6. NOV 2003 | HI GH DENSI TY CONNECTOR SYSTEM Fi el d of the Invention The
present, invention relates to electrical connectors, and nore part}cul ﬁ
~to high density connectors intended for the i.nterconnection of dau@ﬂﬂ%&ﬂ
_boards and back panels. Background of the Invention Continued advances in
t he design of electronic devices for data processing and comunications
systens have pl aced rigorous denmands 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
communi cation. Designing connectors to have higher densities and higher
pin counts requires careful consideration of the problens which result
from decreasing the distance between contacts. This is particularly true
in applications invol ving daughter board/back panel interconnections where
t he connector functions to establish an electrical connection and
functions to nmechanically hold the daughter board in position. 6 NOV U03 2
Density and pin count are often viewed interchangeably, but there are
inportant differences. Density refers to the nunber of contacts provided
per unit Jlength. In contrast, the nunber of contact elenents that can
reasonably withstand the nmating and unmating forces is referred to as the
pin count. As nore functions becone integrated on sem conductor chips or
on flexible circuit substrates and nore

HIGH DENSITY CONNECTOR SYSTEM
_ Field of the Invention
The i)rcsent invention relates to electrical connectors, and more
particularlyl;“ 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
and communications systems have placed rigorous demands on the design of
clectrical 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 densiﬁes and higher pin counts requires careful
consideration of the problems which result from decreasing the distance between
contacts. This s 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.



chips are provided on printed circuit boards (PCBs), each PCB or flexible
circuit nust provide nore inputs and outputs (I/0Cs). The demand for nore
1/0s directly translates to a demand for greater density without §NOV 2003
sacrificing electrical or mechanical performance', Particularly when such
devices and integration techniques are utilized in devices having back
panel s.. The i nportance of electrical“d%rfornance. of high density
connectors was recoghized in U S. Patent No. 4,824,383 - Lenke,

i ncorporated herein-by reference. This patent proposed designs for plug
and receptacl e connectors for multiple conductor cables or nultiple trace

substrates. In smdnsidp&h@(fﬁinaio@ﬁlt hteCéften P%Weﬁriﬁ?é?&%ng@ﬁgﬁsﬁwtﬁ%];b%g Nt act

electrically isolating individual contact elenents o oups

el ements t of~ conductive walls to prevent or. nimze
crosstal k gﬁ Sl ngfer%gcg?'ag)aetnfl%?e%fﬁ{lsttﬂétlfgﬂ‘fm{’ﬁec’ CHREE HP¥‘dG$n €T 48%d in
U.S. Patent No. 4,824,383 increased contact elenent density, industry
driven dels8gthy acpatiast. thenmymbes dftconigeionlements thibae meashiaably 5iBSENA28 -
Lenke et al. and 5,169,324 - Lenke et al. (now U. S. Patent No. Re.

35.508), athk magy gdnainedingefofies is Rferfel BrBNRE pirdésumt. OA8 hdle HAWoRL U9 and
receptacl e connectors for attachnment to printed circuit boards (PCBs),

whi ch conngebRleSn@gak ik lect hi c grfaormance through the
use of conducft‘?llr ve %F{as&fo &%@%@%@8?% &) FX1§lﬁ\fqﬁu\935€§c§&§§pd E?oégt ri cal
performance.for high density connectors was also the focus of U S. Patent
Nos. 4, 846 HF7STeIBYEC 60, PriNteh6irgbboasds) (P B4 sachsPUB @r fB3ible c54ait 211 and
5,286, 212. These patents disclose various forns of stripline structures
i ncor por atreusti provide npdragnputs and catpuaoLOsy Thedenland dohindke DORdifeyttpt ri pl i ne
structure, colums of contact elenments arranged in a side-by-side array
wi t h condugdnsiesPh@t £Sdemand for greater density without sacrificing electrical or
mechanical performance, partitularly when such devices and integration techniques
are utilized in devices having back panels.
Thg importance of electrical performance of high density connectors was
recognized in U.S. Patent No. 4,824,383 - Lemke, incorporated herein by reference.
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 receptacle connectors for attachment to
| printed circuit boards (PCBs), which connectors again exhibited good electrical

R

performance through the use of conductive walls to provide isolation.



di sposed between each colum. The connectors are designed so that the plug
and receptacle ground plates contact one another, thereby providing

i sol ati on between colums. A further aspect of this systemis the WOV
design of the receptacle. Each colum of receptacle contact elenents is
formed by nolding the contact elenentg into a. frame of dielectric
material. One of the problens with theSe types of connectors is that the
use of conductive walls. for electrical isolation requires .space. In
certain appli cat iEbsutritah pesfpanancerfor highndznsiec esstwrd was sl46hhd fuatoifon i s

