el ?Aagaéa %Chxl%%%'hﬂnﬁleﬁ%bxbﬁav}iﬁlgﬁgléﬁaﬁ SHoR S‘AQQ' e

el ongated section. At each end the plug has a guide fe e as at 15.

will be sgehapaetidiprajddtion RAvineth nediAEsiHESe bHidCOPPSIctelh téfal hefgrEed

| ateral supports 16 and 18 and a parallel nedial support 20. There is an
open space 21 Tiet medd dlbe incdudesla sagopdr moldmierabey davireg aadedial sapfont in
the plug. The plug also includes a plurality of opposed bl ade el enents
shown gerandp paizof ioner apposed latera projentionst and espaisldd @ager appased a
first section 26 which is partially enbedded jn one of the | ateral supports
and a sedBkHdalpEeicsHonS t@ﬁi%ﬁoné BRI 48 CRRa Rl RIPeINEHRFEITPOsEE 8VBDS ed

Detveen |53 el SR sRERIRL BEEL IS4 IS 158 PERERST LG S0t on

section. pos%tidﬁé&"a%l?@c?brﬁ the opposed lateral surfaces of the medial projection of the
first member and that each of said outer opposed lateral projections are
adjacent the planar section of the first member such that a medial cavity and
opposed lateral cavities are forward between said first and second members.

A pair of opposed conductive. members having inner and outer terminal
ends are then interposed between said first and second mold members such
that the inner terminal ends are in spaced relation in the medial cavity. Each
of the conductive members is interposed in contacting relation between one of
the opposed lateral surfaces of the medial projection of the first member and
one of the inner lateral projections of the first member. The conductive
members pass through one of the lateral cavities and then are interposed in
contacting relation between the planar section of the first member and one of
the outer lateral projections. In manufacturing the receptacle element, the
lateral cavities of the mold are at least partially filled with a liquid polymeric
molding compound and allowing said molding compound to solidify so as to
form opposed solid insulative lateral support structures each having one of
said conductive elements embedded therein. In manufacturing the plug, the
lateral cavities and the medial cavity are filled with the liquid polymeric

molding compound.



Referring to Figs. 1-6) and particularly Figs. 3-6, the connector also
‘includes a receptacle shown generally at numeral 34. This receptacle 3 JAN 2003
i ncl udes el ongat ed openi ngs 36 and 38 which receive respectively the

el ongated sections 12 and 14 of the plug. At each end the receptacle has a
guide pin as at 39 which engages a guide feature on the plug. Referring
particularly to Figs. 3 and 6, it wilP be seen that this receptacle

i ncl udes el ongated insul atiye batenal supports 40 and 42 which are

positioned in opposed par & se | ateral supports

a2 f: L :-’_
there is an n.space 43. A pluralit f .parall el conductive beans as at
e a6 oxt ERA RO % B L tst e d iBE ke rhod BL NS BedSmpadiind” o
Each of a first section 48 which is enbedded in one of the
| at er al é%g%orégglﬁam%@ﬁsecond exposed section 50 whi ch extends upwardly and

inwardly to cpR ads aogﬁico&ewgo%ﬁﬁsw%g@%ﬁ@%&%ﬁh@gﬁm%é! exed

position of the second exposed section wn a er tail 51 also
ext ends frOm&%édtbﬁbfﬁﬁg?r@&rﬂ&nvgﬁ{igﬁ[i ng to Fig. 7, a nold for

produci ng the receptacle elenent of the connector is shown. This nold
includes a fiFigt 2nislatoe phet viedv ohikled coaneetde shpwaf ira Fpg.ahar section 54
whi ch has a nedial proj ection 56. This nedial projection has a planar
medi al surf acligs8 israicedssperadional eiew throvglc 88-1BGnafig. 82. There is also a
second nol d nenber, 64 which has a planar section 66 fromwhjch inner
opposed | at erBig- frisjsidecpisvaonalivizy ofdhentscepiacipelameahspeyny t hese
i nner opposed, | ateral projections are outer opposed |ateral projections 72
and 74. The sk¢ond nol d nenber may be superinposed over the nold nmenber so

