-2-  ~ mating and unmating require that the pins be thick enough or

rigid enough to endure these forces w thout damage. Tradi ti onabersv mes
connectors have, therefore, been relatively |arge so that the pins could
be designed to withstand these forces. 5 Density and pin count
are often vi ewed i nt erchangeably, but there are inportant differences.
The density refers to the nunber of contacts provided per uni t

| ength. In contrast, the nunber of contacts or reasonably

wi t hstand t he natlng and unmating forces is 10 ea 9de pin
count . As nore functions becone |ntﬁ§ nlconductor
chips or on flexible circuit substrates and rovi ded on

printed circuit boards (PCBs), each PCB or flexible CIrCUIt must provide
nore inputs aﬁdf&é -out-put-s 1/,Gs). In addition, many system conponents are
capabl e of opéhit 6h5aﬁA$dsneg speeds than preV|oust The connectors
used i n hi ght speediflifai€3 t o- bgard (i ncl udi ng both PCBs and fl exible
circuits) confmunicarions ey be treated li ke transm ssion lines in which
crosstal k and noi se becone 20 significant concerns. The electri cal

per f or mance of hi gh- speed board-to-board conmunications is, therefore,
dependent upon the anount of crosstalk and noise introduced at the PCB

i nterfaces. "LOW RROQFILE BLECTRICAL @GONNECTORYr ound of the 25
invention are described in ternms of connecting PCBs it should be
understood that the invention should not be [imted t her et o.
Specifically, any reference to PCBs herein is i ntended to include other
circuit substrates such as flexible circuits. 30 Di mensi ona

m smat ches in gQRYYNIONHe GHUVMBH Y al so degrade the systems

el ectrical performance. __ Specitically, the size and |ocation of the
connector pins and lwﬁﬂﬂnEﬁﬁiﬁpQﬁlﬁYﬁP?&&WrEF%%H%%c%%re%%9t6+F?%r
resulting i conmedtTrad) e lmtlwlmqr,, id 1die pHdE B Rt ests
35 pattern of % nmal e and fenal e connector 3) ;éévely’ di ffer or are
slightly nlsal|&ﬁé&sﬁth?(ﬂqgﬂquiﬂ9|9ﬂ§ﬁq¥ﬁ: %% %3FK#L connecti on

may be i npairedrrangement.

Background of the Invention
The rapid development of electronic logic devices

10 for data processing and communications systems is placing
rigorous demands on electrical connectors. Increasing
integration of solid state devices, combined with the need to
increase the speed of data processing and communication
systems, requires that connectors have higher densities,

15 higher pin counts, and better electrical performance than in
the past. '

Conventional connectors have traditionally used
male and female connectors. A typicél male connector
provides a number of rows of pins extending from a connector

20 housing. The housing of a typical female connector provides
a number of rows of receptacles. The pattern of receptacles
is intended to match the pattern of pins on the male
connector. When the male and female connectors are mated,
the pins are forcibly inserted into the receptacles. When

25 the connectors are unmated, the pins are forcibly withdrawn
from the receptacles. The forces applied to the pins during



- 3- Density, pin count, and e.ectrical performance are

related to one anot her. Design factors should be bal anced to optim ze
the connector in ternms of its density, pin count and el ectrical
performance. Density can be increased by 5 decreasing the distance between
contacts and by increasing the nunber of +@ns in a connector. Increasing
the density may al so i ncrease the pin count because 1) nore pins are
avai | abl e for nagtAgoasdcduWRMEtIRT Heuudrehitdivdr tdengiins be tduesnaugh or

linear tolerancegqier eRichg®S tRldri NG HENBHAJIGED JitHRT Hfaer aged
over nore pins. An |,nqre%§e I n_contact density Jmay, however, "adversel

affect the el ecEFPEAIIoNage COHNRGTOF HaVife €5 HRee GSel kAprae
i ncrease by kb n@ang thiee piinzs doula deosiasigred Nid wiltthsaahdntidmy . fhhees.
addition of rows to incr et t |ty may..al so 15 increase the

el ectrical path length oﬁ?%fsgln s&?ﬁgﬁmgﬁg@ a/reovélefrt?’ﬁemfo%"%ter -to-board

i nt erface ther ebptesdheinggabiy spadd thensf axee igypoimyamdndliiffexeasiany t Hthe

potential for NaLREscy refers to B RIdRAUNYE icorddtie budhiRAId JUr WAL

: r .
mechani cal orces gppl I ed when the connector 1s mated and unmat'ed. Sone

20 connectors h&®8IE8en d@siCHREFAT: r Sdifc @UReEe qfpcantagrs o iagitipt can
contact el enent sebl@aha®ivernd thsanithardat it and iRt riep Faadel S 1

from her maphrodi tic _connectors. Exanpl es of such connectors are

di scl osed i . §.‘afI§51r§%t eéﬁo.as the gl %,n i'ssued to Anmon on February 25,
1975, and U.S. 25 Pat ent Adp.mcxe) B Bitlions sherbrie Roaddratedilonon May 24,
1992, respectlyel : A r af ed
bIade-on-bean1c%ﬁﬁ§€¥%fé&§£%ﬁQ%ﬁggggﬁfg%{%%?%ﬁ%;%(§%§§¥§§u§d%éﬁ%ﬁﬁﬁ$ and
contact is conplPxft chiPiFe@fico RUSYHASSh fiTe RIGHS afh & reuifohipagids hP (R ded

contacts are cogpkhabicn) JrOWa\EHiblld & iHduid0 AN pricyi FOMIE iGRANRES taH$
iIs limted by tol erances, i sed on,the contacts fromthe contacts of

the mating Cohn@UEBMESA (I |'anciTh G HHRR o WA, SYISFeThSAMRARSATE &Fe and
t he di nensi ogapabliehefc apeatitsiorn atedagtet tapgeday ittampradapiailsy. The

nor e 197 OE PRSI T SRS JoLe R R i aing, ok
count . PCBs and flexible circuits) communications may be treated
like transmission lines in which crosstalk and noise become

20 significant concerns. The electrical performance of high-
speed board-to-board communications is, therefore, dependent
upon the amount of crosstalk and noise introduced at the PCB
interfaces.

Although, the invention and background of the

25 invention are described in terms of connecting PCBs it should
be understood that the invention should not be limited
thereto. Specifically, any reference to PCBs herein is
intended to include other circuit substrates such as flexible
circuits.

30 Dimensional mismatches in conventional connectors
also degrade the system’s electrical performance.
Specifically, the size and location of the connector pins and
receptacles of the mating connector may differ resulting in
an unstable connection. Moreover, if the pin and receptacle

35 pattern of a male and female connector, respectively, differ
or are slightly misaligned, the electrical interface provided
by the connection may be impaired.



-4- A contact connector functions by bringing netal

contacts, that are typically attached to electronic subassenbl i es,
together with a specified amount of force or conpliance. The force

requi renents are, to sone degree, 5 dependent on the application,

envi ronment and surface finishes. However- 3it-is generally accepted that
under the best of conditions, with precious netal platings covering the
contacts, a mnimum cont RENFicnbe RIM AVIRE 3RRH Asefricak RN Fexmance are

Mbdern data pr 096§§tea 20d creNMkY L ¢Rl] onsaeagqprﬂ%pwss Sl dT8% HU Mhedd to
paral l el board stacking arrangenents in whi CQHE[ g nar, surfaces of

printed circuit 9PtiBdZPd thes EARIERES OFr &1k SfTaS SRS ity o R Aty .and
I'n m ni at uri gedcsystans pelrEolﬁnaGh@&l r albemdiay ediic &d hedqrreaiddd bhp o

hei ght of the c nnect ors that |nt r.conn the pri rcuit board
St at e- of - the% cEoRAgES, §%6 talnf g’veweenprco q:I CLHe'eiagrﬁi A I}ﬁ)"'cﬁﬁs@%

-*4.0 nmm with theeanmbent &t rowsspaciangeongfectisout Inanedku rgr ddrerohitsi tiyhe
mni aturi zationg ?isgo%ﬁz e‘a's%Ctt'h‘é“ % 'cTodrft (ife% \ﬁ% gyt %Jl%v GRhnagd ors

with 20 profile ﬁglé ts as ow or t han cont act spacl ngs
of approxi mat el $veidaphe for matmg a%&W%t @ Pt highayydensidit in

connect or deskdlcks €he! 1igeas aldlerkinider Yebedm @mm%gmf dfR Qlnmating
provide a plurali t\éFof contacts attached to a _housi ngsp Thus
|

in
m ni at uri zed %coRREERSr BFEnAVEFRAFE L 6YET FRFS BT ve lncr’ﬁﬁﬂq ify contact
conpared to I abdemﬁ.tyomaqr,sme&es:t s adveraldly taffect t:h:aste]sacgm:fcadant

cost fact or N bBECBLAMEL! 0F the? ey ot NS i 4% aspeilee oy

t he contacts to ar e ree a5|c e
assenbl i ng cont hmngcbngoﬁh@cmm into closer Pl’PXlﬂStht & rﬂj“ﬁ:cﬂﬂca‘d‘t@ i nt'llhe

plastic housinggadition of rows?to M%%%éa@'%erttﬂé%&ﬁ'ﬂc%c%dﬁ td1s0
housi ngs; and 3. Idln% a plaiﬁbﬁﬁgouiﬁgg‘aroun a strip
of 35 15 1ncrea§5np§@t§1ectrlggéh qn%ﬁgnsmltted
advant ages and diwegdrant &gasd-to-baatd hmmame&tyeéeﬂddir@dhmﬂwa
can vary of the system and increasing the potential for noise.
The pin count is limited in part by the mechanical
forces applied when the connector is mated and unmated. Some

20 connectors have been designed to reduce these forces by
providing contact elements that extend from both male and
female connectors or from hermaphroditic connectors.

Examples of such connectors are disclosed in U.S. Patent No.
3,868,162, issued to Ammon on February 25, 1975, and U.S.

