;e3eM [|F" 6X.T >I: HI GH DENSI TY CONNECTOR SYSTEM Fi el d of th? 8 Wﬁtzh@ﬂ
'The present invention relates to electrical connectors, and nore ‘
parti cul arly, to high density connectors intended for the interconnection

- of daughter boards and back panels. Background of the Invention Continued
advances in the design of electronic_devices for data pro 55|n

communi cati ons systems have placed ri gorous denands on t lwmﬂlammwu‘m

el ectrical connectors. Specifically, electrical connector her
densities and pin counts are needed for design advances whi chissieer ease
integration of solid state devices and which increase the speed of data
processi ng and comruni cati on. Designing connectors to ha m sities

and higher pin counts requires careful consideration of whi ch
result from decreasing the di stance between contacts. ThIS I'S larly

true in applications involving daughter board/back panel i nt e nectlons
where the connector functions to establish an electrical connection and
functions to nechanically hold the daughter board in position. -2

Density and pin count are often viewed interchangeably, but there are
inportant differences. Density refers to the nunber of contacts provided
per unit length. In contrast, the nunber of contact elenents that can
reasonably withstand the mati ng and unmating forces is referred to as the
pin count. As nore functions beconme integrated on sem conductor chips or on
flexible circuit substrates and nore chips are provided on printed circuit
boards (PCBs), each PCBIKSHDENSEI'X CONNEGT YBTEM de nore inputs and
outputs (1/Gs). The demand for nore |/Gs directly translates to a denmand
'for greater density wi thout sacrificing electrical or nechanical

per f or ManGR 16t the i el When such devices and integration techniques are
utilized in devices having back panels. The i nportance of electrical

performance of hjle,gh densi t connectei eco%ﬂl zed in U S.  Patent No.
4,824,383 - Lenke™® i FEEMH o H{eBEOH efeAtFe bS? elgelrical ¢ EONDPEOLS, n AR NS oposed

de5| gns for plug and receptacle connectors for nultiple
particularly, to high density connectors intended for the interconnection of daughter

boards and back panels.

Background of the Invention
Continued advances in the design of electronic devices for data processing
J and communications systems have placed rigorous demands on the design of
electrical connectors. Specifically, electrical connectors having higher densities and
pin counts are needed for design advances which increase integration of solid state
devices and which increase the speed of data processing and communication.
Designing connectors to have higher densities and higher pin counts requires careful
consideration of the problems which result from decreasing the distance between
contacts. This is particularly true in applications involving daughter board/back
panel interconnections where the connector functions to establish an electrical

connection and functions to mechanically hold the daughter board in position.



. conductor cables or nmultiple trace substrates. In such designs Iiqu@Q%h?
" performance was assured by electrically isolating individual corttact™ =
el enents or groups of contact elenments through the use of conductive walls
-to prevent or minimze crosstal k and signal degradation. Although, the
connectors disclosed in U S. Patent NA.- 4,824, 383 increased contact el enent
density, industry driven density demands continued to grow. U S. Patent
Nos. 5,057,028 - Lenke et al. and 5,169,324 - Lenke et al. (now U.S. Patent
No. Re. 35.508), all incorporated herein by reference, disclose two row
pl ug and recept . CO or.s. for _atfachnent . I i I oards
(PCBs), which c?ﬁ%%@ oﬁgpgghfﬁnﬁeréﬁ%édWEQS%‘é@%@@#?%gg’%Egﬁg#%éﬁhe
t hrough the use of conductjve walls to provide isolation. -3 Electrica
per f or mand@PPBantiiffaregesssi Pynsiyrigtees & heypuntar o6 copach guodidest pey wit pat ent
Nos. 4,846,727, 5,046,960, 5,066,236, 5,104, 341, 5,496,183, 5,342,2] 1 and
5, 286, 212.lengtles én pahteast,sthelinnaibes ef vadtacuderhansrthao ars teas@iabhewithstamt ur es
incorporated into a plug and receptacle system In a high density stripline
- struct ur e, & oIR8 funfRRhAGhre6! RTBRIRAA6 H8 MEHin dduft. ShEGdY ricignar r ay

wi th conductive plates di sposed between each columnm. The connectors are
desi gned so that .the plug and receptacle grqund plates .contact, K one another,
Cher Sby. pSOTE HICHESR S SETRBEREHCaET O 1o HERO P EHE s SRERlEE A P o
systemis the nodul ar design of the receptacle. Each columm of receptacle
cont act elchinsrars previfled apdrivjedneiraiinbpardse(REIPD aeachel EReatfiexitie eirenit f r ame of
dielectric material. One of the problens with these types of connectors is
that the upest@rowlied et inputsahd sutbofs (BI0RY: Mhealeniandlféd more I/OF Wireeiy space.
In certain applications the space or volume necessary for such isolation is
| Mpracti Capuelafhst PSS ARALLCHY ARUNTERIGPIMoLS SEAALIAR! cleRfiOROBR! S For
achi eving desired electrical pertornmance have I ncluded the use of high
density connectors ip which one pin, selected for signal transm ssion, is
posi 11 onednHEENEEPIIREAR T RECERETY S IR JodG e AR EFHEn JFRTIBhn as
interstitial arrangenents. Such contact elenent patterns are suggested in
U. S. Pat erare Nolszed5n devicas7imving Wk pggds.and 5, 525,067. It will be appreciated
that while such isolation schenes can be inplenmented in nore conpact