I npractical. In those applications where space is critical, proposals for
achi evi ng ' € ' f V€1 dan hi gh
density colrjl%g?tagflgz\?h' ‘ﬁgﬁ’gﬁ’osﬁg%ﬁ)ﬁ@gﬁ%%eﬁldﬁb?“s‘l’i%gﬁbglt’ th%r g’ég?ﬁai& on, is
posi ti oned %gt e i ns.. connected to ground. Such patterns are known as
interstiti® ém%rren ese SPRANTS cYatlaw: vardse lmsaof evARINg atraGiygest ed i n
U S. Patent Nos. 5,174,770, 5,197,893 and 5,525,067. It will be

appr eci at edcérpatatethint@a plughandset eptictasyseheniasa idah dossityiseplzeeaiedrd, n nore
conpact connectors, such schenmes require greater nunbers of pins than were
aval | abl € dohwhi€oPecith@ dRplenfCRtiieb? th £ ARABSLAICHHS! it EQRUEId Mfes WaI I 5-

I n back panel applications, |ncre§S|ng the nunmber of pins has a direct

i mpact on chanical integrity. . the nunber of pins increases, the
nunber of SSHASER PeBEenFabh el The EUABECIAEY A8 detishiesythiak tsaiue 2afd

daughter board increases. As the nunber of bores in a printed circuit
boar d i ncrigespdsciogroundaplateh costanteond amthaletheshyipngviting idolatiambetwzes ween
each bore, as will be the case in high density applications, the
mechani cal colithfgr iA YurfHer biRecb8Rkids 9P 36 8 mOSuITEEARMN Sf4he receptacle.
Each column of receptécle contact elements is formed by molding the contact
elements into a.frame of dielectric material. One of the problems with these types
of connectors is that the use of conductive walls for electrical isolation requires
space. In cértain applications the space or volume necessary for such isolation is
impractical.

In thosg applications where space is cﬁtical, proposals for achieving
desired eIectﬁcal 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
5,7525,067. It will be appreciated that while such isolation schemés can be
implemented iﬁ more compact connectors, such schemes require greater numbers of
pins than were available in the previously descri‘t;ed connectors ﬁsing conductive
walls.

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

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



[——

‘ integrity decreases the ability for the back panel to nmechanically hold the
| daughter board in position decreases. It wll be appreciated that in back
| panel applications, the daughterboard is held in position, i.e., VBNDVQ
and horjzontal orientation, sonetines exclusively, by the connector use

to electrically interconnect the two. ught erboard size, the nunber of
daught er boards and the conponents nounted to the daughterboards conbine
to. produce the stresses and nonents acting on the back panel after

assenbl y. t : rj | LN particul ar

| ocati ons &{ﬁgeg%e ct)ﬁllggglgéjro %frsiulﬁbatg]gsbgg\i?%é? %ﬂy&;@%g@&f o? ﬂf#%ﬁgehag%brg‘g,th%ack

panel failure can_occur, i.e., the back panel coul d deformor even break.
One ni ght RBRRruBE POFREt Iy ﬂep%ra%tqréwtt‘waﬁﬁdkcrmﬁﬁ@wm&n&amecaamq dimer e

woul d be to use surface nount techniques to establish electrical connection

to the baddcrqaaing| the Slistances bethaere engiubbrel @s hmillqbeshel@aseoin highuddnsity he use
of through holes, such techniques would afford the ability to connect high

density CORMREMRIS, YR WiRhaflefinRaRRl ot hBOW4 TBRLIA0 TRCAAMARG

integrity. ‘Unfortunately, suc ut1 ons J e unsucces

nmount techni ques .typically . invol ve tenporarily fixing a conponent to a
printed ci'® Bﬁégﬁe%&eﬁé’ﬂ&y a%@&.bas&f P@}elﬁggﬁch@,lcﬁw ol thegdayghter
tenporarily fixed conponents are heated in order to reflow solder materi al
pr evi ous| ybaodirepbstminodeacteasdseads of the surface nount conponents. | n back
panel 6 NOV 2003 5 applications, numerous connectors are attached to the

back panel boar di wi Edapprecidti®@irfatid Yack gaBbPdppriednibnk 2he Gatdti&dbiraqpard. |I'n
order to assure adequate reflow, thereby establishing good electrical

connect| Orhelé A p(r)]sl,il orE,Olk!:?, vertida? i’ lt'xgrizsd%a?%%er?t\éggn,asometimes exclusively, by

the connector used to éiéctric'ally interconnect the two. Daughterboard size, the
number of daughterboards and the components mounted to the daughterboards
combine to: produce the stresses and moments acting on the back panel after
assembly. if the amount of back panel material is reduced in particular locations
due to larger numbers of closely spaced through bores, back panel failure can occur,
i.e., the back pamﬂ 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. Unfortuxiately, 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
temporarly fixed components are heated in order to reflow solder material