25 Patent No. 5,098,311, issued to Roath et al. on May 24, 1992,
respectively. (Contact connectors may be referred to as
blade-on-beam connectors when one. contact is static and the
mating contact is compliant or beam-on-beam connectors when
both of the mated contacts are compliant.) However, the pin

30 count for contact connectors is limited by tolerances imposed
on the contacts from the contacts of the mating connector. A
balancing of the elasticity, maximum stress, and the
dimensions of the contacts is required to provide an adequate
normal force between the mated contacts for a stable

35 electrical interface. BRalancing of these factors may in turn
affect density and pin count.



consi-derably dependi ng on the connector design, program econoni cs,
product variations, etc. According to the first

nmet hod, contacts are i ndividually stitched or pressed into a plastic
housi ng. The housing is provided with preforned hol es through which the
contacts are inserted. This nmethod requires i4ndi vidual 5 handling of each
contact causing the process to be tine- consunm ng and relatively
expensi ve. Moreover, indiiaumct conmagtdnrfwictimady brniegind thetal

pref or med i nsey to;;g%@ ®thac 41 WAATANG deddaciidl ddieTetAgis: My ot
be securely the housing. 1 second d.third
net hods have asb@tatsétembllﬁcﬁ'eﬁtq%tr\“er}‘r WHER fasRSFiGE c?é‘i%u,nrsl%gef?ﬁ% or

elimnate the com‘pe_a%rrﬁe_e han¥ Iﬁtg:'cm‘ ﬂé@ﬂﬁuﬁeﬂweﬂraorﬂcacsmdtdegngeehe
connector assenbly p cess '[_ﬁese s tr%qwtllxoor]%éryt and f£c hat t he

contacts be %t ce’nters rreans
center-to-cent Erlnijgneanceioweve(n,ef:er rneﬁ genexaliy tmﬁpmmm%t%h%n

the origina  pedil AW, fé:]l%dss %%ﬁgiﬁﬁ%&é‘%edﬁq%lrﬂﬂﬁ tdvdi Dhg hele

connector. In partic uralit ontacts attac e

det achabl e car cicgtasts,p 3 snngtzawed:qsmafiﬁ foxq8 i9f FOF %m%%els
material form QR iGyact strip. The detachable carrier strip can be
used to hold a pIurallty of contacts | t ane

"mass i nserifon” syst ensMOLHR "saa?’émé???l’e‘?g angl%?%’ﬁ‘éﬁlﬁ?té?ﬁﬁed |nto
the insertion hrgforintts plestinge 2arhimest rtg: ﬁxfa]daaflr imraxtbtstoacbleg st ri p

may then be renoved fromthe cqnt t

variations bet RESTIIELE adt s"ﬁéln %F i’ Fespective é)%c&ﬁngéﬂngéamg§t8ﬁ%
i nsertion hol eshoatzhia aFaEet e srmre cronneead raxallel eﬁ@e‘éfb%oafmth}%‘é In
housing. 30 ﬁxﬁcfig&“é&%ééhé he:.ﬁ hd & Ché@if&ﬁle tth:? ﬁdﬁéé Otfhe profile

contacts are flrst aced I n mol d. The nmold is gh with.a
plastic matdpi AT \Mtﬁ’tﬁbt'sé?% the s‘é‘b’tﬁ%‘l’%ﬁ’m ln‘%Fﬁ)‘b‘?’F?%"ﬁt dfie k@r%ﬁ?‘aot s
in the housing.ciAelt thsardast iState-dfstlseiart heommarst ougs care dent kyrokade

fromthe mol d and {ie heights of about 3.5 - 4.0 mm, with linear contact
spacings of about 1 mm. To accommodate the miniaturization
of modern electronics it is desirable to have connectors with

20 profile heights as low or lower than 2 mm with contact
spacings of approximately 0.5 mm.

Another factor that is significant in connector
design is cost. Generally blade-on-beam connectors merely
provide a plurality of contacts attached to a housing. .Thus,

25 in miniaturized connectors, material costs are relatively
small as compared to.labor or conversion costs. Usually the
most significant cost factor in the production of a contact
connector is the assembly of the contacts to the housing.

There are three basic methods of assembling contact

30 connectors:

1. Stitching contacts into plastic housings;
2. Mass inserting contacts into plastic housings;
and
3. Molding a plastic housing around a strip of
35 contacts.

Each of these methods has many advantages and disadvantages,
and the costs associated with each method can vary
considerably depending on the connector design, program

economics, product variations, etc.



35 detachable carrier strip detached fromthe contacts. Insert nmol di ng

elimnates the need to handl e individual contacts during the insertion
process, thereby further reducing the

-6- processing cost. Both the connector pin count and the connect or
density may be limted by using insert nDIdrng =~ since conventional insert

nol di ng processes produce connectors wi_th only g |n | e row of contacts.

The requi r eneRECBFARATGI R LRt LdFSTsIR offCRLACER &FE limits
the potenti al sziﬁibm@himcgﬂﬂsehea bhepressedt anto St pipEngcghbdelinges The

I ndicate that it is, no desira f t d
contacts tunﬁ?ﬂf%qﬁn*svffﬁﬁtd?g %ﬁaﬁkgggrae %EﬁgsgﬂgF?bh Qh&r% L
gui del i nes anaduﬁté¢ﬁéomed 1nhertedtac?blﬁawebboﬁwrggéérGﬁ inddyBreaded to

too nmuch str %%‘é' éxchS&aﬁeaee eangmﬁg thedE§b9€§§ te blkarkmeet al
strips to pr V|d% nar rower contacts th ness of the nEtﬁgal

strip are fragi¢ensuming @mﬂfF%EPFlYﬁlﬁaFﬁPSPﬁlvﬁbreH@E?oVFEdu&PﬁdV
wi dt h and 15 t hj ckaessoRf of hecfieatast shitughedheepire€oenedt insartion holes

e L o

ness rere
Si ngl e beam congriséddadr iml tyer bqusingthat they be 20 firmy anchored in

t he connect 3r8ct since the,st rg%%—%%dn%ﬂt? q._rl.g_ “%@jﬁ;d’g gd«Rs A daAsds of the

cont act def i on usuaII ase of the contact in the
area where the potenniattfog uﬂta@ﬁ§61VolPHéC@@ﬁﬁecﬁépcﬁoﬁgﬁﬂge'ﬁ%%?%?? the

anot her reason déé%ér%édhaadwﬁghegsma ahayRd dule eemtaets Juringledid able
in mniaturized connectors - thére is reasonﬁggﬁ rtalnt t.hat tqi
contact base i sCeBRBEEPY 3EFBBPLYIPEPCLRE - ﬁbEF% °ﬁ5u§F§§ itionally

gr adht i onal | yt irf@égeenenaer tﬁentaﬁﬁacft@r be stampedc oinn g herim tfdsh icihedli t
oards in a_stacked arrangenent i

housi ng in &°di FRREPHA- gg&?tﬁ&&&ﬁa?‘?b ?%% %% (9h°%d- e%&%&n%légaﬂééna

anar sur ace of printed
circuit board. (reférrbdstot aerémm@h"bemqugna@qn@@lct@r qm@suqmlantrwluse

stamped strip is the same as that required in the finished
connector. In particular, a plurality of contacts attached
by a detachable carrier strip is stamped out of a strip of

20 conductive material forming a contact strip. The detachable
carrier strip can be used to hold a plurality of contacts
simultaneously.

In "mass insertion" systems, contacts are either
latched or staked into the insertion holes of a plastic

25 housing. The carrier detachable strip may then be removed
from the contacts. Because of potential dimensional
variations between the contacts and their respective spacing
and the insertion holes, the contacts may not be securely
embedded in the housing.

30 According to the third method, the strip of
contacts are first placed in a mold. The mold is then
injected with a plastic material which sets to securely embed
a portion of the contacts in the housing. After the plastic
has set, the housing can be removed from the mold and the

35 detachable carrier strip detached from the contacts. Insert
molding eliminates the need to handle individual contacts
during the insertion process, thereby further reducing the



traditional stanped on-center contact strips and insert nol ding, with
existing materials and processes, to design a 35 connector with contacts

having both the requisite conpliance to provide a stable electrica
i nterface, and achieve the desired | ow connector profile height. For
exanple, U S. -6 - - 7 - Pat ent

3,193,793, issued to Plunkett et al. on July 6, 1965 di scl oses a
connect or desigfot@s#bhghcastaxi Bunhcbheaconaechor pis prunkdaddt sheptinize

the stability of t%gtskeaéh%;g@i/ may B&eiigiee&hb&euﬁﬂg%ﬁgegtt he1eaagect or

hei ght proflle OB ey e ector disclosed | unkett, et
provi des thesecadqanva§§é°b91féPFSFFlﬁ@lﬁFBE HEH§?F§eShP§H BER count

and the benefitsnassestat dehi bhlynaeé&ngmledrag of contacts. U.S. Patent
No. 5,083,696 Issued to_Kan et al %C%gs n hoIQ|n%t%$¥| S for use
in connect|§g printed 16P& FEFE G@EP&SO f@&tgrrangene Swever

t he pins ar getitedst Dipeesunhsat pptennnadt whdahdandnthiskaekedof the
arrangenent sughnthat th S8BRSS! hﬁfidg&lhggr%dﬁaeet that! Gi-eughaggeabl e

without at |eaSP™ ofe, there is a
need to prOV|déeaxs&hbéetbohﬂéskpaostrépc@ﬁn@@Féﬁ ﬁ@vpﬁgdéc§u§§P&ﬁF¢§IIy

maxi mum pin Coﬂgﬁlng £Hes §'R¥dtﬁ§d1§QQSEﬁﬁhl@hbiroﬁhhﬁkhegbeCtEECQhese
per f or mance can be produced_b | ow- cost process, th as insert

nmol ding. 10 suifaljnes eKe Fﬁ&eﬁ?#&ﬁwﬁé the contagts Ra¥qPes thisted &F
by the present suByeat:eantbntoo W(lt:hhs&rbgw pr afidie ioaaddgt osthapinge punches

electrically connecgtin t. b h
R e o A e e
are provi ded. Eaah ehecthuckhessnbﬁcthhameaaﬂlS$r1@5a@#dfgasaﬁﬁea@ﬁ belng

electrically Iag?ﬁggﬁﬁ‘é f.ﬂct H\aaﬁtalgf e?roct ootk | eaduefing ¢hkCWilithoand The

housi ng securesS rical contacts_.and has_a mounting
means for 15 tbacknesst 8éhithg CHBLRGHS AGY: Fegheec theyel essxi¢also t hat

the first set gbr¢ephanke @ ehd LoRmedtori0¥ing@ the compliance of the

contacts can be expected to decrease as the width and
thickness are reduced.
Single beam contacts normally require that they be
20 firmly anchored in the connector, since the stresses that are
generated as a result of the contact deflection usually are
highest at the base of the contact in the area where the
contact is attached to the connector housing. This is
another reason that molding the housing around the contacts
25 is desirable in miniaturized connectors - there is reasonable
certainty that the contact base is securely supported by the
connector housing.
Traditionally, the connector contacts for
connecting printed circuit boards in a stacked arrangement
30 have been designed to extend from the housing in a direction
orthogonal to the planar surface of a printed circuit board.
It has, therefore, been impractical or impossible to use
traditional stamped on-center contact strips and insert
molding, with existing materials and processes, to design a
35 connector with contacts having both the requisite compliance
to provide a stable electrical interface, and achieve the
desired low connector profile height. For example, U.S.