connectors, suchTrs igpatance @¥icledtribal péresrmiadb® of §ighf dedkify coiRbtoyLHas
available in the previously described connect'ors using conductive walls. In

avai lable in the previously described i ve val
ack panel,aallAth (P8Spal ANEARHNS DHIDSIc oL RNAR ARl 1 TPaC

on nechani ¢ ntegri e’nu NS i'ncrea er

This patent proposed designs for plug and receptacle connectors for multiple
conductor cables or multiple trace substrates. In such designs electrical
) performance was assured by electrically isolating individual contact elements or
groups of contact elements through the use of conductive walls to prevent or
minimize crosstalk and signal degradation. Although, the connectors disclosed in
U.S. Patent No. 4,824,383 increased contact element density, industry driven
density demands continued to grow. U.S. Patent Nos. 5,057,028 - Lemke et al. and
5,169,324 - Lemke et al. (now U.S. Patent No. Re. 35.508), all incorporated herein
by reference, disclose two row plug and receptacie connectors for attachment to
printed circuit boards (PCBs), which connectors again exhibited good electrical

f

performance through the use of conductive walls to provide isolation.



-4 bores or through holes in the back panel and daughter board ir-]cgeﬁﬁ;@szgnz
"As the nunher of bores in a printed circuit board increases while at the
sanme tinme decreasing the distance between each bore, as will be the case in
- high density applications, the nmechanical integrity of the board decreases.
As mechanical integrity decreases the3ability for the back panel to

mechani cal ly hold the daughter board in position decreases. It wll be
appreci ated that .j n back panel appl.i.cations, the daughterbgard is held in
position, i.e., @t?FtFict%aﬁ’er Rt F‘Ecmgféfiexﬁftﬁ'éﬁ‘?flﬁ?ciﬂ?fﬁ,“g?oaﬁﬁ ﬁWergC‘é&ﬁ usi vel y,
by the connector used to electrically interconnect the two. Daughterboard
si ze, the BdnBetenglosi 454017817 boA#G86AI0GORS 6¢ biiPénktit §,4R0.188 eU34502the
daught er boards conbi ne to. produce the stresses and nonents acting on the

back panelynaf @86238eMihse Ifatehfte daRRIB vapfoud aokmp agelstripiher stalctdrss r educed
in particular locations due 'to |arger numbers of closely spaced through

bores, back_panel failure can _occur, i.e.,  the.back panel ..coul d deform or
oven: br oadhedaisd e i FRALERE e chisSun AR FhBESEPHER S S4B ant ol

. failure would be to use surface nount techniques to establish electrical
connect i orfolynehel eatKRt plaments agapges 8@ fidtcley-pga pray sdthrgogdedivérldet require
the use of through holes, such techniques would afford the ability to

connect hiditpoded betivgert eavheadloms. tThet doandaak apadedigneidtsoatiiht thepdcs amdy
mechani cal integrity. Unfortunately, such solutions would be unsuccessful.

Surface MOURd,ti&E Eﬁhﬁ%ﬁat&sy Rodfiddt | ohe! MY HeY GndrBBP BFRAdihY ifdIaidiObdwegrPonent

to a printed circtit rd using a paste. After pasting, the board and

tenporarily, fixed,c onent s .heated.in ord tp refl sol der. materi al
pr evi ous| yEOBBRE GAGRFER FBeFiediBisop stefbissle Paedlarliaien 5rthe RRSPECIE] n back
panel _5_ applications, -numerous connectors are attached to the back
panel boarEachwenlemniaf regentacie | opntact elementseisyfdrmed by imadding theanodtact n or der
to assure adequate reflow, thereby establishing good el ectrical connection,

for nuner cilemenipaeantans pf @iibcaittiharribie| @hd wtihy groblams e thesd fipepack
panel board woul d have to be subjected to significant heat. Unfortunately,

heat whi chyg &n‘h@ﬁoﬁi igphﬂrthk%e'&“&nhﬂctﬁ}éf WAL brCALtAEH Yadihdod Bgafbere W th

establ i shing good surface nmount term nations. Consequently, surface nount

t echni ques_do not for.mtlge ansmﬁ{s to the r]eed for hi gtlﬁer ensLa% connectors
for back pEAEt gfbﬁ‘f‘?“b‘h?ﬁ’ ffgtio SHAENDY YO R AEETFSEY T SBK BPEUPRAS a
connector system which maxi m zes the nunber of .contact elenents avail able
f or groundpraptigkl. assi gnment and whi ch