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



relatively | arge board, the back panel board would have to be subjected to
significant heat. Unfortunately, heat which is too high or too long in
duration can actually interfere with establishing good surface nogdeINB
term nations. Consequently, surface nmount techniques do not formthe answer
to the need for higher density connecfors for back panel applications.
Consequently, a need still exists for” @a“connector system which maxi m zes

t he nunber of contact el ements avail abl e for ground/signal assignnent and

whi ch doe 4 ' ' t.h l ectrical ,or, nechanical integrity of
back pane|ﬁ%ﬁ%&??ﬁ?@%ﬁ%hﬁgdﬁékgﬁ‘EF“%&ﬁ%ﬁﬁé#ﬁﬁﬁ%HmﬁhP%ﬁp th wdichaksen into
account wheri ﬂesi g{]i,ngl hi gh density connectors, particularly for back
panel appl VESRI YRl Velydarge sirgut beardnén orser tocassure aflequattrefick thgrebhe
receptacle portion of the connector. One inportant factor in receptacle

at t achment establiahingngeenit eletihienl eormeatiing o GRREAES RoFHOhARL sHlei®REr LS
m sal i gned, insertion force increases a negligible anount.” However, when

m sal i gn ; NSl [ [ contact receptacle, insertion force
Cout d i merSugey Lgk el B BEIE Pt "OPE ChabA” GBtE Ger sybard ghnent
occurs duri.éﬁ the rmu%hgg of a rece&éaql e to acircuit board, it may
become i npt&BfiFany hep, Uatehd beptowhish iptast wgh too teo [phpgn durationearer sa.
Consequently, a need still exists for a high density connector system which
provides sastvallyiieterfesd with mbliafmggommfawgmauptenhﬁﬁﬁoﬁsn@%ﬁééqaéhtﬁef ce

remains wthin acceptable limts. 1003 6 N O V Summary of the Invention
The above siefmes nRsifht REHAGRRE B ot "BRR' HE InfNY 81 mead YA Ni2HS a s
' connectors for back panel applications. |

Consequently, a need still exists for a connector system which maximizes
the number of ﬁontact elements available for ground/signal assignment and which
does not jgopardize either the electrical or mechanical integrity of back ﬁa.nel
applicationé.

One other consideration which must be taken into account when designing
high density conpectors, 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 negligii:le amount. However, when
misalignment occurs in a high density contact recepiacle, 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 im.practical 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.



achi eved in novel high density electrical connectors. In one enbodi nent,
the connector includes a base nenber having a plurality of bores. A first
plurality of contact elenments is positioned in certain of the bdr

second plurality of contact elenents is positioned in others of the bor es.
‘The tail portion of each contact elenEnt extends a distance beyond the
base member. The insertion of the tai’l® “portion of the second plurality of
contact elenments into circuit board through bores is sufficient to hold
the tail portions of the first plurality of contact el enents against the
circuit boalmmaxy efghglaventiond for the tail portions of the first plurality
of contacts to be capable of axial novenent when a conpression force is

applied. In this That @cﬁoveeﬂ@@ﬂbéﬂeﬁﬁoblérﬁs 2% PRBREH az{rdePﬁépfagcéngg%%ﬁ{r}e;he tail

portions of the second plurality of contacts to 1nc

structure. oth he. connect or |ncludes a frame and a

| ayer of c%lrl] tmeﬁ n?gﬁgg déeflg}]cﬁ gl £oeriorsre . In piehembodiment dhe act

el enents i ncl udes a receiving portion and a tail portion. The ends of the

tail porti¥macees isdudes iadrasel meprhex having atpleraliot sfoborsar faget plurdiip of r ane. A
plurality of fusible elements, for . exanple, solder balls, are |ocated

proxi mat e ¢dneace eiénechits f(sﬁb@sxhéhéd BUetthRT -thd 90r§ Ich ﬁ@ondﬁﬂ}ﬁﬁﬂ%@émﬁta{cpe sol der

bal | s extend W|th| n a desi red di st ance fromt e base fesu

achi eved def o heric shape. It is

especi al | SEM %#15 tgglﬁ ﬁl%he‘? eef‘%1 ﬁgﬁe gﬁﬁér i 'thaﬁl taéﬁg‘b'@o{‘oo hgafl ePntacht t ened
bottom surface. 003 -7 In a still further enbodi nent, projections
are attacHetmey 'F’H%mﬁo% tdéﬁﬁnéﬁ heyend tharbaseomeinbgi. nTharidsespac iofighsaaitl fr ame

~inrelation to a printed circuit board. In
portion of the second plurality of contact elements into circuit board through bores

is sufficient to hold the tail portions of the first plurality of contact elements against
the circuit board.

