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HOUSI NG FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
generally to el ect rical connectors. Mdre specifically, the invention
relates to %[@? Ace: nount connector, such as a ball-grid array connector
(* BGA connec 12633%/i ng a housi ng formed with segnent s PCRAIS2004PSH0t e ai r
circul ation and stress relief. BACKGROUND OF THE | NVENTI ON [ 0002]

Sur f ace- mount connectors such as BGA connectors typically include a
plurality of electrically-conductive contacts nmounted in a housing. Each
conductor has a solder ball attached to a tail portion thereof. The sol der
balls collectively forma ball grid array. [0003] The solder balls are used
to formelectrical and mechanical connections between the connector and a
substrate, such as a printed-circuit board (PCB), on which the connector is
nmount ed. The connector is nounted on the substrate by heating the sol der
balls to their nelting point. The nolten sol der subsequently cools and
re-hardens to form sol der connections between the connector and the
substrate. [0004] The solder balls can be heated by placing the connector
and the substrat e EEEGTRIGOAcCONNEEMORy VOIAEL SEGMENAED HOUSINGheat ed air
over the connector. Heat is transferred to the solder balls directly and
indirectly, by a conbination of conductive and convective heat transfer.

[ 0005] The rate of heat transfer to the individual solder balls usually is
not uni formthroughout the ball grid array. In particular, the heated air
primarily coritIEdﬂ]sOFt'ﬂHEiN\éENﬂ!Ol\Eurfaces t he connector, and t he out er nost
solder balls int |1

proxi mate to the g@?‘pﬁ pEr |prr%§en mvg% Qrﬁ‘rel%tqslgggerr? O;L%Ctg nrle?t%?sl q\qrr%r:gt

sol der bal | s spéfiedlly; thetinvehtion rélateeiosesuafabe-gloant emaeciodr, eﬁckt dsertatil-gridener gy
than the innernost, | ntral lys;d ocated, sold ball.s. 1 007/ 126534
PCTI US2007/ 0(5‘5%6°“’t“6866135r§§°ﬁa%°8&tL%?Y‘Bﬁéi’%?s‘%f‘ﬁ“i“égé‘ﬂﬁ’ steﬁ'é‘%i?ha nergy to
t he i nner nostpre@bteiaiitiiilatibs abdktresgtdlidf.array to nelt the centrally-1ocated
sol der balls can be addressed by

BACKGROUND OF THE INVENTION

[0002] Surface-mount connectors such as BGA connectors typically include a

plurality of electrically-conductive contacts mounted in a housing. Each conductor has
a solder ball attached to a tail portion thereof. The solder balls collectively form a ball
grid array.

[0003] The solder balls are used to form electrical and mechanical
connections between the connector and a substrate, such as a printed-circuit board
(PCB), on which the connector is mounted. The connector is mounted on the substrate
by heating the solder balls to their melting point. The molten solder subsequently cools
and re-hardens to form solder connections between the connector and the substrate.

[0004] The solder balls can be heated by placing the connector and the
substrate in a convection reflow oven. The oven directs heated air over the connector.
Heat is transferred to the solder balls directly and indirectly, by a combination of
conductive and convective heat transfer.

[0005]) The rate of heat transfer to the individual solder balls usually is not
uniform throughout the ball grid array. In particular, the heated air primarily contacts
the outermost surfaces the connector, and the outermost solder balls in the ball-grid
array, i.e., the solder balls located proximate to the outer perimeter of the ball-grid
array. The outermost solder balls therefore tend to receive a higher amount of thermal

energy than the innermost, i.e., centrally-located, solder balls.



sl ow ng the speed of the connector and the substrate through the convection
reflow oven, i.e., by increasing the dwell time of the connector and the
substrate in the oven. This approach can |ower the yield of the oven, i.e.,
nunber of cgQnnector and substrate pairs that can be processed in the oven
per unit tiM@26B6%4 Alternatively, the tenperature of RCEUSTeEHoess®i I
within the convection reflow oven can be increased. This approach, however,
can result in unintended connector, substrate, or conmponent damage. [00081
Mor eover, BGA and ot her types of connectors typically operate at

t enper at ures above anbi ent. Tenperature changes can cause the connector and
its nounting substrate to deflect, i.e., to expand or contract. The anpunt
of deflection of a conponent as a function of tenperature change often is
expressed as the coefficient of thermal expansion (CTE) for the conponent.
The anount of def{0@@fli chhengeditd transéet sbificianh thecmalenetgyrto dhalingerbwist partion n

response to iV f. eratur | | fif 0 rds, the
Cres o the SoRCeIE TR R e pRRALUE torflsbofh yn od DBt