In those applications where space is cﬁtical, proposals for achieving
desired electrical performance have included the use of high density connectors in
which one pin, selected for signal transmission, is positioned between pins
connected to ground. Such patterns are known as interstitial arrangements. Such
contact element patterns are suggested in U.S. Patent Nos. 5,174,770, 5,197,893 and
5,525,067. It will be appreciated that while such isolation schemes can be
implemented in more compact connectors, such schemes require greater numbers of
pins than were available in the previously describ‘ed connectors using conductive
walls.

In bac__k panel applications, increasing the number of pins has a direct

impact on mechanical integrity. As the number of pins increases, the number of



does not jeopardize either the electrical or nechanical integrity of back
" panel applications. One other consideration which nust be taken {8t MAR 2002
account when designing high density connectors, particularly for back panel
- applications is the design of the structure for attaching the receptacle
portion of the connector. One inportant_factor in receptacle attachment is
alignnment. Wen a single receptacle contact elenent is msaligned,
insertion force increases a negligible amount. However, when m salignnent

occurs in yoréd NSNS hyles MM URE badke pai¥l amli edaupRee bbhdninkRass. CAYltRe i ncrease
to unacceptable levels. In other words, if msalignnment occurs during the

mount i ng_qf, 8,4 CHeRbAE!E 1 Qb LA ORI herddeHREGOMR LIREAgHL cal for
the board 10 be mounted to A p? ug or vice versa. nsequentlsy, a need still
exists for a high density connector system which provides sufficient

al i gnment CE’F{eéFmErﬂbﬁt‘i‘ﬁ‘i@‘%u‘lf’r‘i"vﬁ%ﬁaqhng@ﬁt RoVIHPE dhe gapgi mshight dempity
acceptable limts. Summary of the Invention The above descri bed

probl ens applicaiok,ydt ardhaidedrinegvigntofighs twasl aletieesced A3 meviednidai gh
density electrical connectors. In one enbodi rent, the connector includes a
base menb j ' ' LTI f ct

el enent s ﬁéte og}{ (E?:(r)%gg’l ?&%%%g%tygﬁthgﬁ Eﬁﬁgarﬁéﬁtﬁkgﬂéﬁggnﬂﬁ %It}%r?ﬁ%g%ﬁof
contact elenments is. po itioned in others of the bores. The tail portion of
each cont eﬁﬂar‘giné’r?éﬁ’to éf??r@ﬁ%fé' a di stance beyond the base menber. The
insertion of the tail portion of the second plurality of contact elenents
into circuit boaltavilllempgteciasedthat m bagkfpanelaapplieasions the dpeghterbpargas t i ons of
the first plurality of contact elenents against the circuit board. It is

pref erred Hetd it pesiticH, i epQetticanadhoridoatd bkishitapdrsdhretishesfexglasivagt sy t o be
capabl e of axial novement when a conpression force is applied. In this

| at er enbocgg rEBp.\txect- tusj;ea tgseffgc%ga!llbryinpgrﬁjnﬁ%&eﬂeftWo t B%u%lﬁiexlbo?ﬂr §1ké? NRe of the
second plurality of contacts to rnclude a serpentine ructure. ’I'n anot her
enbodi ment, the connector includes a frane and a u§¥er of ¢ el enent s,

nt act
attached tBWRFE qf, danghtephpardsofng e COMPIRTNIS MRS 19 fhe da teafg%ré%i vi ng

portion and a tail portion. The ends of the tail portions are positioned i
proxi mat e combibsite-groducef the estresashand mzomeentsA apting ®ini the bdckf parieblafteel enent s,
for exanple, solder balls, are |ocated proximate the ends of the tail

portions. dsgerdblgh Iatheahochtd Back tfagelsb@enl BaklscedXhgadiotldrbeatidngdesi red
di stance fromthe base. This result is achieved by using solder balls

having a dgfqp %Qeﬁﬂl%eks(:@é clégéﬁp?pacé& tl'jréugh bores, back panel failure can occur,

i.e., the back panel could deform or even break.

One might conclude that the solution to back panel mechanical failure
would be to use surface mount techniques to establish electrical connection to the
back panel. Since surface mount techniques do not require the use of through holes,
such techniques would afford the ability to connect high density connectors to the
back panel without impacting mechanical integrity. Unfortunately, such solutions
would be unsuccessful.