It is preferred for the tail portions of the first plurality o_f contacts to be
capable of axial movement when a compression force is applied. In this later
cmbodiment, it ig especially preferred for the tail portions of the second plurality of
contacts to include a serpentine structure.

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 located 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.



this enbodinent, it is again preferred for the solder balls to have a

def orned spherical shape, wherein the deforned spherical shape is
flattened, i.e., the aspect ratio of the solder ball includes grﬁzﬂﬂﬂ:rmm

| ength than height. Brief Description of the Drawings The present invention
will be better understood and its nunezous objects and advantages w ||
becone- apparent by reference to the Tol'lowing detailed description of the
i nventi on when taken in conjunction with the foll ow ng drawi ngs, in which:

Figure 1 is a palfa sdll SatHer embdbdiviedyy bjeatiditasie hitt 20886 id thebBfoibageor dance
with the present invention; Figure 2 is a top view of the conpl ete header

i th the present invention; Fi 2 top view of the compl ete head
b ch 1 he eyl Ky Spatile®sel et TPlaon bo'8 PIY Gl i L o

side view of a receptacle constructed in accordance wth theegresent
i nvent i on;thisi gabedimients 1his agmar prefereraigr dhergelder \biablay tofhavhen delospedicl e
depicted in Fig. 4, Figure 6 is a still further enlarged view of an end of

one of thepheidahehape| emerds thaléfognel gleded] shapd isnaithed itdehetagpecki gure, 7
is a view of the contact elenent depicted in Fig. 6 after the sol der bal

has been qgﬁgggﬁgsbﬂﬁpbﬁpﬂﬂﬁﬁ¥%gmg@g&ég@ng%%ﬁgkﬁ;the i nvention; and 6 Nov

2003 8 Figure S aviewo con depicted in Fig. 7 and a
printed circuit board after the solder ball has refl owed establishing an
el ectrical connection

Brief Description of the Drawings

The present invention will be better understood and its numerous objects
and advantages will become apparent by reference to the following detailed
description of the invention when taken in .conjunction with the following drawings,
in which:

Figﬁre 1 is a partial sectional view of a hc'aader construct?fi in accordance
with the present invention;

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;

| Figurf.:‘,’! 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



bet ween the contact elenent and the printed circuit board. Detailed
Description of the Invention As was di scussed above, one need which stil
exists in the industry is a connector having greater density. To this end,
a new connector 10 has been devel oped and is generally depictedBiNgYFOBure
1. Although depicted as a plug, it will be appreciated that the invention
Is applicable to either a plug or receﬁracle. Connector 10 is seen to
include side walls 12 and 14 and base wall 16. A nunber of blades 18 and
20 are disposed ifn bot onlmallflg. It is noted that blades 18 include a
def ormabl e tail poB¥icoh!® HYEFeMABE FoRtactafansms dgpistedandrigst and a pstadi on

whi ch extends a distance below the bottom surface of bottomwall 16. By

contrast, siradiédo@d afientieudéden bailhibs sdflomice restab st € 515 it @ichBddnnQidni ON
whi ch extends only a short distance fromthe bottom surface of bottom wal l

16. It is fb@ﬁ%énttﬁ@éonﬁd%?eﬁﬁfeﬂﬁﬂ{ditﬂggﬁ bd BirclfRs@f the tail portion of

bl ade 20 permts the tail portiont e conpréssed 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 cdiitaided Besgription ofthebiviestiomg: el ectrical connection. In back panel
applications, such a construction preserves the nmechanical integrity of the

back panel whi | eapwayidiciged ao@ioht GREY wu-ég,i %gﬁaxigésqnqﬁé‘%&p%%% ure fo

depicts the portion of printed circuit boar onto which

be nmount ed | R o) 22, includes a pattern of bores 24 and contact
pads 26. It O%chdétﬁea I@ng{egicﬁedegsl&ovdgbmlg e9dy 2 aRY OTRFClen &0 destheen pad s
smal | er thgn the dianeter of the bore and that the bores and contact pads
are arr ang88v§lapesiang i gsnselly figpistediia Figure 1. Although depicted as a plug, it will

be appreciated that the invention is applicable to either a plug or receptacle.
Connector 10 is seen to include side walls 12 and 14 and base wall 16. A number of
blades 18 agd 20 are disposed in bottom wall 16. It is noted that blades 18 include a
deformable tail portion, preferably in the form of a press fit section which extends a
distance below the bottom surface of bottom wall -16. By contrast, blades 20
include a much .shorter, compressible tail portion which extends only a short
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 e]ectricai 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 pﬁqged 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