as to forma & _igg‘gm%@/%bg%gie%gg?&é pgp%ggélglskﬁ{ 'e%gtpii 'n456. Lat eral

cavities ?8 an orfre ween i nn@dr and out er

proj ections oOfgt 13T ieSectinen of the first
nol d nenber:o%sg ??S%ﬁﬁtﬁrﬁlﬁt he ntlgfﬁ'l%}\gg}ghﬁg\%lgzgéate (not shown) for
i ntroduci ng &rilgl qUst tRRANGvELsCOHReWdtibAkDviekeoMBdheld which &ickild|becasdd i es.
A narrow transverse connecting channel 82 would al so serve to connect the
two | ateral davingnesad@irangl tB86 cohneoirrghavn én Figsl 1-8; meacuf acture 3 . ! ~!
Pl 2003 7 a connector elenent, conductive nenbers 84 and 86 woul d be

i nt er posed bdtige8risthrangyerast erossrisetignabuiew of anathes meklutiich WalHder s
has a first inner term nal .end 88 ich woul d pe posi ion§d in the nedial

cavity 76. THE HSRIR PEBUWAGHENE MusenReer RROW LI EigShd Secti on 90 which

woul d be interpose . t he.inner ' j { .secaqnd nol d nenber
and the lateral su Q&M@ 1 B oftne P éic-e.(%g'?.du m‘?’%@‘u Ig’[; nol d nenber.
Qutwardly fr S i RREYELd d be
a third sect %&%gnghﬁgggg%gf% t%g ép%lsr%e:&?%ﬁed I né%%gplg?%ﬁtgggﬁgﬁlwg%ﬂvi ties
78 or 8Chukeralll Ofwisiedl isanale UPbf the elerghiied iseetioREEr andul 4]l evillpt er posed
bet ween the outer projection of the second nold nmenber and the pl anar

sect i on ldwetar, berundensitdodrnthbethe s@otwhielongeterk sbetienswahdajcdneddove an
exterior_ exposed section 96 with a strip outer terminal end 98. The pl anar
sect i on ferm: #single slonpgatgdmeaation. wotieacih snd thet Rivgohp® agHigsfeature@saald 102

whi ch d i il i, d . .Th il j | d
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avai | ablglupl orhfphed alsthinditded ApleeaRguathpsided slaldetdléxmen®s shbwnt he sol i d
| at eral supports in which the conductive el enents are enbedded as was
descri begtnabally at Afureeralel321ahd@d.i Bachakfethept diadehinaintds eefids¢rsectionl d be
renoved in a conventional nmanner. To use the nold as described above to
produce 26 pihigh it partieBy smbeddad s ons afdht latcrahsupparts|arndiqisegondul d be
at least partially be filled with a suitable polynperic nolding conpound)

pr ef er alieFHqN 24§ Cﬁr‘?ﬁ“&‘l’c d; e A, madighiSupmost nbh grRESeD REBUeRN tResgECTRA

e A e L R R R A

solder tail 32 also extends outwardly from the second section.




and nedi al supports in which the bl ade conductive el ement as descri bed
above woul d be at least partially enbedded. Referring to Fig. 8, a nD“pJﬂN2%3
specifically adapted to manufacture the plug el enent described above is '
described as follows: This nold includes a first nmold nmenber 152 which is
made up of a planar section 154 whichghas a nedial projection 156. This
nmedi al projection has a planar nedial surface 158 and sl opped | ateral
surfaces 160 RBferdi6ig. tolh@Ee1Les, ﬁ{@%aﬁtiéﬁ&ggﬁjp‘{%@[ 3-8t EoAREc bty has a