30 substantially parallel to the circuit board and with at | east a
portion of the contacts being wwth the second ends of the first set of
el ectrical contacts being unsupported. The connector preferably

provi des a second set of electrical contacts that are al so secured by
t he housing so that the 35 second ends of thhe7 second set of electrical
contacts renmain unsupported and the second ends of the first set of
contacts Patent 3 193,793, issued to Plunkett.etg al. onefut¥défr dfP>S

the housing to Cﬁ%% (eYaTel n
In a preferred\ég'r%%%' ment el ectri ca{éen gfr;rt?act SCh §Q¥rlaeﬁg?1§feg@ft§%§gtt gﬁga
beyond a natlngawﬂnﬂwmﬂﬁﬂ(ﬁotQRFEW%ﬁﬁnﬁRﬁcﬁta@¥ﬁ%ﬁyd?€eF%%tg BCpFefFerred

Sgggg' ”f‘gt at he 1nteexl£]f‘43é lvfj}?urﬁc)QiéEraiCxﬁitSziaa@mebfds@médaeohonsi@gctprbmmea U
nmore preferred enbodi nen t

substantial 1y %W%r'ccfﬁiﬁ |"a‘?f3ée‘bta%’éadlo X °sere15§ Y Cﬁiunk‘?%en% %i ph%k&ﬁe@

r.el ationshi p: Xhese advantéyns1hy4i¢2¢¢1¢£mm3hlghs@@m$}tx znggangln cppnt

whi ch: tHd Yddesd 1% J%esec L 0L wﬁﬂainéefeemeiamgael ectrical

contacts requi PRF (B Hrovi i nter
L is the length of the eve%trPééﬁnéoNPac%O“ 696 issued [O; §aPh§t\Ma§th of

the el ectrical fQu@aidss pln holdlng débiéeéhﬁoihu@énQﬁScﬁﬁné561ﬁ§epkﬁncaH
contacts; E i e elasticijt the el ectri conta p%%%

S[errx is the rRbAFHIE s@‘?%%%s o¥ntihes%zf‘%}6?¥| REFaBGEPERE act Oweve?h

Sl (ict rical cgntasy@é suggdef@cb @émimmhycmnwheanchoardhl inaa staakgd of about
nm to about O. c t i natlng

housi ng and a Fﬁﬁg?mf%%ts%ﬁhe? c%r|€§I8%%% §§na§f b ¥§8Erg§| eg

25 el ectri cal cnmuemnhamgeableBW1ngogbtaha%eastl$9meeﬂ§mé§9abpethe Eﬂnﬁelng

mated to an el ectrical l?ﬁgrQEFQQOtEﬁEFQ'Eguhtneede@rﬁrdvﬂaénﬁ'éﬁ&ﬂl@ﬁidﬁl
secures the mating set ectrical contacts and_has a nounting neans
for use in 15 profile connector having a substantially maximum pin count,

density, and substantially optimal electrical performance
that can be produced by a low-cost process, such as insert
molding.

Summary of the Invention
20 This need is fulfilled by the present invention in

which a low profile connector for use in electrically
connecting circuit boards together is provided. According to
the invention, a first set of electrical contacts and a
housing are provided. Each electrical contact has a first

25 end capable of being electrically interfaced with an
electrical lead of a circuit board. The housing secures the
first set of electrical contacts and has a mounting means for
use in attaching the housing to the circuit board, so that
the first set of contacts extend from the housing

30 substantially parallel to the circuit board and with at least
a portion of the contacts being with the second ends of the
first set of electrical contacts being unsupported. The
connector preferably provides a second set of electrical
contacts that are also secured by the housing so that the

35 second ends of the second set of electrical contacts remain
unsupported and the second ends of the first set of contacts



attaching the mating housing to the other circuit board so 30 that the
mati ng set of contacts extend fromthe mating housing with at |east a
portion of the contacts being substantially parallel to the other
printed circuit board and with the second ends of the mating set of

el ectrical contacts bei ng unsupported. Thg sating housing and the
housi ng are 35 capable of mating to one another so that the electrical

contacts of thefidid Hebmatice cheesingatbyards ethaceecond hends ¢fiethe second
el ectrical contsaectt squf the mating set.

-9 - PRrAFeTred enbodi ment, the housinE and the mat i ng
housi ng are capabl e of iBbteal preiaygredt embadhmenker the elgchrdecpér contacts

preferred e”bOQ%H§Q£ 148 HOUSkPEn@NdeyBRd "Rt hAFing PEOPELEHCET 6¥i €Rean
i ndi cation of the pol?%rlty f th conneg ned

0 e b5 t or. he co
hei ght of thE IeRRASRF¥Ad tFe %ﬁt?%ﬁernaﬁbﬁgiHﬁeBﬁﬁﬁeﬂaF%B°é}Tﬁn62Eh§nother
is preferably |easctPidal coppPaorsmakeeyd3fbomnthdhrodsshgnte HetrmeanUt he
centers of the electrical contacts, i ; e [ . S not
10 exceed appr '%@Eel%nO?Smﬂﬁ? bPEEErrtd 3&$%§£é§§5f??§§|g§§% ¢ gfof t he
first set and tdentacts esrovidé goasthstanvialhy aptimglseemplianaeabasedr en

bot h prefen%%&&&gg%gg Eﬂeggégggggﬁéﬁgglgtﬁ?hgﬂg?reference of the

respective connectors 10~ provi IbStant i a gp fnal 15 conpli ance
bet ween t helfated contacPsa ¥nébHEPHT ef-eFred® 2Lenfddi nent, the housing
conprises a |atghipgi dgchani smand t he mating housing conprises a mating

| at chi ng nechani sm such that the lLatching nechanism an e ti .
| at chi ng nechani sm argmopé?a5#3 anFQP@thFQaﬂa?Pﬁﬁeths%Eﬁ ggefgglcal
housi ng. 20 A peenesstsoremmiiired &d pwowide laa edectstical

according to the present .iny lgn is also provided. According to the
I nvention, a first strip BFe%%% s

AAGCt i ve material is stanped to forma
first set ofiSelectrical L isothecflengsh of &her edecsrHcRdd COR&FEESFhe first

ends of the 25 first set of; £hee! LJigRh eI e £13@ MiafieRitactennect ed
together by a detachable strip. The first set of electrical contacts are

mol ded into a housing tolf &SmtRe &RiskIEss of the electrical contacts;
- E is the elasticity of the electrical contacts; and

Spax is the maximum stress of the electrical
20 contacts.
The electrical contacts preferably have a compliance within a
range of about 0.1 mm. to about 0.2 mm.
According to the invention, a hating housing and a
mating set of electrical contacts are also provided. Each
25 electrical contact of the mating set has a first end capable
of being mated to an electrical lead on another circuit
board. The mating housing secures the mating set of
electrical contacts and has a mounting means for use in
attaching the mating housing to the other circuit board so
30 that the mating set of contacts extend from the mating
housing with at least a portion of the contacts being
substantially parallel to the other printed circuit board and
with the second ends of the mating set of electrical contacts
being unsupported. The mating housing and the housing are
35 capable of mating to one another so that the electrical
contacts of the first set are electrically interfaced with
the electrical contacts of the mating set.



connector substrate. The first set of electrical contacts extend from
the lateral face of the housing and each 30 electrical contact preferably

bends at an angle so that at | east a portion of each electrical contact
ext ends beyond a mati ng reference of the housing. Af ter
the nol di ng step has been conpl eted, the - Betachable strip may be

detached fromthe first set of 35 electrical contacts to forma |ow profile
connect or . The | ow piZof &l prefrnsetoempedimess bdheommadiag andh 18 nt ed

circuit arfx? f{? aﬁsmg gLectapsBheCcant aﬁtérmbckhagf Wigh %@tcremer&
- 10 - par a o inted circuit board g seco%p ?pd
the first set oine@%@%h?%aPrESﬁFEE?seBQPﬁ@mGHEUpﬁg%t 3“51ng an

preferred embodhggaingt peotpasi ag phdycdesoa of thespoaadlsgcaﬁdtmmnnect|ng
portion and flrst and_ second end 5 portions such that the connecting
portions and S5t hECBAY = “Tportions forma rectangle, with the connecting
portions serving as tFael epgbineds herighte efardiee havwsime andl the (TN

serving as the gidL0aqolnbhenbPehaigke- ohl hiicenBieliel padreradiiodidBytohan
second strip of "con Udt Pve material 18 st anped g orn1at%Fcond set of

el ectrical contaPPECKaBRRGLY 3eboRB- TBPeQéFEPHFﬁe eIWesE the Feens 12k

ends of the secppd é%cehcalebaﬁtabeél g anpaefe rieid) emboditeims | agsdatot
by a second det achabl e stri g sScond set of electrical contacts may
then be mol d8d EREESEhBPREGEIMGEESYt RaP Mle el ectrical 15 contacts of the

second set extend fron1thmeomddaﬂnmaﬂl1bnn£actsﬁoﬁluhduﬁﬁﬁsg]s&ﬁwam@ the
el ectri cal conta ts,of e I r
‘he first and s& Sﬁarlcgg chhtskes o g Eﬁa ﬁa%x %&edaﬂﬁéﬂg%fﬁfg”ﬁoth

eterm ne es ar stantl e sane
I n anot her pref preédrebﬂ\wdamﬂled tive eeqt@@sir b@éﬂon@o acéﬁ*ttdé’tgs r@rf@%%?rﬁ)éﬂf dimhe

their respectiv C hgayg a5 15 eipsd i
about equal to ?ﬁ%ﬁ@E@&%& Egﬁpeccg@goﬁ'?:??ﬁv]\ﬁ%?% I n tl}?ﬁiﬁls slljvbst nth:il y

equal | y {1 asgmplhéppetﬁetﬁﬁ§ﬂaﬁ@§ BtRde FODSRSES iVl
el ectrical contggbpdilmént,Mhe RRisahgedoripddiese latdamﬁﬁg mmm and

consecutive ele% g'%%kl%%n %ﬁéin%r%S%afi%%EFd %&tlng latching mechanism such
that the latching mechanism and the mating latching mechanism
are operable to latch the mating housing to the housing.

20 A process for making a low profile connector
according to the present invention is also provided.
According to the invention, a first strip of conductive
material is stamped. to form a first set of electrical
contacts having a predetermined shape. The first ends of the

25 first set of electrical contacts are preferably connected
together by a detachable strip. The first set of electrical
contacts are molded into a housing to form a low profile
connector substrate. The first set of electrical contacts
extend from the lateral face of the housing and each

30 electrical contact preferably bends at an angle so that at
least a portion of each electrical contact extends beyond a
mating reference of the housing.