When plug 10 is nmounted to circuit board 22, the tail portions of blades 18
are inserted into bores 24. The force of insertion causes the conpressible
end portions of blade 20 to establish electrical contact with pads 26. It
is preferred for the tail portions of blades 18 to be either defgmmblm or
of a shape to cause a friction force between the tail portion and circuit
board 22 sufficient to hold plug 10 im%place and naintain electrical
contact between the tail portions of blades 20 and contact pads 26.
Referring LU ; [ - ' ith the
present | ruBeich oA gt RAPRRELREr f ARHANELE0r WY BRCOSOTIRSE e, 1
w il be ppreci ated that the invention is applicable to either a plug or
recept acl ePOTEHAMETANACt Pads 3re ATIBRA ARG ARG RAMETY to incl ude a nunber of
contact elenments-32. It is noted that the contact elenents are oriented in
general |y the sa¥éhgu Fnge l@ndmaneted py @feitivlayd 2w taflggbridens! cf\bdadesdgul es.
Assenbly of receptacle 30, thereby requires the stacking of a nunber of

| ayers of : j N [ b ige: .re | .0 ' in
Fioure 5 SEoRAisaCnRIPOLS 34 TS| MR Y Hloh St B Melrmrea dT ' "o,
formed from .ugst di ng portion 36 and base portion 38. It may be desirable
during marRfitieRsPeblady 29 i exjrbitshelseiicel gentastonith Badsatfy Bds prrierrakfores of
contact elenents 32, thereby form ng a contact el enment nodule. One

t radi t i onathe tesl partiond ofirladesi 18go be edheraief@an@dle @ qirai shepckocianseud frichoard 40
woul d have been through the use of extended tails 42 which pass through

appropri atRlde wtwesh ML tAFpdrilof H@Hf@uith%fdhzlgufﬁ@iren%tlﬁ@&m?tlOq}( p?a%lzde!' i ng
or the Iike. However, as was pointed -out 1n relation to tThe plug being

e i R D B SR B S o T

alimting

pads 26. e

Referring now to Figure 4, connector 30, constructed in accordance with
the present invention will be described. Although depicted as a receptacle, it will be
appreciated ‘that the invention is applicable to either a plug or recep_tacle. Connector
30 is shown diagralnmaticélly to inélude a number of contact elements 32. It is
noted that the cqntact elements are oriented in generally the same plane and are
brefcrably 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 sh;)wn in Figure S, 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, fhereby 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
appropﬁately sid_zed bores in circuit board 5;0 for attéchment by soldering or the like.

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



this end, the receptacle of the present invention includes a novel
structure for establishing electrical contact between nodule 30 and circuit
board 40. The present invention utilizes fusible elenments, for ex g umg
sol der balls for nmounting nodul e 30 to board 40. Because nodul e 3

hi gh density nodule, the use of solder balls will be sufficient to
establish both electrical contact as F as providing sufficient
mechani cal force for maintaining the attachment of nodule 30. To this end,

a pattern t 0 osed on fhe surface of
Ci Irocwt bogfr2 EE]%\ %%%P'esséégg%] I}?Xe\avg ’?J‘?B%l gflE Bheapiacs elsaent densyy. flor
aligning t e ta'wl’3 ends of contact elenments 32 above |nd| vi dual cont act

pads. Shoult th Jefeptpcleg o dey present sipmoionhincluded armefel asetupoiféd on 38
fromthe top of circuit board 40.-°l.t may be desirable to precisely fix

this di st arsteblifsnglettriosi @xpkeieneetn Hod1&86 $hd S6ha Boatdlap F €1 ation to
Figures 6-8, contact elements 32 are electrically connected to contact

pads (not shown) f reu oard 40 through the use of

sol der balls. Refgﬁ%%geﬂgwe%?&h é[ﬁeé %f‘b[%@e’@ﬁlﬁs I Gnample; solderchbisact

el enent s 3? di scl oaed A fusible elenment, for exanple, solder ball 50
i s shown at?dBRERYHEMERge 3850 b%fﬂ&@hﬁ@museﬁn@blecﬁhsbahlghEenar@n'n@cfu]&;y any
suitable neans, for exanple by reflow ng techniques. It is noted that the

bot t om sur thewsea sbldsebAR veilthendficiens Rosstablidi sbANIR LAY efdadi e u%g)dass urface
of end 52. In other words, the end surface of end 52 is recessed within

base porti bev?tﬁng%ffﬁﬁerﬁ?e%ﬁg}ﬂn?am?o éfo?%aﬁ&%g@ngl Sg?tpgﬂnendfg{}zqquié}]so' der

bal | extends beyond the bottom sur ace t he use
of sol der Ji;s tin rmt gﬂ denS|t connection w thout through bores, one
probl em still rS ﬁspa S t"“lcﬁéa {ngk Fhayam) aye dispeseil o Jmsiréachlef 2 3 -
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circuit board 40.