pl anar section 166 trom whi ch inner opposed |ateral projections 168 and 170
depend. mdludeslayrespptarde showr fasaallpngm@peesied4) attds akcgstackcincdngesr e
outer opposed lateral projections 172 and 174. The second nold nenber may
be super¢lopgated openingseSomand 38 vildchseceivetrospectively thdieddngstedty | 76
above the nedial projection 156. Lateral cavities 178 and 180 would al so be
formed b8ecHRs LRanhAdrofdhe plugerAtfpeagteenddhe receptasle basrmigwuisiedpireader
and the Igﬁar agftion of the first nold, nenber. i.S conmeﬁ%;g?al) t he
mol d wouttSHAVBICR GREARSEBUHOlsRf UFo PR theRIHEC i RYCHIRE RATHCHAT HY
conpoundgxi nt he Jredi and lateral .cavities. .A parrow transverse, ..
connect i NS¢ a%wgp,ié%u G ﬁe&a@@tggﬁéectegt%%lﬁdggﬁléﬁeﬂp%a 2 ‘é}'sétﬁa%ﬁ/i ties
178 and I i | I turg t .

conduct i ol tBrig 1o T dnldh SROHbATLHLD 8 GRRAREH Bhracl Shkion,
menbers. e H@g@ | j N 1@l end 188
whi ch mﬁ?ﬁﬁﬁ&%ﬁhﬁ%ﬂ%ﬁ I th(EaS me ig%%@??z&ls 7%.Et41aﬁengrgﬁg§%tltg}i% menber s
woul d al pardiil cadsetios beaets h@&twﬁamﬁimewcﬂimepFa§@i pelaeidnbiebieen t he
i nner projections of the second nold nmenber and the [ateral surfaces of the
medi al peagleof tineseofateted stippeirtstoEdchmfithese Betwer Hhy af firan sehdonet®Hnd

section of the conductive nenbers there would be a third section 192 which
woul d beWpish i§ embgddsddneonst of Hee laderalaunnorts pad a pecenrd e8Dosed f ourt h

cectl on 10O e FOReLL e TEnler Yoll Jhg, L pLetpcsed, beiee i outer
| d i | d..al 3. J!! 03
Ay T TR SR T Y

pl anar sgcshon Afsoldér il §1 4186 exRIHefroWPl dfiRsY seQidLRgOPPOSEd bores 200
and 202 which would receive pilot pins 204 and 206. These pilot pins would

engage the coRefeetihgeomgbel & meidfeHrodiRing o eécdbplendbnrrdof thei s nol d
woul d be used to manufacture this particular plug showmmn in Fig. 3 in the
same waycameuwdsr ideshowhedTaisavneld ncadesat first mblchmidrebenbad wihiehnisi n Fi g.

7. The nmethod of this invention involves nolding the housgﬁg around the

n
cont act smagearp #p prijaanr secHan Fawhich hastamediahprojection ffucThis medielr

t han nol di ng .t het nopl asti c hoysin nd bsequently inserting or stitcghing
cont act spﬁ%‘%’%‘?rh%laﬁ(ﬁgf% . mpH1qlm%g?%e0§§§§1dt ﬁ@pé’GF}tl&E‘?@E SPERSEY eﬂnan
continu ri.p: h i of, the fin appl.ication, For example.,

cont act ST o terBifhiee s SRebid roid PRmndigs WRCRINS ShiabBt SSREH | o o
t he st angpi i f i Gt tr is
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thousandigeedf fram tHesR. infiee OpPakYd IARFR] PEL]CPESRS 2P DUEHBPpOSedIRAErI0
perform bends in the stanmped strip, but In any case the contact strip is

t hen pl guregedtiines TReambld. &ite ptemid encldtraeirdderirmapiiedsdpenioyoded fover
contacts, preserving their spatial relationsh%éhto one anot her. The cont act