Surface mount techniques typically involve temporarily fixing a
component to a printed circuit board using a paste. After pasting, the board and
temporarily fixed components are heated in order to reflow solder material

previously coated onto the leads of the surface mount components. In back panel



especially prefeerred for the deformed spherical shape to have a flajtened
"bottom surface. In a still further enbodi nent, projections ar & 8t MAR neidl/
to the bottomof the frame for keying and spacing said frame in relation to
"a printed circuit board. In this enbodinent, it is again preferred fon the
sol der balls to have a deformed spherigal shape, wherein the deforned
spherical shape is flattened, i.e., the aspect ratio of the sol der bal
i ncl udes greater |length than height. Brief Description of the Draw ngs The
present i nagpdichbenswinkimetsas potbestorsiade pisdohed tamte bick panebbeard, @hjcdciks and
advantages will becone apparent by reference to the follow ng detail ed

descri pti ofyp@halllAGeialVaYIARE MBI b Ja3KETh (inﬂelcl%'ﬂsHﬂQtah&{ﬁaW rE?o&/ptﬁelfeggl ow ng
\Y a header

drawings, in which: Figure 1l is a partial sectional ew o

constructed, i ordance with the present invention; Figure 2 is a top

vi ew of théeiStA(:bcl)lrSr%l%gt %ooﬁegla%tpc%ieﬁﬂ“gf‘ﬁ@mi OTEgmerpus epmppRems spread O¥Er i ey of
the printed circuit board on which the header of ' Fig. 1 is to be nounted;
Figure 4 | slaivglyadaraembaard diedbacki penel oboaad reewdt bavee te des subjedtet! thn
accordance with the present invention; Figure 5 is an enlarged diagramatic

view of t hegniGceptieat. eUd&piunhety, ihBatRi/Bich 45 tobi I9LK 8r &od ﬁmﬁ i dutdtioh Wah hern
enl arged view of an end of one of the contact elenents having a sol der ball

nounted th i Fl Y G i f el enent depicted in Fig.
6 artor the oavgaie A ik soRpRnteito ekt SRIMAEHRTATHR CobSRUEMEE Wi 1
the inventiop; and . Figure 8 is a view of the contact elenent

depi ct ed i%lr‘réfﬁ.mefméﬁ%chgf%’tef %Pe‘t?tc,fP%dlilft apuar dodhe deed fer kigheredensiy| has
reflowed establishing an el ectrical connection between the contact el enent
and the préomnectorsiforbdck fanelrappli@dioas.] ed Descri pti on of the Invention As was
di scussed above, one need which still exists in the industry is a connector

having greater denasdqyently alited sBNexisR BEW BRARESH H5tedOWhRE E&Rizes

the number of contact elements available for ground/signal assignment and which

does not jeopardize either the electrical or mechanical integrity of back panel

applications.

One other consideration which must be taken into account when designing
high density connectors, particularly for back panel applications is the design of the
structure for attaching the receptacle portion of the connector. One important factor
in receptacle attachment is alignment. When a single receptacle contact element is
misaligned, insertion force increases a negligible amount. However, when
misalignment occurs in a high density contact receptacle, insertion force could
increase to unacceptable levels. In other words, if misalignment occurs during the
mounting of a receptacle to a circuit board, it may become impractical for the board
to be mounted to a plug or vice versa.

Consequently, a need still exists for a high density connector system which
provides sufﬁgient alignment after mounting such that insertion force remains

within acceptable limits.




.devel oped and i-s generally depicted in Figure 1. Al though depicted as a__ .
plug, it will be appreciated that the invention is applicable t ot 2407
pl ug or receptacle. Connector 10 is seen to include side walls 12 and[14
~and base wall 16. A nunber of blades 18 and 20 are di sposed in bottom wal |
16. It is noted that blades 18 includé-a defornmable tail portion,
preferably in the formof a press fit section which extends a distance
bel-ow t he bottom surface of bottomwall 16. By contrast, blades 20 include
a nuch sho§imarf SMBieEmyeignt @i | portion which extends only a short

di stance fromthe bottom surface of bottomwall 16. It is noted that the
serpentine or S shape of the.tail portion of blade 20 permts the tail
portion to be co ?éagg‘é?j fﬁ;}]?eﬁﬁ?go g?@rst?rf)nreﬁqlv?‘gta&g ‘Bhgrt ﬁ‘ge'aflgﬁgf"s. ¥ gure 2
is atop view of plug 10. Connectors constructed in accordance with the

i nvent i on dshieyed e ravehmighydensityr eguitiedl epnoedtorshalli onheembaémepratyithey t hr ough
hol es while the other half utilizes contact pads for establishing

el ectri calconfenscincRides hbafaméemPaNBavigd P phaality WTbor&UCA fasCRastiyeti on
preserves the nmechanical integrity of the back panel while providing a