After the molding step has been completed, the
detachable strip may be detached from the first set of

35 electrical contacts to form a low profile connector. The low
profile connector may then be connected to a printed circuit
board so that the electrical contacts of the first set extend



approximately 0.5 nmor |ess. A process of using |low profile
connectors accordi ng to the invention to connect circuit boards

together is additionally provided. According to.this process, a first

30 low profile connector is connected to one circuit board so t hat the

el ectrical contacts of the |ow profile connecier- extend laterally from
its housing parallel to the circuit board. A mating |ow profile

connector is copaealedlt @cathe pyamued circwiit beard sdtihathe weainstienidslof

contacts of the_35 nating_|l ow prafil ecrLon 1 ddgits
housi ng paraIIngFogaﬁgtsgggn c%&gﬁgfq%%gr8&8$ﬁ§%%$?%?iﬁ%$ﬁe£&¥brofjIe
connector is then connectled & @naferrad RyRligenii |the housing provides a

connector in a gfagked ar LARYLIEHorsR dehdly i tdlitdic Eirst ol adcord end
respective connectors oppose one anqther to t_E;.ng;::owde an el ectrical

i nterface betwePRTERENS SGH tHdk FHie COTfRS B¢ (DSt h
respective conNnNgeteisnal &crmiaereiakinglegmtiitantt et ddmesdteicty ipgatt ions

i nterface. \ An el.ect.rical c or. [ | '
conprises a houSPRY RS ATy A dGH rlflggs g%]%g%ee ragapi e%ét]%r%é;cttem?e éﬁg%f%ns
substrate on whselrviihg keusiheg wisiths I8f hwtnartangle i 't thig prefgrred

mounting surface dangaed | b AR IR IEPIoH | Rtic M Wdderiempend doak
nmounting surface; and a plurality of vableiggntacts extending fromt e
first contadO moenforp 2 safascSeuat ERECTRET o fORTACH J‘arﬁ)‘t}i'é i §9ron
novement t ongrd qard rided ragdie wids IR efirsta qridmned niler seatdmy set of
the substrate ang a | gngi.tudi nal .axi.s .of the houysi e
preferably cant F&Wé&gﬂr (ﬁﬁqq"r?é:tcsorﬁea?ﬂg cobth ?&ngdos%ﬁe}é%xg&?% ?ééoﬁé
preferred enbodideaichalile cmtiget Thermendnd sab fok electridmgarrntaces eay
mounting surfaceye, pe molded ﬁbrgc;%{'}?féeé ql{or%?ssﬁ%a' dife i dib & Fidt and

a second adj acent "Circul a substantially 20 paralle

rel ati onshi pl§ s cangagimoRiidhacannh@ato eHend f5RmkHihe Png ntakgrat F3¢y
embodi ment, t he (FORBRC i, ASRE MUWards GHEId TS 18 dd Y SdorU RS Iof ,the first

cartied by the Sethoudithg: TRIF ETH RSO o R TRy T T99RS
predetermined shapes are substantially the same.

In another preferred embodiment, the electrical

20 contacts are stamped on their respective centers. The
thickness of each contact is preferably about equal to the
width of the contact, which in turn is substantially equally
to about half the distance between consecutive centers of the
electrical contacts. In a more preferred embodiment, the

25 centers of consecutive electrical contacts are separated by
approximately 0.5 mm or less.

A process of using low profile connectors according
to the invention to connect circuit boards together is
additionally provided. According to this process, a first

30 low profile connector is connected to one circuit board so
that the electrical contacts of the low profile connector
extend laterally from its housing parallel to the circuit
board. A mating low profile connector is connected to a
second circuit board so that the electrical contacts of the

35 mating low profile connector extend laterally from its
housing parallel to the second circuit board. The first low
profile connector is then connected to the mating'low profile



25 connector on a first substrate; and a second connector I nt er mat abl e
with the first connector and conprising an I nsul ation housing and a
plurality of electrical contacts carried by the housing. Wen the first
housing is mated with t he second housing, the distance between the
nmounting surface 30 of the first housing and ithe-nounting surface of the
second housing is preferably less than about 3.5 nm In a nore

pr ef er abl e enbodonmeattotheénpkusékickedohroamgerestc ®a itd@thyrhe ellestfrictl

housing are MovaBLEaLOWaLd LBEERNALENGoREIAGE dDioppoddBrd IsHo I A o

and the plurality contacts carfie _ 5 second housi ng are novable
toward the nounPrAyiser pacelertrisal igtegi@ceomedsesn the circuit boards.

--12 - B{:eghgeégéEEEﬁQgIOthhgc@bgﬂfn%%th respectivﬁ?&%ﬁﬁéﬁﬁéfs are

i nvention wi e hett under st.ood an i tS numer.qus S an

advant ages w1 | Ph& Gﬁégiﬁng ppt atr&P@r?ﬁ@&Qﬁiﬁ%%aH%%%é?%qﬁjdetailed
description of the 5 i nvant iedreathdcalalkemriartoonjaomwirdiman ttd e {ovdmui og
drawi ngs, in whigh. . . E h jkgp ' f rof i
connect or accorgﬁﬁgrfgeg SrEPSF%QEIgﬁﬁgééhéth%¥ﬁﬁ gﬂr?%%%%f?%#; fgtgg %éée
Figure 2 shows & supstirakeoPnawidchnheoRonsdnia ds tochenaauatast @i ixst

a preferred embgdhegpt Rbuhleng suRfeRlel @lsposed in an angddre r3A HHiMsHip
cross sectional side view of a

_ preferr.ed enb%ginqnt of a low profile
connect or and a¥ih |HSSESCFO%OngﬁlW@“@&ﬁﬁ@bFWF'Pﬁeanaﬁﬁhété& 5% Pt
Fi gure 3B showsmavables coathictaalextietdivigeirein ahe firadtedoert sarth atburaingf
"onCt brof e CRuRERe Wi SRl 13R, cor Al ol RN, IS
el ectrical cont dewardnaadpawshar fadme thedispbstrate: ia a planentingiersecting
Figure 5 shows ehgoe%gwagal aTI0$S 198l YA iRa12 axi Pl FHL KRN MERinOf
a low profile gonnector and a natln% | ow profile mating _connector in a
mat ed positilsnh; contacts are preferably cantilevered from the contact
mounting surface. In a preferred embodiment, the contact
mounting surface is orthogonal to the mounting surface.
A connector assembly for joining a first and a
second adjacent circuit substrates in a substantially
20 parallel relationship is also provided according to the
invention. In a preferred embodiment, the connector assembly
comprises a first connector, comprising an insulative
housing, a plurality of electrical contacts carried by the
housing, and at least one member for securing the first
25 connector on a first substrate; and a second connector
intermatable with the first connector and comprising an
insulation housing and a plurality of electrical contacts
carried by the housing. When the first housing is mated with
the second housing, the distance between the mounting surface
30 of the first housing and the mounting surface of the second
housing is preferably less than about 3.5 mm. In a more
preferable embodiment, the plurality of contacts carried by
the first housing are movable toward the mounting surface of
the first connector and the plurality contacts carrxied by the
35 second housing are movable toward the mounting surface of the
second connector.



25 Figure 6 shows a cross sectional side view of an

al ternative enbodi nent of the invention; Figure 7 shows an
alternative enbodi rent of the | ow profile connector according to the

i nvention; Figure 8 shows an alternative enbodi mrent of the 30
mating | ow profile connector according to thel2nvention;

Figure 9 shows a | ow profile connector substrate according to a
preferred embodBrnbef Bescriptiesnofythe Drawipgssi| ed Description of the

| nvention ATHaD pHeRWY idived irWille i neaitsr Ahdsrstheyd 254
in Figure 1. Afirst set of electrical contacts 14 are, 4 secured Qy a3
housi ng 12. Eacht8oREREEFOHSs CRIFCES: 38y afyantgaes wi ecome apparent Dby
- 13 - a secefidrendel8o the Colflaestingexdetad liekodesdrapsiain fodfc b
contact nountin 0 Si:n0g WL the 0 18 bei ng
unsupport ed. hgnﬁgéé?ggnéggTGES %t é%bgntggngIEQE§§%%E@%ﬁ<§§¥¥§§f%%th

i nput / out put | eduswdhgs, pirnwddch:circuit board (PCB). In a preferred

enbodi nent, the first  reRAsel6 Qfhdhe £UEHRGHRWRISE & SXowSBEbE DL &oUNt the
connect or 10 on its nounting .surface 21 to a surf“%ce .of theofci r.cuit

board (not showRPRBECERE: 2FRETAING o2 HFrefergd £"PAHRSH °f i%m the
housi ng 12 wi t hiatreheash;a portion of the contacts 10 being parallel to the
circuit board. It shoul d e dess Nar i t f |
means can bé‘carried by tlﬁequ% ?ou%% o : uh\{lﬁe%lzann%c oré)tjb&}t?@%le
particul arly prconnectpr seiceadimg tie af prafeames eebastimentPGyE the
Alternatively, ;,vbReibhr.st ends 16 can be arranged for through hole
nmounting 15 in tﬁe PCB. Therefore, t.he use of only the first_gnds,lG 0

the contacts for nountind X othetiNs td ‘i’?%ﬁ%%‘?%lc?ﬁﬁjeliﬂ e view oi a
illustrative angreSef@ed @hndaddthent RE ld Tidw Mrofile connectobhearid rstmateing
of contacts 14 Qrefera%L& extend from., a contact nDunHyn surface 13a of
the housing ¥ APYaRTQAGE SOTRSSREH 1oh&T IS HSSK egree and about
60 degrees with respe®@igurd 38 pdhows & ¢rtwssmeedttiionslrsxde Plewfof ha

connector 10. IBr@%%E@%@?%d@Q%%MéH@“&% érf%d”ﬂy6¥¥lénﬂﬁﬂﬂé5¥or and a mating

low profile connector in a mated position;

Figure 4 shows a three-dimensional view of the
20 electrical contacts in a preferred embodiment of the
invention;

Figure 5 shows a longitudinal cross section of a
preferred embodiment of a low profile connector and a mating
low profile mating connector in a mated position;

25 Figure 6 shows a cross sectional side view of an
alternative embodiment of the invention;

Figure 7 shows an alternative embodiment of the low
profile connector according to the invention;

Figure 8 shows an alternative embodiment of the

30 mating low profile connector according to the invention;

Figure 9 shows a low profile connector substrate

according to a preferred embodiment of the invention.