carrier t&ﬁrﬁﬂp@mﬁfb e¥ Remsrienfovara raedial kavisy f/éhabevethe sradial projegidon

noust ng S LALTES ESritn 18 0k 80 BYOu o0 hepraed DS oIS A | 1 el y

det i b . - ded h i Si th tact t el

embedded T PRUEHBRS e oA P merhREr b8 A PRRGR Bh R ehCbeam i s

uni For Mo BEaor: NRY G bOnbleHBhAS thE B whuld Bade W feR0MHGE al [ ovs
or heavier wall thickhesses and nore Gniformstress di Strrbution as

conpar edsHowrd ok iih&ldatcig aq&gnar}%[diﬁg dibouMfgntd bige ﬁ?é&iﬁ%n&%f@r??
defl ected during use. This secure contact will |essen the potential tor
stress raavitied.i Amarrowhiganenémetcdigfeatisg chameslind evduldedlss saiveotn of the
plastic material and will result in higher contact forces over the |ife of
t he prodgamnechshe swpdataral oaviticsr7iande8Gmhnfusingthigmedd fodsanuftiire N
2001 10 Preferably, both contacts of the connector, particularly the
cantil ever beam contact half (receptacle), should be nol ded simultaneously
for a nunber of reasons, Miltiple piece designs would be nore costly than
single piece ones. The structural integrity of a single piece design would
be better in a one piece design as conpared to nultiple pieces, and the
tol erances or variability of a one piece design would be | ess. However,

. o - L, ..



The plug portion of the connector is simlarly nolded as a one-piece unit.

" Again) in this case two contact strips are placed into a mold and w th AN 2003
appropriate coring) the contacts are secure in a plastic matrix. In this
case the contact portion is nolded at a slight taper so that proper

"seal -off' can be 3 J2',N 2003 mmaintained. In this particular design
the coring provides an area underneath the contact area of the plug which
is devoid of plastic material, and tie contact beans are supported by a bar
of plastic material which enbeds the ends of the contacts, This bar is
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where the connector spacing could change. The permanent bars could al so

i nt er f ermembdrs stddd erdmesedin 2icoheentiorkd ménhbe board assenbly when t hey
are plugged together.

To use the mold as described above to produce a plug the lateral cavities
as well as the medial cavity would be at least partially be filled with a suitable
polymeric molding compound, preferably a liquid crystal polymer. A suitable

molding compound is VECTRA available from Amoco. The molding compound

would then be cured in a conventional manner to produce the lateral supports
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coul d preferably be nmounted to the top of the connector housing with

| at ching features or by sinple friction fit to the connector contacts. The
cap thereby fornmed over the connector contacts could be utilized as a

pi ckup cap for robotic placenent and protection agai nst contact
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has been geafanthidcribedodtbefe isQlestribRdtdiefallodfser red enmbodi ments of the
various figures, it is to be understood that other 3 JAN 200 13 simlar

enbodi ment s neEfhisenokkihcludevdifidst aholdheariseralBl twitdoh isayadie upeofeat o t he
descri bed enbodi nent for performng the same function of the present
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which inner opposed lateral projections 168 and 170 depend. Outwardly
spaced from these inner opposed lateral projections are outer opposed lateral
projections 172 and 174. The second mold member may be superimposed
over the mold member so as to form a medial cavity 176 above the medial
projection 156. Lateral cavities 178 and 180 would also be formed between
the inner and outer projections of the second mold member and the planar
section of the first mold member. As is conventional, the mold would have a
gate (not shown) for introducing a liquid molding compound into the medial
and lateral cavities. A narrow transverse connecting channel 182 would also
serve to connect the two lateral cavities 178 and 180. In using this mold to
manufacture a connector element, conductive members 184 and 186 would be
interposed between the two mold members. Each of these conductor members
has a first inner terminal end 188 which would be positioned in the medial
cavity 176. The conductive members would also have a second section 190
which would be interposed between the inner projections of the second mold
member and the lateral surfaces of the medial projection of the first mold
member. Outwardly from the second section of the conductive members there
would be a third section 192 which would be positioned in one of the lateral
cavities 178 or 180. A fourth section 190 for the conductive member would be
interposed between the outer projection of the second mold member and the