significant| ' ' Lty El. i gts. the 1 rinted
ci fou t bagntiebb Ut RodfoRe Y oGSt s RS eberd TRl @ sBlack 0
i ncludes a pattern of bores 24 and_contact pads 26. It is noted that the
-9 di anet &1CBENS g POFHPARE hathers ok the Paiest hHi talepertianetiesachcontast por e and
that the bores and contact pads are arranged in an alternating pattern.
When pl ug elémerg expemis ed distance rbeyortd Biwababe 2Bembére Thelingotion ofishoftaibl ades 18
are inserted into bores 24. The force of insertion causes the conpressible

end porti qRggH oPlRAEcRR BiGraBs) 8bdrtit: leRfhid in@) citM Rk WirblbrPaslss 26. It

is preferred for the tail portions of blades 18 to be either deformable or
of a shape_to.cau friction force, be n the tail portion and circuit
board 22 SEPETEIERE Foe i IBeTPe 0T (B cearaiio S BlrmsPlb febinst,

contact between the tail portions of blades 20 and contact pads 26.

Ref er ri ng thowrewt /agdire 4, connector 30, constructed in accordance with the
present invention w |l be described. A though depicted as a receptacle, it
wi || be appreci altdg ptdfatred lfier tha\taihpbions of alpphist pidirelitycofeddniets ® Pé ug or
receptacle. Connector 30 is shown diagranmatically to imclude a nunber of

contact el Seit $r3&ial! holdm&R1wherd Badonph&soANfRE isegﬁggeﬁtslrﬁ'&ﬁs%ﬂe nted in

generally the sane plane and are preferably provide | ayer nodul es.
Assenbly of .receptacl.e 30,. thereb gui res the stacking of a nunber of
Cavers of GHIER G nerpualth BT OR eIl portord of Gttt nriiORh i -
Figure 5, each layer of contact elenents includes a positioning frane 34
formed fr ceniaststtamiilude pIpIndine SBUKWE- base portion 38. It nmay be desirable

In another embodiment, the connector includes a frame and a layer of

contact elements, attached to the frame. Each of the contact elements includes a
receiving portion and a tail portion. The ends of the tail portions are positioned
proximate the bottom surface of the frame. A plurality of fusible elements, for
example, solder balls, are 1océted proximate the ends of the tail portions. In such an
embodiment, the solder balls extend within a desired distance from the base. This
result is achieved by using solder balls having a deformed spherical shape. It is
. especially preferred for the deformed spherical shape to have a flattened bottom

surface.



.during manufacture, to integrally nold portions 36 and 38 to a series’of
“contact elenments 32, thereby form ng a contact el enent nodul e. OE MAK 6m¢
traditional nmethod of nmounting receptacle 30 to printed circuit board
" woul d have been through the use of extended tails 42 which pass throuéh
appropriately sized bores in circuit .bpard 40 for attachnent by sol dering
or the Iike. However, as was pointed out in relation to the plug being
mounted to circujt board -10 22 in Figure 3, bore size can have a
linmiting effect b gdhfuster éméﬁ@mena@rmpwnsw atiicBedinthe bRdomaidit acl e of
the present invention includes a novel structure for establishing
el ectri calfrpnt@cieyig! MrieshaoidWakl G8mang rebfieiitd a boiated dftuitBrardr isent
invention utilizes fusible elenents, for exanple, solder balls for nounting
nodul e 30 t he use
of soldert %I%ﬂg&gyégbépgﬁ ?gﬂgﬁ?H%gfgg{% F?gﬁ}%guﬂqgﬁgggfrggﬁhgontact as
wel | as proyvidi sufficient chani cal force for |nt i.ning the
attachnentSpB?”‘r?gg]Eﬂpé ?’@er%tqeﬂ‘%sfm@?ﬁﬁl spherich! SBIRE 15t E?H? cte ptgﬁélsReﬁbt shown)
. are disposed on the surface of circuit board 40. A keying peg 44 is
provi ded oatidbaSthepolder ball B8ludes grbteylengty thavchaightt ends of contact el enents
32 above individual contact pads. Shoul der 46 and | eg 48 serve to space the
bottom of base portion 38 fromthe top of circuit board 40. It may be
desirable to precisely fix this distance. As will be explained in greater
detail in contact elements 32 are electrically
connect ed rgétglcs)##a %lgn 5 e(ﬁg'i“gl own) on the surface of circuit board 40
t hrough t he use of solder balls. Referring nowto Figure 6, the end of one
of the contact elRBissentdnvension;vsllikeckatter Andsrgiopd énéll'érféﬁ’ﬂem‘fso‘?bl%%%lrrpl e,
sol der ball 50 is shown attached to end 52. Attachnent of solder ball 50
can be by aadyadwantagkd evilie hashymd appaxanpl erdfgremeef towhegfollesng detmded It i s
noted that the bottom surface of base 38 extends a short distance beyond
the end syet@sRioRloreindentidnwdl ket @8junkiién fivd tﬁé’fd‘lﬁ)‘%ﬁng)fira%nlﬁ’%552 i's
recessed within base portion 38. After attachment of sol der ball 50 to end
52 the sol.der.hall extends beyond the bottom surface of base portion 38.
Al t hough the of sol der balls pernmits high density connection w thout
t hrough bores, one problemstill remains. Because the sol der balls extend
beyond r the bdgesn sut pacial stctivaaleVipw ofiadieader, cansineed &t acrordange be
suspended a short di stance above the circuit board when the connector is
assenbl ed varit hepresenttinivéntion;