Detailed Description of the Invention
A top view of a low profile connector 10 is shown

35 in Figure 1. A first set of electrical contacts 14 are
secured by a housing 12. Each contact has a first end 16 and



surface 13a is substantially orthogonal to the nounting surface 21. 25

In a nore preferred enbodi nent, an additional or second set of

el ectrical contacts 20 are provi ded as shown in Figure 1. In this
preferred enbodi nent, the housing 12 has a rect angul ar shape such that
the two sides 13 and 15, correspondi ng to ¥he I ength of the rectangl e,

serve as 30 connecting portions of the housing. Each of the contacts of
the second set alsecedfpendedBa fThet CORGAES St 6XEERCeAFRR Ry latergl FacepEex

and a SeCORd endodfatber mbahbing sdreheet nizeabf hgusﬁhﬁfﬁaCWﬁmHﬂthéIﬁﬁddﬁﬁ
contact. The connect or density can wi. t ho creasin

overal |l length &P ?hé%geéﬁﬁn BF’BPPB te%c:or% lﬁ&'tt % %ge%t egfcon acts
contacts 20 intean bet hatkefaced wathThaph@dguﬁ@uzzl&B§@ pﬁeﬁe@mﬂqﬁed
provides a éfkéuk@tﬁphga Z?€E§nlsth%r§g%b%QE@a BRI RREE!, Ot HeP 8 rst

- 14 - At i | N~ connec scrib el ow the mating contacts
according to thenfavdht PEntirecONSFEESI RESf FLEs Udkd to S CORRKFHIY

be hel d toget hego bn! i‘EEhh\BQnE&ﬁ @u&*fla%% 21 it @I gherfaldey oo ltdrd d‘a‘n:tdhitd”le
housing 12 as shown in Figure

conne n this err
enbodi nent , BPBV@déEog ﬁﬁ‘f’wﬁ‘(ﬁ B & Eﬁaﬁg trli‘gcﬁdﬁl §mste%at°ff %el fena
| at chi ng mechanggsmWwehi hb&sh@gchmnglmmchanﬂemstzz.pﬁrtlontmﬁanﬂe;aﬂnuduts

I at chi ng ”ﬁé&@nbgggaféggg g%gt%% QY rcgéS board E%Q%H%&%&ﬂ%% é?éfgfood

view of a connect accordin prefe
enbodi ment of thbat vamiowsi @rypeISn ofthimoumtdnesy m@m rb@mcartm@dwﬁw righe

connect or 30hb§s§.ﬂ%§ @mm'oﬂlnlr)’ t?riernéo@fnetc‘%otrh%d:qméem pja(i'tifw’!fhﬂlfy prior

Figure 1 (first set and second set, 14 a 20, of n havi n irst
ends 16 and secSRdSEAdSTridg, t@ﬁté&Fﬁ@me 1fs ot cmﬁﬁf W%%XGG
as i s explai nedchel QWrsEhends rmt icag ey sirGnbeds Hom uhrd-aggurrmne inowrltsing

xcopt1 on oftsofB BPE BoBocd NTAL OREy SEeolo G A i Bigly BN 26 of
enbodi nent as i shal sontepita fed helwwin) the connedtiqpute IAesRERE i gramsly
sectional side !hﬁWs@&éﬁT%e and is not intended to be limiting.
The first set of contacts 14 preferably extend from
a contact mounting surface 13a of the housing 12 at an angle
20 between the range of about 1 degree and about 60 degrees with
respect to the plane of the mounting surface 21 of the
connector 10. In preferred embodiments, the contact mounting
surface 13a is substantially orthogonal to the mounting
surface 21.
25 In a more preferred embodiment, an additional or
second set of electrical contacts 20 are provided as shown in
Figure 1. In this preferred embodiment, the housing 12 has a
rectangular shape such that the two sides 13 and 15,
corresponding to the length of the rectangle, serve as
30 connecting portions of the housing. Each of the contacts of
the second set also comprises a first end 16 for interfacing
with a PCB and a second end 16 for forming an electrical
interface with a mating contact. The connector density can
be doubled without increasing the overall length of the
35 connector by incorporating the second set of contacts 20 into
the housing 12. The housing 12 also preferably provides a
self-latching mechanism for latching the connector to a



| ow profile connector 10 and the mating | ow profile connector 30 in an
unmat ed position. A PCB 24 is preferably electrically and nechanical ly
connected to connector 10 via the first ends 16 of the contacts. A PCB
26 is preferably 25 electrically and mechanically connected to the mating
connector 30 via the first ends 16 of the mrati4ng contacts. The housi ng
12 of the connector 10 and nating housing 11 of the mati ng connector 30
preferably prowatsngteimekion. Apoisidmscribed belowetbe eppeingucbatasts

28 and 29, 30 rgfc‘?ﬁré IVl o %#@V!h\}éhfi&w@xg‘ﬁt o%pos:m% forELGULEQ3B shows

a Ccross section I ew connector 10 an connector ‘30 in a
nat ed p05|t|onthQ¥3f°§ﬁmeF¢41%?mp?lﬁﬁ#% tegrRtReBpped %%F?hb@g mgchagigy 22

of respecti ve fywﬁémafy tmdmé@c&aﬁ@etlﬁé\l)h&@slﬁmﬁgﬁt@QE‘éfi@&n 3R kegkirag
t he housi ngs togeth pronptes a staéo e electrical 5 %I?fb?ﬂbet ween t he
h

contacts, since At qgFonnector, 1in ttbb%s?’fﬁ’??ffle gment,
connectors nayﬁmavﬁdaﬁiqymatxhg|quch1mgnmemhanmsmrtbatpfafmerabaehg-

connect ed. ARGl T £ e SFac LlEnd WOORAAIENd %221 o868 |

contact of the connecr%% ressed agai nst correspon secon

18 of the mati Meteddme@brtizd Wlﬂgtwmﬁﬁé‘aa@%sﬁﬁ%bﬂdtbgbﬁﬁer I n

ordgar. to provide an agl €2 eéﬁé%é'&%o?”i&éfnaéﬁ hefuween t".ﬁSwCBErb%(itl%
a m ni num nor nal force etween_ fhe inter ?

C
appr oxi mat ety FPHEGHROT S8 AFTAFING ki F e ‘?h%”aﬂ%gbrﬁﬁ’égl A§ EBBtacts
shoul d have endugfermirgl ] aniteclals tpweferred eshivo@inmé?t aAnth84mabingovbAfetbor

requi site nor C The t €, n re.p erably
novable in a ma;odl rsrecﬁqﬂ?) %év}'/ar@g %'%flé);fé%n? e %&é’#%o% ‘E? a%ﬁgwn 0

i ntersecting bdtiguree PO arsk s¢torgpd mﬁmdmts, o4 tamd s2@e 96 obntaets
connector in Wéﬁﬁ&effféﬁ 3é?z§c§s AL HeEUEEELRE @ﬁ@é"f‘@)he eRCESE CESPL the

conpl i ance. hr ee- di mepsi onal vi ew of el ectrical
contacts 15r1%§ﬁﬁﬂﬁe%%%ﬁp¥ﬂﬁxﬁﬁqﬁﬁﬁl?% hodm 1% erpiainedheldven The

length of the eRidiand shdugdingd her vékibin oin thbgepet acis 4bsoagdostantially

similar to the housing 12 shown in Figure 1, with the
exception of some differences that may be provided in a
preferred embodiment as is also explained below.

20 Figure 3A shows a cross sectional side view of the
low profile connector 10 and the mating low profile connector
30 in an unmated position. A PCB 24 is preferably
electrically and mechanically connected to connector 10 via
the first ends 16 of the contacts. A PCB 26 is preferably

25 electrically and mechanically connected to the mating
connector 30 via the first ends 16 of the mating contacts.
The housing 12 of the connector 10- and mating housing 11 of
the mating connector 30 preferably provide interlocking
portions, such as the stepped surfaces 28 and 29,

30 respectively, shown in Figure 3A.

Figure 3B shows a cross sectional side view of
connector 10 and mating connector 30 in a mated position. As
shown in the figure, the étepped surfaces 28 and 29 of
respective housings fit to lock the two housings together.

35 Locking the housings together promotes a stable electrical
interface between the contacts, since it reduces the



20 the thickness of the contacts (h) are defined. In a preferred
enbodi nent, the contacts of the connector and mati ng connector both
provi de conpliant contacts so that the ef fects of dinmensional m smatch
of the contacts can be m ni m zed. More particularly, beam on-beam
connectors have a 25 mating reference at whichsgtbe contacts theoretically
I nterface when the connectors are mated. For exanpl e, connector 10 and

nating connect OEo%Qsllha\w.cey raiamgmefcejmors Fm s hovwa 1 Ngrie @ uder Sisg
Therefore, in thi

s pref.erred t he tol erance or conpliance
(y[err]) of t he COBRESHEOMET SR %%&’%*%?%nn‘?c%%w ng equati on:
Y[err] Y[err] Y[err] As shown in Figure 3B, the second end [8)of eahbre

ylerr] iis the mc%:n 00efd §51d PhrHeddisr Cﬂm&fcect LR Minst PgOviding the

requi site nornal orce for sustalning an |nt erface and a/[err]
i s the nmaxi min ¢orreanandisio t3ReFE @ ad . OfrHd % PAMRT ePrReEteR, 30 when

ylerr], is deterrmen% At tre mdted hododhed NQrd eiﬁdeﬁns@lpronde an

Y[ =P 413
M3e ) 7 Tlahe! dcaubee Slectrigal 4nterfage ROFHRER RSFORLACES of 3 Fignimum
el ectrical normal foard dsdtweamuitedintepfaviny ecnedecs rofal

i nterface (35 gra f ctr

cont act s; dembaqel){ P Vgi(ﬁ‘{!lé #QM{H%{‘)EQI%%&?COH act'iswl%gé the
his the thih&n@@pqﬁlngmcqnuﬁnwscﬁhowkﬁnbﬁﬂé;e%ﬁwgh compliance &tjthehe
elasticity of t R%t%lgfélc,f]éscaéz CAH a4 Seo zpr&@{déxaamlﬁeq&b&t% RHShANSESfce .

the contacts depi ct 10 Figur ) and 3B ar ned as

i ndi cated in Fi e @ntac%égﬁ%‘%ﬁﬁ’%q’%@t’? FArBIPY E%?\i%CToVW%‘?r}nl g
determ ned as ° gifrddtOri toward and away efrdm thS[PCB]ix &Lk

(3 D Lo et d i AN B! 00 8% °f {0RGELSBLALE gLk e s
mat eri al canibe ofertid femthdatoor aimuwibbch ofhe contacts yare as¢cbted sbarpreyide
such as tables @ﬂ%ff%%gkérhémﬁﬁiance.