planar section of the first mold member. Conductive members would also



(a) a plug conmprising (i) a first plug insulative |lateral support neans,

(ii) a plug insulative nedial support neans, (iii) a first plug condudtjAe0s
bl ade nmenber having a first longitudinal section fixed to and enbedded in
the first insulative |ateral support neans) a second |ongitudinal section
fixed.to and enbedded in the insulative nedial support neans and an exposed
third | ongitudinal section interposed ®Yetween said first |ongitudinal
section and said second |ongitudinal section, (iv) a second plug insulative
| at eral shayan extemer expdsadoseadiam 18ppuitbd strimoiiter teomsaatiendrld8. The
insul ative | ateral support_neans, (v) a second plug conductive bl ade nenber
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first recmptactseasandipprioachdanhahefastedtige this mbadseof peodungsardthestthan

| ongi tudi nal section fixed to and enbedded in the first insulative support
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relationship to one another. The contact carrier strip can be then removed,
and the pitch is preserved by the housing. This procedure is an improvement
over stitching contacts into a housing, where the relationship of the contacts
to each other is entirely determined by the pre-molded housing. Since the
contacts are completely embedded in the thermoplastic material, the base of
the cantilever beam is uniformly and securely held in the plastic matrix. This
procedure allows for heavier wall thicknesses and more uniform stress
distribution as compared to a stitched or mass inserted part, when the contact
beam is deflected during use. This secure contact will lessen the potential for
stress relaxation of the contact because of permanent deformation of the
plastic material and will result in higher contact forces over the life of the

product, as compared to alternative manufacturing methods.



4. The electrical connector of claim1l wherein the first and second pl ug
‘insulative lateral support neans are el ongated and positioned in par&UMeRo0]
relation. 5. The electrical connector of claim4 wherein the plug

i nsul ati ve nedial support neans is elongated and is interposed in parallel
rel ati on between said first and secondgplug insulative |ateral support
means. 6. The electrical connector of claim1l wherein the first and second
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i nsul ati ve nedi al support neans to be enbedded in the first and second pl ug
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second plug insul ative | ateral support. 8. The gel.ectrical connector. of
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mold. The "seal-off" area at the interface between the plastic housing and the
contact should be a flat area preferably with an interface angle of less than 45
degrees. In the case above the contact beams were molded at less than 45
degrees and then bent into position by means of a pin or blade that could be
inserted through an aperture in the bottom of the connector. A second, and
probably a preferred case would be to design the housing so that tooling can
be placed on the outside of the connector contact, from the bottom of the
connector and from the top. This procedure allows an open bottom in the
connector structure. The two halves of the connector would be designed so
that the shroud, which protects the plug contact would mate internally on the
receptacle as compared to most designs in which the shroud is external to the
receptacle housing. This prevents the connector from becoming too wide, and
allows for relatively heavy walls to be molded at the base of the receptacle.

The plug portion of the connector is similarly molded as a one-piece
unit. Again, in this case two contact strips are placed into a mold and with
appropriate coring, the contacts are secure in a plastic matrix. In this case ‘

the contact portion is molded at a slight taper so that proper "seal-off" can be



12. The electrical connector of claiml1 wherein the receptacle open space
is laterally interposed relation between the first and second recept 3cjaq 2003
| at eral support nmeans and the second | ongitudinal sections of the first and
second receptacle cantil evered beam nenbers. 3 JII'N 200 18 13. A plug for
use in an electrical connector conprisging (i) a first insulative |ateral
support neans, (ii) an insulative nedial support neans, (iii) a first
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insert molded in place. That is, they are formed prior to molding rather than

after it. In this case the precise nature of the mold tooling helps to define the
co-planarity of the contacts, rather than bending on plastic material, which
can be a source of considerable variation. The bottom surface of the connector
is flat providing a barrier to flux and other contaminants to the contact area,
as compared to conventional designs in which there openings underneath the
connector to accommodate the lead thickness and bend radius.