Figure 2 is a top view of the complete header depicted in Fig. 1;

Figure 3 is a top view of the printed circuit board on which the header of |
Fig. 1 is to be mounted;

Figure 4 is a diagrammatic side view .of a receptacle constructed in
accordance with the present invention;

Figure 5 is an enlarged diagrammatic view of the receptacle depicted in
Fig. 4,

Figure 6 is a still further enlarged view of an end of one of the contact
elements having a solder ball mounted thereto;

Figure 7 is a view of the contact element depicted in Fig. 6 after the solder

ball has been deformed in a manner in accordance with the invention; and



board. In such a situation, when solder balls 50 are reflowed in order to
establish electrical connection with the contact pads (not showpf MAR 2002
novenment, i.e., re alignnment, of nodule 30 will occur. Such re-alignnent
can cause insertion force to rise to unacceptable |evels. This probl em has
been largely overcone by the present i,nvention. In the present invention,
the fusible elenments are deforned to'3§i el d an aspect ratio in which length
(the dinension parallel to the circuit board to which the connector is to
. be nmounted) is r ' j -0 par.alil.el . aline
from the point o?{gg?% gé%%g?f?” %Qﬁfggh%b%%lé%ltgﬁb%ggr elghtsic?t éafa?gr?e r.n{t?c}l such a
case, the aspect ratjo of the fusible_elenent is greater than one. In other
wor ds, t heCifayd toped Affelntoldsr b&ﬁﬁ@éwew#@é&wfe}ég o R imeal cenngeen
Consi der briefly, techniques for positioning defornmed fusible el enents,
such as sobateeerbthk centactreldnent endlthegiincintimuit behdnent s 32. Two gener al
techni ques are envisioned. In the first technique, the fusible elenents,
such as solder balls, are forcibly pressed onto the ends of elenents 32 and
thereafter deformed. The deformation protess.can include either fixing the
frame and Qressi or striking a platen-like device (not shown) against the
bottom sur gﬁzleg?ﬁé%{é%“%?égfqﬁ‘é?'ﬁmgr by pressing each sol der ball against
an anvil-like device. In either case, the solder ball is preferably
deformed to haveAd Wasadis@nerd dwapeonq peadhwhigh sHHEX ST Bh tRfuBdpEFY &t achi ng
fusi ble el ements, such as solder balls, onto the ends of contact el enents
32, the fusinaketoelhevinpt gre@er dphsityed Toethis ehd, #nesy oonrdeetori Malhasthebs of t he
contact elenments and subjected to heat in order to cause r -12 reflowto
occur. Ref ol | b @l“g-errpn { 9 t he
term nal s!tiﬁ)glséyebrﬁgfga ? g%??td %ﬁééﬁ‘eggﬁgl e eI'e}f\’rglrll(ttslgsgh?t}r%3 g%%rénggg’qﬂ‘a@?n, t he
def ormati on process .can, incl.ude. .eit.her f.ixing the fra and pressing or
Striking abblRpERared Ay hy VRgSh it reliettiote oSt e BB OF TEERYIs bl e
el ement or by pressing each sol der ball against an anvil-like device. In
ei t her cas€onndgtorfl(ds ssen teinshdasideayallsddangd 14raad baseovell def drnmmeber9fhave a
flattened shape. Consider the case where solder balls are used as the
fusi bl e el Blagey 18 Addt20rarerdispdsed inbowgn wtalli 1. (It Bhoddethttisltddshd iacidge of t he
sol der balls may extend beyond the ' spacing di stance established by
shoul der 4 : : pidie I t P hi onto
the circui tﬁefggg%ﬂégﬁl%§érl{’lﬁl ti aﬂy\;mtglgé%\lﬁ%?gratﬂg%sgggggr tal P\fcgfemte&gggol der
balls rather than shoul der_ 46 and | eg.48. We he, sol der |ts, .as during
ur | ng et RIS REiSo e BOGHT oT o i) SO Jellolfe. Shnapacestngiatss 2l
board, thereby reali gni ng the connector. Wen flattened or deforned (éspect
ration gredchidethappch shoster, qeompsessibde atal pedion whishcowerdst erly npsbert o
shorter distance. Accordingly,

distance from the bottom surface of bottom wall 16. It is noted that the serpentine

or S shape of the tail portion of blade 20 permits the tail portion to be compressed
upon the exertion of force on the tail. Figure 2 is a top view of plug 10.