A three-dimensional view of the electrical contacts
in a preferred embodiment is shown in Figure 4 in which the
length of the contacts (L), the width of the contacts (b) and

20 the thickness of the contacts (h) are defined. 1In a
preferred embodiment, the contacts of the connector and
mating connector both provide compliant contacts so that the
effects of dimensional mismatch of the contacts can be
minimized. More particularly, beam-on-beam connectors have a

25 mating reference at which the contacts theoretically
interface when the connectors are mated. For example,
connector 10 and mating connector 30 have a mating reference
35 as shown in Figure 3B. Therefore, in this preferred
embodiment, the tolerance or compliance (y.,) of the contacts

30 is determined from the following equation:

Yeor = Yo = Ymin . - (1)
where V., is the minimum deflection of the contact capable of
providing the regquisite normal force for sustaining an
electrical interface and y, is the maximum deflection of the

35 contact. The minimum deflection, y.,, is determined according
to the following relationship: '

Ymin = Pmin X 4L3/Ebh’ (2)



met al handbooks. It, therefore, follows that a substantially
maxi mum 20 conpliance for connectors according to the invention can be

achieved by maxim zing y[err]. The length (L), the width (h), and the

t hi ckness (b) of the contacts are preferably defined wi thin practi cal
limtations to optimze the conpliance betyyeen interfacing contacts of
mati ng connectors. 25 Specifically, 'a substantially optimal conpliance can
be achi eved by pBximzing y[err] which is equal to: Plerr]
X 4L3/Ebh3 - S[err x 2L2/ 3Eh L. %4) by substituting
equations (2) and (3) i nPeired§ath§nmEnimum normegd, Mgcﬁeoﬁﬁ&éﬁéﬁ&ﬁTQQﬁﬁal

the di mensions of the coricMlattdo r¥Quidiediery graoviries elrealaskthaised on t he
maxi m zati on of rel ati.onshi gﬁh,ﬁplthou hit is preferable to do so.
Since the contacts of théqﬁﬁﬁﬁ%f corire & ' according to the invention
oppose one arsot her ratheil. tilmarthe lengtd tife tdenredaatsi aadgatdrgractssi n
conventional connectors, ,a il AL A G HE S d S G el )

o 1}31:%@ w&#tatc g chh S G {'Z'Tbée%/abl y

provi ded. As nentioned ove, I ng mechani sm 22 1s pr

nol ded onto the housitngs1 2hsf tHCk®RfeQlothe SRAHF iR IFi R At ah@rd

mat i ng _ E is the elasticity of the/ electricdXhid¥tacts.
mechani sm 36 is_preferably nn%geg#onto,the ends . of of the
g

t he h§#$Ln
mating connect of ©Z0CXABRASI Nt pegsionstd [ChE: GRS 3Gt g this
preferred enpodrigiirebas,an, 3r3pedt 0Bea2d defrimed lwer dindimatddhdmmtiinge 4.

| at chi ng nechant§g1§?§3W§r0%2q§idgk éggkethgt LRl o) de sggégﬁgmggggsas

shown in Fig are-inser t i ough apert'uré’ 2

connectors are fieilédws: Figure 5 shows a | ongitudinal cross
section of the connectors ig a geEEY/HMsi tion. The barbed beam 36 whi chyz)
10 forms the mating_ latchi'ng mechani sm.is shown positioned within the

aperture 23. ThéDp¥PBER Sowt i6n tHE FRXIAVL SEEEFS °F 3 echHrdifad qrptacts
edge 39 of aperiyee,28he0yiedd etiress. ahenedadtddiegetEdint stiesgTaif ng

apdle betveen |l RS0l narklS aAPSLVES SLANG B 0 LIS B 1 Ut
despite publicly available sources, such as tables published in most
metal handbooks.

It, therefore, follows that a substantially maximum

20 compliance for connectors according to the invention can be
achieved by maximizing y,,. The length (L), the width (h),
and the thickness (b) of the contacts are preferably defined
within practical limitations to optimize the compliance
between interfacing contacts of mating connectors.

25 Specifically, a substantially optimal compliance can be
achieved by maximizing y,.,; which is equal to:

Pun X 4L3/Ebh® - S, x 2L%/3Eh (4)
by substituting equations (2) and (3) into equation (1). It
should be understood that the dimensions of the contacts do

30 not need to be selected based on the maximization of
relationship (4), although it is preferable to do so.

Since the contacts of the mating connectors
according to the invention oppose one another rather than
held the connectors together as in conventional connectors, a

35 self-latching mechanism is preferably provided. As mentioned
above, a latching mechanism 22 is preferably molded onto the
housing 12 of the connector 10 shown in Figure 1 and a mating



t he opposing force of the contacts, but the retention is not hi gh enough
to prevent the unnmating of the connector when desired. The housi ngs

i ncludi ng the barbed beam are preferably nmade of thernoplastic such as
liquid crystal 20 polymer. However, it should be understood that other
known materials are suitable. It should al $9 be understood that any
mechani sm capabl e of hol ding the connectors 10 and 30 t oget her can be

#ed r]g)rl l ?Shamsech&ﬁg ﬁl@&hﬁ?ﬁl@hﬁ 3ﬁ0li|sd p&@fteratmly e«bmiedcsc‘dxmwctn@wckerof
e self-latchin chani sm e _presen nvention does not. requi
addi ti onal har dh&fe ousétﬁg |§' Q% élth@f é" %Fé’%’&ﬁ%ﬁﬁ% S}fﬁi"ré e%’rg‘f’f)e 2.
use. TheAmaabh&hgamewaa@ammdBmemf(ﬂhndupnaﬁ&rnadnemhndimmmt has nan
Figure 6, in whj I Qi

LER-ENR! 3y RO € crIed Ay %%ea%tdiq}?ave &&%{1%8 Viﬁlaéﬁh

mat ed position. € contacts ese 30 _connectors

unsupport ed énd3é4proppesisndlexibden igtearald ¥ Aahdad %ﬁﬁqqcﬁﬁamﬁn%#?%&eln

therebetween at Flgukeesr)‘rﬂtth% e ieRea-t4d Qe Midie @shapathe
cont acts may have a %6’ cont ct length which may permt nore
conpl i ance betmE@HnﬁﬁFPﬁé 7t #¢-$%han the angl ed contacts 35 shown in

Figures 3A and 3B. Wil e Hilzpurté smaqmmlns:cmtlamt@lmmal eacoseveeat hoghef the
O sebe ooy SEPBASR oL n 1 UL Bosie 1 2 Sdifbed BARTHEUBAGH S

may al so be nor §°88
produce. |t ghofibdmise thedoettiogd letrathingraenimmien de showhgesi ttkened

possi bl e for pr xltﬂa gt@,esgfpfelﬁhﬁ@ A ectmeeC%arbea Brd 268 2 O Omg B&rbed

the i nventi on, the“sel ect ed cont act shape |s:£refera

desi gned to naxbﬁﬁz‘e:*tshé’agcéﬁefsf e @IS AR & ARATHUEH R [t r§ecire the
expl ai ned aboveconhekeors @@g@ﬁhdﬂlthhdﬂmﬁtﬂﬁé[HﬁgmﬂﬂbéHWeéﬁ o uwdyal 60

2o 1 he:’.”ﬁgéﬁi R AR PR R P 3015, P BT ST RGHRI 1
g;eaggrflOﬁﬂﬁgfBu&ﬁduuehfd&gmemta@?.h@zﬂnﬂjkgjzéggnnﬂntarutdga@hem | daspite
%k’x °Pb%51n§£ ;For%é; o"‘fcetl-fgerc% Q%t exfe'!f\:e tion 1s not

substantially o acl ng, mnt t1ng
connect or (i hagh ezomeh &edPTrEYEIT Iﬁ@r@@%@%&%@m%m

desired. The housings including the barbed beam are
preferably made of thermoplastic such as liquid crystal

20 polymer. However, it should be understood that other known
materials are suitable. It should also be understood that
any mechanism capable of holding the connectors 10 and 30
together can be used. For instance, the connectors could be
bolted or screwed together. The self-latching mechanism of

25 the present. invention does not require additional hardware
and is, therefore, more economical and simpler to use.

An alternative embodiment of the invention is shown

in Figure 6, in which two low profile connectors 39 and 40
are shown in a mated position. The contacts 41 of these

30 connectors have a U-shape and unsupported ends 42 opposing
each other to form an electrical interface therebetween at
the mating reference 43. Connectors with U-shaped contacts
may have a longer contact length which may permit more
compliance between mating contacts than the angled contacts

35 shown in Figures 3A and 3B. While the U-shaped contacts may
achieve a higher electrical performance than the angled
contacts, the U-shaped contacts may also be more complex to



in Figure 6 formthe parallel portions). 15 Figure 7 and Figure 8
show al ternative enbodi nents of the Iow profile connector and the mating
| ow profile connector, respectively, according to the invention. As
shown in Figure 7 the housing 46 secures a first set of contacts 48 and
a second set of contacts 54. The first set -2Q8f- contacts 48 shown in
Figure 7 has a fewer nunber of contacts than the second set of contacts
54. Thus, the prbdduseng 46 bhsuddnbasyndersteafl thapenumerdus spusags of

the  housing éﬁaﬁ@&réf £Q§E1§199f6¥ pf&v§39ﬂédabEuEEgéiéﬁeoglectEQéhla
nonsynmmetrical ly ou5|n8 such he one In Flgures 8

can be used to +%€?€ €St RECHD é?9t§°oF 1FH%nEbﬁFacP§tsEEﬁFe hBySFﬁ§Ct3d
housi ng and pre&@ﬂ&a&beshapéoﬁﬁlbréféyabiynﬂésmgnébetﬁomﬁﬁﬁﬁﬂﬁeIBﬁérreCt|y

For exanp mat i n nnect or shown F sl ng 64
with a subst nt?’a‘? I&%ﬁt?% Veshape A ané) %(f l%l%ez?g %L?:I‘—: gurer}'f')LfL
that the hou5|h@alamclnggehhecosh of Bnb@ughQOMQy It ShOUld alSONbﬁeover

the first set af,§0PLAGLS éﬁaeaxleﬁ&ﬁgh cbhehEr CERLBES éQyS%QQQGQEQaﬂﬂ h
respect to the centers 58 o the contacts, of the second set 54 as s

in Figures 7 an@cggrélngﬁEﬁgEPPnQHYﬁBtéﬁﬁs bheceRARERREES| AheUid RE?fﬁﬁ9b&VSo

be used as ae%téﬂ@'ff@ﬂl@ﬁélﬁauéﬂﬁgldenhh§YénEeth@eﬁohbbuty1OBegrebh§nd
contacts supported by

et R A out e deORERE, 9 hATE! A LRAREoRSPBEtheBPRgaLllel to
provi de an indichti sarbacéhefpohar PCB b6 phevidat acssbstastuppdlyedpbymabe

housing. Vari e %&é&gf?ﬁf gﬁtg%fééﬁng yﬁeﬁt éShEaEé?orks%lt Régﬁggcg %,%E%lr

i ndi cati on iden I'Ng e connec
be understood (it®@at aesﬁnﬂl@Eﬁ&r1&0hﬂa€#9§¥¢§néén§ﬁ@ 3B ﬁ@ésﬁﬁg°§ﬁap§dﬁa92

be used in CQHbFﬂéﬁténsofoéhoﬂﬁetPatgﬁmélf?okbfoﬁgbar'ty of the
connect or. rofile . connec accgrdln to the

|nvent|on i 43preferably ﬁ&ﬂ@rﬁy aﬁn@ngéﬁprﬁopd? WoRGEETE: tlveA@EEP&1M§qﬁ§
a preferred progesehef lbWeprbfehei 86nnéc8bti An@f the mating low profile

connector, respectively, according to the invention. As
shown in Figure 7 the housing 46 secures a first set of
contacts 48 and a second set of contacts 54. The first set

20 of contacts 48 shown in Figure 7 has a fewer number of
contacts than the second set of contacts 54. Thus, the
housing 46 has a nonsymmetrical shape in that side 45 of the
housing is shorter than side 47. It should be understood
that a nonsymmetrically shaped housing such as the one shown

25 in Figures 7 and 8 can be used to indicate the polarity of
the contacts secured by the housing and prevent the
possibility of mating the connector incorrectly. For
example, the mating connector shown in Figure 8, has a
housing 64 with a substantially identical shape as the

30 housing 46 (Figure 7) so that the housings fit together in
only one way.