There are applications for board-to-board, mezzanine style connector
system where connectors are required to be applied in tandem. This might be
required to accommodate pin counts beyond the design capability of an

individual connector or process, or to give stability to an otherwise unstable
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10% & Oég\%ous method is to carefully fixture the two connectors with external tooling
that assures the correct relationship between the two connectors. This can be
readily accomplished in limited production circumstances where cost is not a
major problem, but could prove difficult and expensive in high volume
applications, where multiple fixtures would have to be built and maintained.
Another approach has been to mold the two connectors together with a
connecting bar or bars. this would be adequate in very high volume
applications which could justify this type of tooling approach, but it could
have limited use in relatively low volume application or in cases where the
connector spacing could change. The permanent bars could also interfere
with other devices on either side of the board assembly when they are plugged
together.

Another approach to this problem would be to have an external molded
interconnecting bar, that could serve as a disposable fixture. This bar could
preferably be mounted to the top of the connector housing with latching
features or by simple friction fit to the connector contacts. The cap thereby
formed over the connector contacts could be utilized as a pickup cap for
robotic placement and as protection against contact contamination. The
cap/fixture could be removed after soldering and recycled. These could be
molded relatively inexpensively in a number of different lengths and spacings
and be made available in a variety of custom configurations.

It will be appreciated that an electrical connector has been described
that is dense, small and mechanically rugged and which can be efficiently and
economically manufactured.

While the present invention has been described in connection with the

preferred embodiments of the various figures, it is to be understood that other
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similar embodiments may be used or modifications and additions may be
made to the described embodiment for performing the same function of the
present invention without deviating therefrom. Therefore, the present
invention should not be limited to any single embodiment, but rather
construed in breadth and scope in accordance with the recitation of the

appended claims.
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Claims

WHAT IS CLAIMED IS:

1. An electrical connector comprising:

(a) a plug comprising (i) a first plug insulative lateral
support means, (ii) a plug insulative medial support means,
(1iii) a first plug conductive blade member having a first
longitudinal section fixed to and embedded in the first
insulative lateral support means, a second longitudinal
section fixed to and embedded in the insulative medial
support means and an exposed third longitudinal section
interposed between said first longitudinal section and said
second longitudinal section, (iv) a second plug insulative
lateral support means positioned in opposed relation to said
first insulative lateral support means, {(v) a second plug
conductive blade member having a first longitudinal section
fixed to and embedded in said second insulative lateral
support means, a second longitudinal section fixed to and
embedded in said medial insulative support means and an
exposed third longitudinal section interposed between said
first longitudinal section and said second longitudinal
section, and (vi) a plug open space positioned so as to be
in generally coaxial relation with the plug insulative
medial support means and in laterally interposed relation
between the first and second plug insulative lateral support
means and in lateral interposed relation between the third
longitudinal sections of the first and second plug

conductive blade sections; and
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(b) a receptacle comprising (i) a first receptacle
insulative lateral support means, (ii) a first receptacle
conductive cantilevered beam member having a first
longitudinal section fixed to and embedded in the first
insulative support means and an exposed second longitudinal
section which is in contact with the exposed third
longitudinal section of the first plug conductive blade
member, (iii) a second receptacle insulative support means
positioned in opposed relation to the first insulative
support means, (iv) a second receptacle conductive
cantilevered beam member having a first longitudinal section
fixed to and embedded in the second insulative support means
and an exposed second longitudinal section which is in
contact with the exposed third longitudinal section of the
second plug conductive blade member, and (v) a plug open
space positioned to be in generally coaxial relation with

the plug insulative medial support means.