A keying peg 44 is provided on base portion 38 for aligning the tail ends
of contact ell'ements 32 above individual contact pads. Shoulder 46 and leg 48 serve
to space thé bottom of base portion 38 from the top of circuit board 40. It may be
desirable to precisely fix this distance. As will b‘e explained in greater detail in
relation to Figurgs 6-8, contact elements 32 are electrically connected to contaét
pads (not shown) on the surface of circuit board 40 through the use of solder balls.

Referring now to Figure 6, the end of one of the contact elements 32 is
disclosed. A fusible element, for example, solder ball 50 is shown attached to end
52. Attachment of solder ball 50 can be by any suitable means, for example by
reflowing techniques. It is noted that the bottom surface of base 38 extends a short
distance beyond the end surface of end 52. In other words, the end surface of end
52 is recessed within base portion 38. After attachment of solder ball 50 to end 52
the solder ball extends beyond the bottom surface of base portion 38.

Althog_gh the use of solder balls permits high density connection without

through bores, one problem still remains. Because the solder balls extend beyond



the bottom surface of base portion 38, connector 30 nmay be suspended a
short distance above the circuit board when the connector is assenbled onto
acircuit board. In such a situation, when solder balls 50 are reflowed in
order to establish electrical connection with the contact pads (HIN8V 1
shown), novenent, i.e., re- alignnent, of nodule 30 will occur. Such
re-alignnment can cause insertion forédlto rise to unaccept abl e | evel s.
Thi s probl em has been largely overcone by the present invention. In the

atio in o ohepB st el TeBETOR BaPleriot D B e Resbeied S5 Lo

which the . connector is to.be nounted) is greater than the height (the
di mensi on Gsanae Movedhe cicpigdopidowhem she epmmectsr iatassenthieshbntooa tekreuiti r cui t
board to the frane). In such a case; the aspect ratio of the fusible

el ement i $ogrdealesuchhasingrien, Whertd18¢r Yl &9, ark hendwiad B Sdelott®iisipr sol der
ball is wider than it is high. Consider briefly, techniques for positioning

def ormed f.usi S it b S ol der bal | n the ends, of contact
el enent s fgl?%h?év\ag gg\denﬁg“;t & £ é%hhlélgegﬁeétagtr é’a&serw&sisg‘?% » PRVEREL i-Fat e
techni que, .the fusible el enents, such as solder balls, are forcibly
pressed offi8NIREL ghwdgie 3 wHeercsr. 3Buchng-alisameat ey cated msertign faice to

def ormati on process can include either fixing the frame and pressing or

striking aisepd anaweptalie lereals. CEhi§ pedblah bunbeddiaidest otdieorRObY Y Sresehace of
each solder ball or by pressing each solder ball against an anvil-Ilike
devi ce. | ip®intiRRr case, the solder ball is preferably deformed to have a
flattened shape. In the second technique for attaching fusible elenents,

such as sol der |GF1 onto the eq%gigt contact elenents 32, the fusible
el enents are pl aledfrsFY FVBHOR thg fusible slgments; 3p Jefgrmegtocyigidan

el enents and subjected to heat in order to cause 6 N O V 2003
aspect ratio in which length (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 thg point of attachment to the circuit board to-the frame). In such a case,
the aspect rétio cof the fusible element is greater than one. In other vyprds, the fusible
element or solder. ball is wider than it is high.

Considelr 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 pfeferably deformed to have a flattened shape.