Connectors constructed in accordance with the invention have the
advantage of requiring only half the pins having through holes while the other half
utilizes contact pads for establishing electricai connection. In back panel
applications, such a construction preserves the mechanical integrity of the back
panel while providing a significantly higher pin density. Figure 3 depicts the
portion of printed circuit board 22 onto which plug 10 is to be mounted. Circuit

board 22 includes a pattern of bores 24 and contact pads 26. It is noted that the



~the opportunity for msalignment is significantly |ess, because, prior to
“reflow, the connector is in a position closer to the desired posi%t?ﬁgé@,
three dinensions {x, y and z). Having the connector positioned a £

- the ultimate z position as possible, prior to reflow, is nost critical. In
particular, referring to Figure 7, it gM|l be seen that solder ball 50 has
been deforned, preferably by exerting a conpression force on the sol der
ball. The exertion of such a conpression force deforms the solder ball out
of a sphediamgtesphps tantyst pheénnbhgllérahpmghe diametareaicle thore and Shaphe i . e.
an aspect ration greater than one. When solder ball 50 is reflowed, it

returns t®opessipiebhal p aﬂb&feearﬁlh%éﬁ madnimmaﬁege@dtérﬁpsed or deformed shape
and changi ng the el evation of the connector. -13 exarrpl e of such a

ref | oned solder Q@ Ph%% lLQﬂﬁbQ %gam%% CﬁEtQ? ﬁﬁﬂﬁ Fﬁ%?ge re 8,

sol der ball as ex |stanc suc ectrica
contact is now made bet vveen CI rcuit board 40 and end 52 of contact el enent
32. It hadroaesiried dBi6vRATEY 2thal DGR 96| iRsaTtig Icpuses the campEegle erb
mechani cal forces generated during such operations cause re-alignnment of

t he connegbdiansSuditades2(ato gptablish eleatmicalacmeadt watr pads26f dt ceprefeetedefon mat i ng
connectors to rise to unacceptable |evels. However, by first shaping the

sol der baluhe%tauap%nmvm bildleEi1 910 Ye eitite d@i%%ﬁ@le%fr of ssﬁdplega PR aWRikfdh occurs
is significantly reduced. Insertlon forces o omnng refl ow of deforned

sol der balls not 1 9. unac be seen t hat
by uti i z.fﬂgeg’s%%%%e B moB BRI ER BB B Ztisien S BrldmiPl 10 Bt ace
with' circuit board 40, electri caI connect.i on can be established in a nuch
stal | er s@Rf Jeentieglectical Rttt GebYesn tha taik aprions ok bladsy 20 andgentactant | y
increasing the potential for contact el enent density. While the invention
has been gedc2éb.bed and illustrated with reference to specific enbodi nents,
those skilled in the art will recognize that nodification and variations

may be made Wi t héferggp J«It@@@@m E&heBior 9! %r?s‘ﬁu@tfedtlﬁ'%c&d}ﬁﬁ{&%'&ﬁh as _
descri bed herei nabove ‘and set forth in the follow ng clains. 4 What is

e | s iSRRI shE e 1Y o
pos! t ! Onecip;nrecfa?ercf t%iltnthginvse?lixgn goarplealslcab\f?teoreeltlhgr aplug or receptacle Connector
30 is shown diagrammatically to include a number of contact elements 32. It is
noted that the contact elements are oriented in generally the same plane and are
preferably provided as layer modules. Assembly of receptacle 30, thereby requires
the stacking of a number of layers of contact elements in a side by side relationship.
As shewn in Figure 5, each layer of contact elements includes a positioning frame
34 formed from upstanding portion 36 and base portion 38. It may be desirable
during manufacture, to integrally mold portions 36 and 38 to a series of contact
elements 32, thereby forming a contact element module.

One traditional method of mounting receptacle 30 to printed circuit board
40 would have been through the use of extended tails 42 which pass through

appropriately sized bores in circuit board 40 for attachment by soldering or the like.

However, as was pointed out in relation to the plug being mounted to circuit board



each of said first contact elements has an insertion portion and a taJ
portion having a distal tip and a |ongitudinal axis substantially{ §aMARed)?
with said insertion portion, wherein said tail portion extends a distance
-beyond sai d base nenber for contacting conductive material with said distal
tip; and a second plurality of contactjgel ements, positioned in other of
sai d bores, wherein each of said second contact elenments has an insertion
portion and a tail portion, wherein when nounted to a circuit board, the
tai |l porti @AdnFigwaBdberesmedtaplhaval limjting effon actoneicealemiest dwisitg. Tae t ai |
portions of said first plurality of contact elenents against said

conduct i vetHiRican] ale reMBshskof e fréddnt RVntiOASnOhidSah dydviel ?&u&h}é{ fl ty of