2. The electrical connector of claim 1 wherein the first
section of each of the plug conductive blade members has a
terminal solder tail which extends from its insulative

lateral support means.

3. The electrical connector of claim 2 wherein each of the
receptacle conductive cantilevered beam members has a
terminal solder tail which extents from it insulative

support.
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4. The electrical connector of claim 1 wherein the first
and second plug insulative lateral support means are

elongated and positioned in parallel relation.

5. The electrical connector of claim 4 wherein the plug
insulative medial support means is elongated and is
interposed in parallel relation between said first and

second plug insulative lateral support means.

6. The electrical connector of claim 1 wherein the first
and second plug conductive blade members extend upwardly and
outwardly from the plug insulative medial support means to
be embedded in the first and second plug lateral support

means.

7. The electrical connector of claim 4 wherein a plurality
of generally parallel plug conductive blade members extend
from the plug insulative medial support means to the first
plug insulative lateral support means and a plurality of
generally parallel plug conductive blade members extend from
the plug insulative medial support means to the second plug

insulative lateral support.

8. The electrical connector of claim 5 wherein the
receptacle insulative support means are elongated and

positioned in parallel relation.

1
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9. The electrical connector of claim 6 wherein the first
and second plug insulative lateral support means are
respectively superimposed over the first and second
receptacle insulative support means and the plug insulative
medial support is interposed between the first and second

receptacle insulative support means.

10. The electrical connector of claim 7 wherein the first
and second receptacle conductive cantilevered beam members
extend upwardly and inwardly respectively from the first and
second receptacle insulative support means to contact
respectively the first and second plug conductive blade

members.

11. The electrical connector of claim 8 wherein a plurality
of additional conductive cantilevered beam members extends
upwardly and inwardly from the second insulative support of
the receptacle in parallel relation to said second

conductive cantilevered beam member,

12. The electrical connector of claim 1 wherein the
receptacle open space is laterally interposed relation
between the first and second receptacle lateral support
means and the second longitudinal sections of the first and

second receptacle cantilevered beam members.
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(i) a first insulative lateral support means, (ii) an
insulative medial support means, (iii) a first conductive
blade member having a first longitudinal section fixed to
and embedded in the first.sub.-- insulative lateral support
means, a second longitudinal section fixed to and.sub.--
embedded in the insulative medial support means and an
exposed third longitudinal section interposed between said
first longitudinal section and said second longitudinal
section, (iv) a second insulative lateral support means
positioned in opposed relation to said first insulative
lateral support means, (v) a second conductive blade member
having a first longitudinal section fixed to and embedded in
said second insulative lateral support means, a second
longitudinal section fixed to and embedded in said
insulative medial support means and an exposed third
longitudinal section interposed between said first
longitudinal section and said second longitudinal section,
and (vi) an open space superimposed over the insulative
medial support means and laterally interposed between the
first and second insulative lateral support means and in
lateral interposed relation between the third longitudinal

sections of the first and second conductive blade sections.
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14. The plug of claim 13 further comprising a receptacle
for use in an electrical connector comprising (i) a first
receptacle insulative lateral support means, (ii) a first
conductive cantilevered beam member having a first
longitudinal section fixed to and embedded in the first
receptacle insulative support means and an exposed second
longitudinal section which is in contact with the exposed
third longitudinal section of the first conductive blade
member of the plug, (iii) a second receptacle insulative
support means positioned in opposed relation to the first
receptacle insulative support means, (iv) a second
conductive cantilevered beam member having a first
longitudinal section fixed to and embedded in the second
receptacle insulative support means and an exposed second
longitudinal section which is in contact with the exposed
third longitudinal section of the second conductive blade
member of the plug, and (v) a plug open space laterally
interposed between the first and second receptacle lateral
support means and the second longitudinal sections of the

first and second conductive blade sections.