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

- onto the ends q_f 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



- 12 reflow to occur. Reflow will cause the fusible elenents to becone
attached to the termnal stubs. Thereafter, the fusible elenents are
deforned. Again, the deformation process can include either fixi

frame and pressing or striking a platen-like device against the bottom
surface of each fusible elenent or by pressing each solder ball against an
anvil-1ike device. In either case, thd“usi bl e el enents are again
preferably deforned to have a flattened shape. Consider the case where

| der bal | he_fusi bl . Af f
or obabl o KIS e YERl Kbl LG PeohFPE ey i Fo e Ba it edhls Fepaci ng

di stance established by_shoul der 46 and leg 48. In other words when the
connect or MR celgbsnt dhemeafiari thaifusibisaeigmentsnase idaforinegd.| y Assirsutbport ed by
certain of the solder balls rather than shoul der 46 and | eg 48. Wen.the

sol der el Wstormationlpfdceg EhirindIgde efthed ixind) ereCRANE GhA pretbink RIMRigakL! Y nove
towards the circuit board, thereby realigning the connector. \Wen

fl d : ' | der bal |.
used, the DENAENREFE e ARREE b BB yParEh Ll AREB sy oF by tBBor cuni 1y

for msalignnent is significant|ly |ess, because, prior to reflow, the
connect or Fach solder haljagnipst ap apyidtiikedevine Heether gassotdietfinbleicemdmteare
di rensions (x, y and z). Having the connector positioned as close to the

ul ti mat e zagaisipréferabhsdefraridhd Bave Pflatthed shapef | ow, is nost critical. In
particular, referring to Figure 7, it will be seen that solder ball 50 has

peen def ormed, DIERRIGPI Al FHéE LOIRG Pk APPLETSL A AOBRCORANARe! der
h np or er

ball. The exertion of such a conpression ce deforns the sol bal | out
an aspect FERPERAGREd: S-Sl BREH e S s tlF masevE PEI e, 11
returns to a spherical shape elimnating the collapsed or deforned shape
and changi sepcingediglageatstailisbéd b shaddaretdt ord leA8. In other words when the

connector is placed onte 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 duﬁﬁg reflow, the connector will physically move towards the circuit board,

thereby realigning the connector. When flattened or deformed (aspect ration greater

than 1) solder bal}s 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 prefgably having a flattened bottom shape, i.e., an aspect ration greater than one.

When solder ball 50 is reflowed, it retums to a spherical shape eliminating the

collapsed or deformed shape and changing the elevation of the connector. An



6 Nov 2003 - 13 exanple of such a reflowed solder ball is shown in Figure
8. As can be seen from Figure 8, solder ball 50, after reflow has
extended a di stance such that electrical contact is now nade bet

circuit board 40 and end 52 of contact element 32. It has been di scovere

t hat when solder balls are reflomed,_?ég_nechanical forces generated
during such operations cause re-alignnent of the connector. Such
re-alignment can cause insertion forces between nating connectors to rise
to unacceptable | evels. However, by first shaping the solder balls, as
shown in Fig. 7, the degree of re-alignnment which occurs is significantly
reduced. | ﬁ’g"é?l?'?cﬂf SPS]? & &sllowesd soddar bgllieshaywm ¥ Figeteck. mad canlbdeseerbfibins do not
rise to unacceptable levels. Thus it will be seen that by utilizing

def or med sbigies 8padlder bal SesifedylreBiWwNBas elt@fled iaCaiktapONbdd thal bldcicsIcui t
board 40, electrical connection can be established in a nmuch snaller

surface ar eenthiadnéo nPAdRTbRhGech@ALLE B8R 400G LRP¥S oF otk el SARLL Y
i ncreasing the potential for contgcﬁggﬁéggﬂge%@%%?%?&“%ﬁfﬁ%??%éﬁ1nvention
has been describq? aq%?illustrqiﬁg with reference to specific enbodi nents,
those skilled in it WS OFFE GCPYCTFG iRy hsw selder balls are reflaviednthgrmecheaieslat i ons
may be nmade without departing fromthe principles of the invention as
descri bed fs¢esi seabiad gsich operetionsncanberet alignmenngf tHeadoiBector, 1Such 6 NOV
2003 What is Clained is: 1. A connector, conprising: a frame; a layer of
contact el mraignientidanClde tifsc¥Biil fhFc@iMbetween mating connectors to rise to
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 deformed solder balls do not rise to unacceptable levels.
Thus it will be seen that by utilizing deformed solder balls for establishing
electrical c'o_.ntact with'circuit board 40, eléctrical connection can be established in a
much smaller surface area than heretofore realizable, thereby - significantly
increasing the potential for contact element density.
While t];e 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.