contacts are capabl e of axial novenent when a conpression force is applied

to said tai rtions., .2, .The copnector. of,clajml, wherein the tail
portions of ét%@lpsgﬁ@eég%cr?ac%Icﬁgtﬁ?tfbteg}vegfl r’?:‘%fir‘l‘?ea%ngnada‘ilécuﬁd’é?ﬁf‘%@'t o be inserted
into bores fornmed in said printed circuit board. 3. The connector of claim
1, wherein the taihe Pesent grvgniogn yalizes Sosiblecipnental for gxafiple, saldert badlss ar e
adapted to be inserted into bores fornmed in said printed circuit board and
wher ei n t hérimeettinganodile O baurd 4P0BetAU3s moduR FRisth KIGK @snsity wetidié,ci ent to
hold the tail portions of said first plurality of contacts in electrical
connect i onthaiysh o8 8dilerdallis Wifl bpggff‘éienﬁo %&‘Bli%&%‘&ﬁ%ﬁé&ﬁ&ﬁ oSBTk ey f2er €1 0
the tail portions of saird first p]l urality of contacts conprises 5
serpentine_structure.. . e
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the solder ball extends beyond the bottom surface of base portion 38.

Although the use of solder balls permits high density connection without

through bores, one problem still remains. Because the solder balls extend beyond
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rise to unacceptable levels. This problem has been largely overcome by the present
invention.

In the present invention, the fusible elements are deformed to yield an
aspect ratio in which lenétb (the dimension parallel to the circuit board to which the
connector is to be mounted) is greater than the height (the dimension parallel to a
line from the point of attachment to the circuit board to the frame). In such a case,
the aspect ratio of the fusible element is greater than one. In other vyords, the fusible
element or solder ball is wider than it is high.

Consider briefly, techniques for positioning deformed fusible elements,
such as solder balls, on the ends of contact elements 32. Two general techniques are
envisioned. In the first technique, the fusible elements, such as solder balls, are
forcibly pressed onto the ends of elements 32 and thereafter deformed. The
deformation process can include either fixing the frame and pressing or striking a
platen-like device (not shown) against the bottom surface of each solder ball or by
pressing each solder ball against an anvil-like device. In either case, the solder ball
is preferably deformed to have a flattened shape.

In the second technique for attaching fusible elements, such as solder balls,

onto the ends of contact elements 32, the fusible elements are placed near the ends

or terminal stubs of the contact elements and subjected to heat in order to cause
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platen-like device against the bottom surface of each fusible element or by pressing
each solder ball against an anvil-like device. In either case, the fusible elements are
again preferably deformed to have a flattened shape.

Consider the case where solder balls are used as the fusible element. After
manufacturing it is probable that the ends of the solder balls may extend beyond the -
spacing distance establisiléd by shoulder 46 and leg 48. In other words when the
connector is placed onto the circuit board it may initially be supported by certain of
the solder balls rather than shoulder 46 and leg 48. When the solder melts, as
during during reflow, the connector will physically move towards the circuit board,
thereby realigning the connector. When flattened or deformed (aspect ration greater
than 1) solder balls are used, the connector moves a shorter distance. Accordingly,
the opportunity for misalignment is significantly less, because, prior to reflow, the
connector is in a position closer to the desired position in three dimensions (x, y and
z). Having the connector positioned as close to the ultimate z position as possible,
prior to reflow, is most critical.

In particular, referring to Figure 7, it will be seen that solder ball 50 has
been deformed, preferably by exerting a compression force on the solder ball. The
exertion of such a compression force deforms the solder ball out of a spherical shape
to preferably having a flattened bottom shape, i.e., an aspect ration greater than one.
When solder ball 50 is reflowed, it returns to a spherical shape eliminating the

collapsed or deformed shape and changing the elevation of the connector. An
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] unacceptable levels. However, by first shaping the solder balls, as shown in Fig. 7,
the degree of re-alignment which occurs is significantly reduced. Insertion forces
following reflow of defoﬁned solder balls do not rise to unacceptable levels.
Thus it will be seen that by utilizing deformed solder balls for establishing
electrical contact with'circuit board 40, electrical connection can be established in a
much smaller surface area than heretofore realizable, there_by - significantly
increasing the potential for contact element density.
While the invention has been described and illustrated with reference to
\ specific embodiments, those 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.
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wherein the tail portions of said first plurality of contacts are capable of axial

movement when a compression force is applied to said tail portions.

2. The connector of claim 1, wherein the tail portions of said second plurality of

contacts are adapted to be inserted into bores formed in said printed circuit board.

3. The connector of claim 1, wherein the tail portions of said second plurality of
contacts are adapted to be inserted into bores formed in said printed circuit board and
wherein the insertion of the tail portions into said bores is sufficient to hold the tail

portions of said first plurality of contacts in electrical connection with said circuit board.

4. The connector of claim 1, wherein the tail portions of said first plurality of

contacts comprises a serpentine structure.