Moreover, the first set of contacts 48 may have
their centers 50 staggered with respect to the centers 58 of
the contacts of the second set 54 as shown in Figures 7 and

35 8. Staggering the sets of contacts in this way may also be
used as a visual indication for identifying the polarity of
the contacts supported by the housing. It should be



conductive material, such as berylliumcopper, is run through a
progressive die in which the strip is stanped to forma contact strip.
In a preferred node, the contact strip can 15 then be electroplated with a
precious netal (e.g., gold, pal | adi um ni ckel ). The contacts may then be
formed accordi ng to a predeterm ned shape {¢.g., the angled shape shown
I n Fi gures 3A and 3B or the U shape shown in Figure 6). I n
a preferred enbggdigestootinehaenhaaiesocase Haharited 2Gpes tden SemmigEd dio or
centerlines as the fi.nal_prQ . confiqgurati : |
contact strip caﬁogédﬁoﬁﬂe&ng%\%\/ittlﬁgu% '}r é%v%tr?&%t@ﬁﬁ r?tdgl] \?ﬁthdettjraquD rggognc't%%t s
from the ori gi nalipporsednpydtber bpusiaon t VaRicus Ereangeamant® ethdhthape

of the ContaEEﬁtQEﬁEh@ 6088 36t iBe lah Vit IWaha il IR Gideht2fying the
di rensi onal relationship E

. etween the contacts and houysin ori gi nal ',}’
establ i shed By PAtagifipPhgthe FEAmESHRET. It m&dﬁg&’(zﬁ’j”%rﬁ% Hretood
their centerlinggagl 80paestkudairn contadtow roesigerent ant oumimy adesgse may be
since it mnimzes  handl

ng . of _indiwvi | .co t 0 ¢t |
nore preferred B%Sd?‘ﬁeﬁ?f"gtlﬁgt\ﬁo& ﬁnjo JI%E% €6 rﬂc%lgerrﬁ%éc s L RAPTRY aé'feathe
substantial |l y eqoahetootrhe t hi ckness of the strip fromwhich they are

stamped. More preferablymne 1din%dd Soesctdle sddbialsysebeghed Lo be
e |

approximately  half of t e %é? pitch of the contacts, to accommobdate
35 conventi difal i5veRbieg peneresemdplst AP AR ddert olding, (RERFRSF o
these consi der ahi-eB$diAgs ¢S bapieddrrad HrBdass ofitih iaresi gichi £vethrip of
w t hout causing the confacts toigafone \ . h
- 20 - so f FRPArEtiNg: mavsFialisSUF! RS AeTE L SORRSRy tHe TUB fRIoug
connectors may achreyeelisgver dlendirt ivdsidndths stripdmissamped eatfode a

same time reducing,their rall, | ng;EE . dde St .
under st ood t hat CP%EaFﬁ'i glg‘(r%e S ar% \%A' t fegroéf??%%’on%ﬁaects rruésj?éjg%trlp can
sufficient tid prhendbet kd ectgqopdiated widdm# ipHRIKLUs metaleRied e gold,

el ectrical int e&%ﬁ%ﬁgﬂ%&g}e&qq THD Qht SA6f 8iAP Bher N5 cStmEd A¢&bAding

(b), thickness an ength, (L) are, derived by mni ing the pitgch
according to £hé ?F&ﬁ&ﬁﬁfﬂ%ﬂ%ﬂi%#ﬁﬂﬁ[ﬁe°9~' th Shape o £

Figures 3A and 3B or the U-shape shown in Figure 6).

e "angle

In a preferred embodiment, the contacts are blanked

20 on the same pitch or centerlines as the final product
configuration, so that the entire contact strip can be molded
without removing the individual contacts from the original
stamped strip and without further altering the shape of the
contacts or the contact stfip. In this way, the precise

25 dimensional relationship between the contacts and housings
originally established by the stamping is maintained.
Stamping the contacts on their centerlines also results in a
low cost manufacturing process, since it minimizes handling
of individual components.

30 In a more preferred embodiment, the width of the
contacts stamped out are substantially equal to the thickness
of the strip from which they are stamped. More preferably,
the thickness of the strip is selected to be approximately
half of the desired pitch of the.contacts, to accommodate

35 conventional stamping punches. By stamping the contacts
pursuant to these considerations, a substantially minimum
pitch can be achieved without causing the contacts to become



10 - b =h =pitch/2 and maxi m zi ng the contact conpliance
according to rel ati onship (4) above. Using the above stanping

rel ati onship, a pitch of about 0.5 mm can be achi eved. Once
the contact strip is forned, it is then 15 preferably placed in a
pre-formed housing nold. A nolten mat eri al ggsuch as liquid crystal
polymer, is injected into the nold and permtted to set so that the
contacts are  g&earRienmeddethéy dwesthamsitigeak n Mgl dscesh shtxpdinent s,

t he preforned housi nol d be designed to e 0. housj 1t h
either a | atchi My HEthaTEN O Hatt g %%%qengﬁ&g%%c%%hlgé%%%.%g? Bla
ref erence numner alcurg® awhiZte sttovithe nsame Rt jug eseducing thebpeeveyal i) lenghh.

a nore pref erreq-{%we\?é’@,()diﬂ%o idepdqusidestmbd fi4dBrider 3@k 9f ang width

rectangl e SO at two sets of contact strjps can be secured in the 25,
housi ng at substantthg |SPRERCERFNSE nRe T LI SR tHR BTPEide thgreguisite
contacts into thenilsee be o0 #dquste Sélectfeigal intérfatense deseribed

13 in Figure 1) qf the | d. coryespondi n th e h . C gl
and pl aci ng t he &¥0hd e’fe%?rabf%'on@?aect‘go?%a%ﬁewh%%ﬂéi Ku%)t hnf%l%]%??%% &%gbngnd
side (e.g., 30 refmyemcelnuames adedbved ¥y guimindziig t e @l tck creespdhng ngo
to the length of. 41?5{51‘@%'&15@%5@%&- referable enbodi nents, the

e e ho

housi ng nol d is design toformtrl Sl ng and mati ng housings so they
provi de intetPocking portPonsh = Pé?@h/2reference nureral s 28 and 29 shown
in Fi gurteS_ 3AI ar%qc?%a?@miiﬂ@g“@h@'?&;t&@é@_?@ypﬂi&ﬁc@r@fi&@_ﬁdﬂwsﬂ:@gf Wihth a
nonsynmetrical s e for pur es_of identifying t olarity . of t

conngctor as dest® %te’cf"é?}g%p?‘f) afove "*be1dg "the "Sb&Ve *taping - gl -
After the pl astisekstisonsiip ded aohtadh eofaaboet 0.5 stmi pcd® be achidewed. from

the contacts. The first eBQEe tP%rggﬁf:gggescg{j]?;%sfg’ EH,FEQUEﬁSaﬁenZ’ 3A

and 3B) of the contacts are then electri Intertraced wt esi gnat ed
5 i nput and Gt referaklyfplaced iprafprabformedcheusing apebd. BHfmehken

contacts are al sphserhio SRER a4 NEi GRIACEEPELAD pBymer PCBsbynjéefed into
exanpl e, soldering the first en%ls,of&?he cont act sltJ t%rthe P Iea%ls.l

However, it shoute jeelmhderdtPRHMiRaedato set so that the contacts are
' securely embedded in the housing. In preferred embodiments,

the preformed housing mold may be designed to produce a

20 housing with either a latching mechanism or mating latching
mechanism (e.g., reference numerals 22 and 36 shown in
Figures 1 and 2 respectively). 1In a more preferred -
embodiment, the housing mold forms the shape of a rectangle
so that two sets of contact strips can be secured in the-

25 housing at substantially the same time by placing the first
set of contacts into the housing mold on a first side (e.g.,
reference numeral 13 in Figure 1) of the mold corresponding
to the length of the rectangle and placing the second set of
contacts in the housing mold on the second side (e.g.,

30 reference numeral 15 in Figure 1) of the mold corresponding
to the length of the rectangle. In more preferable
embodiments, the housing mold is designed to form the housing
and mating housings so they provide interlocking portions
(e.g., reference numerals 28 and 29 shown in Figures 3A and

35 3B). The housing mold may also produce housings with a
nonsymmetrical shape for purposes of identifying the polarity
of the connector as described above.



separate nmounting nmeans can be provided as nentioned above. 10 A retaining

means nay be used to secure the connector to the PCB while the contacts
are soldered to the | eads or while the connector is otherwi se nmounted to
the PCB. For exanple, the connectors can be screwed or bolted to the PCB
or held on the PCB by a hol d- down assomzﬂ%&ithh the housing. In such a
15 case, the housing nold _woul d prefterably form RARILP erture
in the housing for a scr8ht6F BBEtp Bsﬁécr§8§PVe§ 2Rt q§¥él

preferred enbodsteiyy 7m ﬂ\budéthmheéefsomf the contactsstrThe ddestoendsd in
g o 0Pt EardhEe nufOPARE! 6208 PIELELADHLY DOV HRIARA WBY! Jritne

det achabl e stri ar e a to the contacts 6n thée outs
housi ng. Fi gmzet@ctsaoaseathew pleftrécadhrednsLTRRER WatBadeisdgnated

strips 70 still;gliached éQt%G@ fba8k sads beref er @&@Qe&rumFJal the ¥irist ends
Figures 1, 2, 3Aand 3B) of the cont cts defined as_ _a profile

connect or subst®ht&hye F?nEHSEFdaﬁﬁ E 88r UPE8dEIsMPHEE [5G SPBPFFQCEbﬁﬁhé?Eﬁ
substrates can ﬂ»@s cepnecbedekample, BEBdbefagethbe fdetackalkise ofathecrcontacts