wherein each of said contact elenments includes a receiving portion and a
narrowed tail portion, wherein the ends of said narrowed tail portions are
positioned proximte the bottom swfage-of said frame; and a plurality of
shaped fusible el ements, wherein each shaped fusible elenment is IGNG¥t200
proxi mat eWwhhe eadCoé&imsdi dsmarrowed tail portion and includes a surface
engagi ng portion spaced, fromthe tail portion, said surface engagi ng
portion being deformed prior to the connector attaching to a nounting
surface on, mhlghcéhgecgggneggﬁFriglﬁgunted 2. The connector of claim1,
wherei n sai d shaped fusi bl e el enent s conprise solder balls that extend
within a desifeéfirdingtance fromsaid base. 3. The connector of claim 2,
further conprisi roj-ections, att to t f id frame for
spacing said f?agg 9 E %On%ﬁggdeégﬁgﬁgf’bokqgcg%% $%t%§3%ﬁégi3{ ‘of claim
2, Wwherei ﬂhéﬁbﬂnsole@% bad:fs saodpr ickataatef o hadlespdher inall usbape asel ect ed
to mnimze any forces which m ght cause re-aljignnent to occur as a

resul t of Teeft W95 p%@%c?ﬁiﬂceﬂ BBRREYESr ta\‘ldf nBAT By OR he "Yediss Nof :

brovi di o R 1A, 521 A R34 (A58 1 ol OXEMl RGA ot [ Ly Of
contact elenents, said plura |ty o cont act enents each having a narrowed
tail proximate the bottom surface of sald frame; and

a plurality of shaped fusible elements, wherein each
shaped fusible element is located proximate the end of
said narrowed tail @portion and includes a surface
engaging portion spaced, from the +tail portion, said
surface engaging portion being deformed prior to the
connector attaching to a mounting surface on which the

connector is mounted.

2. The connector of <c¢laim 1, wherein said shaped
fusible elements comprise solder balls that extend within

a desired distance from said base.

3. The connector of claim 2, further comprising
projections attached to the bottom of said frame for

spacing said frame from a printed circuit board.

L The connector of claim 2, wherein said solder balls
comprise a deformed spherical shape selected to minimize
any forces which might cause re-alignment to occur as a

result of reflow.

5. An electrical connector, formed by the steps of:
providing a frame, said frame having a surface;
providing a plurality of contact elements, said

plurality of contact elements each having a narrowed tail

portion;

providing a plurality of fusible elements;



portion; providing a plurality of fusible elenents; - 15 6 NOV 2003
attaching said plurality of contact elenents to said franme so that said-
narrowed tail portions are positioned proxinmate said surface of GNIVA00]
frame; attaching each of said plural-ity of fusible elenents to a
respective one of said narrowed tail portions of said plurality of contact
el ements; and nechanically deformng said plurality of fusible elenents;
wherein said efBERFNEAD earsedlorrals tyubstquentayt allemehed to a@adid cuit
board. 6...T eels(gcttrhi‘,ﬂc;calSconnect or a% recited in claimb5b, wherein said

def orming Step conpritesSthed SFEpCBFY &éhpr RN niPR%i 8THI BREHIEPISE f usi bl e

el ement s poiiwdtet beiw dubratceaeh saf gsaid.urality of fusible el ements
is greater than the height of each of said plurality of fusible elenents.

7. The el ectrizttacbhnaceschasfr eciitepliveal aiyn 6f fhiotbd byetleats
clect ri Al comnesterc P i e PE 1o bodrd FeiRbqbent (R SaRN 9ePdr i ng
st ep; said plurality of contact elements; and
mechanically deforming said plurality of fusible
elements;
wherein said electrical connector is subsequently

attached to & circuit board.

6. The electrical connector as recited in claim 5,
wherein said deforming step comprises the step of
compressing said plurality of fusible elements so that
the width of each of said plurality of fusible elements
is greater than the height of each of said plurality of

fusible elements.

7. The electrical connector as recited in claim 35,
formed by the additional steps of:

providing a circuit board; and

attaching said electrical connector to said circuit
board subsequent to said deforming step;

whereby said deforming step minimizes any forces
which might cause a realignment to occur during said

electrical connector attaching step.

8. The electrical connector as recited in claim 7,
wherein said circuit board providing step includes the
step of positioning said circuit board a distance away

from said fusible elements.



wher eby said deformng step mnimzes any forces which m ght cause a
realignnment to occur during said electrical connector attaching step. 8.
The el ectrical connector as recited in claim?7, wherein said ci rcw’vtm@oard
providing step includes the step of-positioning said circuit boeﬁr a

di stance away fromsaid fusible elenents. - 16 6 NOV 2003 9. The

el ectrical connector as recited in claim5, wherein said deformng step is
per f or med? subs@hgenelectrdaiad f ushbleetelrenart abtaebungigt ep1alR. FThe

el ectri c%hconnect or.%s J;efd ted in claimb5, wherein said fusible elenents
are sol def BaftE Mt hg T F " DortEen.is performed subsequent to

said fusible element attaching step.

10. The electrical connector as recited in claim 5,

wherein said fusible elements are solder balls having a
flat portion.