LT e S DO LU0 ke COBRASEr, 45 shend s UpiErpRBS B

has been descrl erence
enbodi ment s, hsspaﬁﬂtekmbUBdlng meangr cani be p@@@gdﬁﬂeatsm\temmmmadc@thm

and ~varigli ofs, Q@éﬁﬂgngﬁﬂsaﬂ@t mggtv b@eﬁééh' Bg GeelirkNenel kBanl@Sr tdfthe

the invention as descrl erel na e and set. forth in the fol | ow ng
cl ai ns. PCB whilei the| gPrEgctsare soldege6r5@e§§ef&pa@gmqﬁgg;qLﬁNthe

profile connectgsnstbebrals, oeRBRWiSENGIoUREed! €PS thk! pcs For exatnm Naiee
L1t 571D, of Sonductive MalepLak L, ba maCieh 320 o SLaCt Saha on cne
first end and pcBebgnd Rolld-deit Bssstiands wﬁ.thaltéhef hostsiset. ofln such a
electrical i%”tggéé,b€L29h882E%§t%91d would preferably form an appropriate
aperture in the housing for a screw or bolt to be received.
In a preferred embodiment in which two sets of
contact strips are mounted in rectangular housing, the
contacts are preferably formed so that the detachable strips
20 are attached to the contacts on the outside of the housing.
Figure 9 shows a low profile connector with the carrier
strips 70 still attached to the first ends (reference numeral
16 in Figures 1, 2, 3A and 3B) of the contacts (defined as a
low profile connector substrate). It should be understood
25 that low profile connector substrates can be connected to a
PCB before the detachable carrier strips are detached from
the contacts.
While the invention has been described and
illustrated with reference to specific embodiments, those
30 skilled in the art will recognize that modification and
variations may be made without departing from the principles
of the invention as described hereinabove and set forth in
the following claims.



a det achabl e stri and nol ding said plurality of
eI ectr ﬂ Hm a housmg having a first Jlateral face and a first
back f profl | e connector substrate, said first
set of el ectrl ca cont acts extendi ng fromsaid |ateral face of said
housi ng and each electrical contact befting at an angle so that at |east a
portion of eaE:h el ectrical contact extends beyond a mating reference of
sai d hod%’-%ﬂ’—glﬁ—' A process for rrakl ng a | ow profile connector

conpr ng th
mat er: :1: tg 0 fgrlgrf’ﬁpcle?sré’f making g3 oy %@PIF |C8a ectco‘c’ﬁI s"{tgt%&ﬁ\}g rISP‘thfne %gt% gtr Imvﬁed
shape, each el egleical, £oNLASt: DA 0MAblohiliodhh s B SPGeaflognd. said

rical contacts bel ng connect ed

t oget her obYac?s Ee\}i CQ%P dgteﬁjn{['\'e@ ’sh%{%d each electrlca1j contdBY ﬁjalvﬂ% Sistlehd Up@l ity of

el ectri ¢&M%€6N ousl havi n irst lateral face and a first
back faCesé[c nd Sha" id i BREY 4 s%ndcﬁ'gpgeqto?'éleéﬁlgﬁtd’o%a%ts being connected Sai d first
set of e rica con acts extending fromsaid |ateral face of said

housi ng %‘”Qh?ra&h %Fg%;d,gg{n cofg act bending at an angle so that at |east a
of " eac a

portion ectric contact extends beyond a mating reference of

sal d_housi ng; aGiaing said plurslity A HRGRENGMASHELIEIRY Radihd blirdir Om S d | ow
profile connector bstrate form said |low profile connector so that

Sg: (Cji L'Olrjlgtfera‘?'?% M Salst bﬁljzl(al%t:é k& BIrmCPRIWASHBle @8hedttorfsuBBtrsta) d  back face of
said first set of electrical contacts extending from said lateral face of said
housing and each electrical contact bending at an angle so that at least a portion of
each electrical contact extends beyond a mating reference of said housing.
2. A process for making a low profile connector comprising the steps of:
stamping a first strip of conductive material to form a first set of electrical
contacts having a predetermined shape, each electrical contact having a first end and
a second end, said first ends of said first set of electrical contacts being connected
together by a detachable strip; and
molding said plurality of electrical contacts into a housing having a first
lateral face and a first back face to form a low profile connector substrate,
said first set of electrical contacts extending from said lateral face of said
housing and each electrical contact bending at an angle so that at least a portion of
each electrical contact extends beyond a mating reference of said housing; and
detaching said detachable strip from said low profile connector substrate to form

said low profile connector so that said first ends of said electrical contacts extend from said

back face of said housing.



ferr] _ -23- 3. The process of claim
1, wherei imuﬂu‘“mgmHg‘ f nol ding has been perforned, the process
further c S8 I of : detachi ng sai d detachable strip
fromsaid first set’ of® el*ectri cal contagts. 4. The process of claim
1 wherein said housing provides a first and second connecting portion and

a first gnd second, GOsRRICkIAN ekt bRl hBSRARRALGRaPREd O and sal d

end porti'ons forma rectangle w connecting portions serving as the

| engt hs &frfogrﬁjee&,! tp\g%}%@% furfBf cSabsteS Mk 885 bLEONS serving as the widths of

said rectan sal rst connecting portion conprises said first lateral

face and said fidsdniRPsdid b@GenabRNelris Hofh SHREARE s REticADcREdtson conpri ses
a second |l ateral face and a second back face, the process further

conpri sifig the MLRScksiof claim 1 whereinSdaiidudiig drévdRndfist s seongonduct i ve
material to forma second set of electrical contacts having a second

pr edet erdpnRgdlingiPfon SRACH fifth QRS Gbdal ebbPoRh sth it dhe s@cebthgpértibayi ng a
first end and a second end, said first ends of said second set of

el ect ri cald MNERCHEIBN REmcorRBRAYIedvitingid benebyngp@detnstrdeg ashiwbl e strip;
and nmol di ng said second set of electrical contacts into said

housi ng |gkyth&at ssdiréttardfisid sadknd portiand serdhg saitite weltiondf said reesangled from
said second lateral face of said housing towards said electrical contacts
of sai d 4aid fifst 8&tneciag dotbecbmpdsds saanfirackeraffacaard sagkbtishbackefacdendi ng at
an angle so that at least a portion of each electrical contact extends
beyond agrfwsaimgedoeﬂ epemscang bogian domprisdsraysecond Jateral face amhe speasddwskof cl ai m
4, wherein said first and second predeterm ned shapes are substantially
t he saneface, the process further comprising the steps of:
stamping a second strip of conductive material to form a second set of
electrical contacts having a second predetermined shape, each electrical contact of said
second set having a first end and a second end, said first ends of said second set of
electrical contacts being connected together by a second detachable strip; and
molding said second set of electrical contacts into said housing so that said
electrical contacts of said second set extend from said second lateral face of said
housing towards said electrical contacts of said first set, said electrical contacts of said

second set bending at an angle so that at least a portion of each electrical contact

extends beyond a mating reference of said housing.

5. The process of claim 4, wherein said first and second predetermined shapes

are substantially the same.



process of claim4, wherein said steps of stanping,
corrprl se” I!H“ﬂ”imulmf”ilu bl anki ng said strips of conductive
mat eri al ctrical contacts of said first and second sets of

el ectrical contacl s; *and shapi ng each said electrical contact of
said first set to forn1e|ectr|cal contacts having said first predeterm ned

shape and shap! Ao Baflso8! daifl £ AL ER!<aBWUAC AmsiA), %@%@9% S@hsto form

el ectrical contact avi ng sai d second predeterm ne The
process gf. claim4, further conprising the step of: nol di ng a

| at chi ng mechani sm ont o each end portion of said housing. 8. The
process of claim4, further conprising the step of: det achi ng
sai d second det gph@aR) Saifitsthd? Jr'BRUGAVE nRRGANL Rith Bl &AL cbRactsCaNt act s.
9. The process of claim1, wherein said electrical contacts are
stanmped @fid kiRRidnd skBSREEd YEelbQNESR c8ntactsVand The process of claim§,

wherein the thickness of each electrical contact is substantially equal to
the width of eaghagilgeedchisarl elé@daebntasitditbaltl fHshsd @b R&m SbRiREARbhRLly equal

to approximtely half the distance between consecutive centers of said
el ect ri CRAvifPBAi@ ¢kt .predetermined shape and shaping each said electrical contact of said
second set to form electrical contacts having said second predetermined shape.
7. The process of claim 4, further comprising the step of:
molding a latching mechanism onto each end portion of said housing.
8. The process of claim 4, further comprising the step of:
detaching said second detachable strip from said second set of electrical
contacts.
9. The process of claim 1, wherein said electrical contacts are stamped on their
respective centers.
10. The process of claim 9, wherein the thickness of each electrical contact is
substantially equal to the width of each electrical contact, said width being

substantially equal to approximately half the distance between consecutive centers of

said electrical contacts.



LF;IL19 mhedulunluﬂlum ”E ﬂ"of consecutlve elégs;lc;% contac?ge gigcess °
separated by approximnmate .5 mmor less. 12. The process of claim

1, wherein the | ength, mndth and thIquﬁis of said electrical contacts are
det er ni ned by substantlally nHX|nlz|ng e follomﬁng rel ati onshi p:

P[ er] x 4|T[ er r] :%Bcice of clalgyf " ﬁérer}\ %&%%EA? co p@/ Qlemncal(foptacts Plerr]

is the nlnlnun1nor rlcal con

provi d_e g{le seelggr%éd WLpﬂrQJﬂﬁx@aI&W@’ mm ?r less L is the I engt h of the

electric mndth of the electrical contacts;

h is thebhi ckngfg pceldEs 8%.99% r\ivﬁé?'lemctﬂ@ie"f]lﬁ{hs width and thx[cknfg]s'ﬁ shige

elast|C|ty of the e ectrical contacts: and IS the nmaxi num

stress OEIeHFl@aIe&o?\%c"té gl de‘f&ﬂ\tlr{’égttﬁr subl‘t%ntlally maJthEmBﬁﬂQ?él%v\m claim 12,

wherein said wd (b) and said thickness (h) are substantlally t he sane.
relatlonshlp.
Pmin X 4L%/Ebh* - S_.. x 2L%3Eh
in which:

P.., is the minimum normal force of the electrical contacts required to
provide an electrical interface,
L is the length of the electrical contacts;
b is the width of the electrical contacts;
h is the thickness of the electrical contacts;
E is the elasticity of the electrical contacts; and
S...« is the maximum stress of the electrical contacts.
13. The process of claim 12, wherein said width (b} and said thickness (h) are

substantially the same.