Di f f er ences shavingde dpeed afithe cdnmxctar ed thelshistiatmithoeghdied teotdétion reflow he
connector and the suhstrat.e can induce [esses, on e sol der. nnecti ons
bet ween t he °Vteﬂn"ec§’r¥p'8ﬁr§ﬁ?gg ﬁ‘fﬁjé”scgqgﬁ %@*@%%‘?m‘r‘f gﬁ)’é%‘i’%@’egegsrt ra%ﬁflﬁ ?cp Vé"%heat ing
and cool i ng Thi¢ histoadhreah @6werdhé gieitof théievemml.e.cotahber@f Lomotonendk amstrdte sol der
connections. Wakening of a splder connecti.on can affect the integrity of
the signal tRR¥AS t§§‘?g‘?1p’i°ﬁ?§§ PR VRGP UBnnect i on, and in extreme cases
SUbstrate. SUMMAY OB ThE TIVEPLEN L oOt0L T bel b ol va. ureven. neating of
substrate. A o hel p solve uneven heating o
Surt ace: mourfEHEBANEE RS waw# ?%P@r@% B e can regulgin lgmta@?egbm |'s, the
present i nVejdhh&itor, fistRSorddbnilonEhtidaf@pe. connector that has voids that
pronote circul atign of air thrqugh H;e connector. In eneral , one aspect of
the present inver9PeH ikdque&%égﬁea pheryPEsRf COBRRCLATS oY aally RPERte &t he

connect or t Qempbratui@bRde ainbiedt! TdperAite@Nangdddar tivse B¥YoARIctd dntiligw t o hel p
cool the ~connector in operation, Another aspect of the inventjon th

di vi si on t heNeyHgstbirathosting 1t 'e APy canEgntht ampenio éﬁﬂ@t‘ﬁﬁeﬁ%ni cal
stresses 0n2éohepo§&m% FERRMRADItRSeratbRINBESE JRA i§ X8Rt @hs @B dodthisieATYMNt | NQ

substrate.

thermal expansion (CTE) for the component. The amount of deflection experienced by
the connector and substrate in response to a given temperature change usually differs.
In other words, the CTEs of the connector and the substrate are usually different.
[0009] Differences between the amount of thermally-induced deflection of the
connector and the substrate can induce stresses on the solder connections between the
two components. These stresses, repeated over multiple heating and cooling cycles
(referred to as “thermal cycling”) can weaken the solder connections. Weakening of a
solder connection can affect the integrity of the signal transmission through the solder
connection, and in extreme cases can result in separation of the solder connection from

the connector or the substrate.

SUMMARY OF THE INVENTION

[0010] To help solve uneven heating of surface-mount connectors having
fusible elements such as solder balls, the present invention includes an electrical
connector that has voids that promote circulation of air through the connector. In
general, one aspect of the present invention is to expose more of the center portion of
the connector to: (i) heated air during reflow; and (ii) ambient airflow to help cool the
connector in operation. Another aspect of the invention the division the connector
housing into discrete segments to reduce mechanical stresses on the solder connections

between the connector and its mounting substrate.

2



WO 2007/ 126534 PCTI US2007/ 005500 10011] Preferred enbodi nents of an

el ectrical connector conprise a plurality of electrically-conductive
contacts each having a | ead portion, a plurality of solder balls each
attached to the | ead portion of a respective one of the contacts, and an

el ectri cal WO 2Q0/826FHt i ve housi ng havi ng a body portion aaduaopf/eossdoity of
pedestal s that each extend fromthe body portion and each receive the |ead
portion of a respective one of the contacts. [0012] Preferred enbodi nents
of an electrical connector for mounting on a substrate conprise a plurality
of electrically-conductive contacts, a plurality of fusible elenents each
attached to a respective one of the contacts, and an electrically-insulative
housi ng having a plurality of pedestals that each receive a respective one
of the electrically-conductive contacts, wherein the pedestals define voids
that face the suif811]atPrefdned etrbedimmbectapreldctriqnb cornedtoo pormnprisesuismalityt e, and

th id tend. i fi . tanti al | '
direot on antl FspilRsRl e Bftaft TR de A p P ARB A MbHLAr SREs
housi ng, t heeaah aftached fathbdeddaportivh of adesiebtieprel ofttie edntdotsy atd araelbaricgily- of t he

pedestal s. 100131 Preferred enhodi nents of a Lectrical .connector. conprise
a plural ity ngHlalyehoupinghavipg a 881'3"%’88!?“%39?‘“@’ 0?83 S%&ﬁ'@?o cheXtirality
of fusible efrefehd Sodyaiitiordridoeab eective tiecleadputtiprbf 4 easpedtiva onespihet i ve one
of the contacts, and an electrically- insulative housing conprising a top
portion and CPUERSESt om portion, wherein the contacts extend through the

thUSi ln_g, a”? Onlijbiulﬂ bBEef&fédQﬂiHohﬁﬁbrgJoﬁdﬂﬁl&mﬁwl B@uﬂe_&todfdtirﬁlﬂdftihgbﬂa? .
plurality of pedestals_each assocjate t respective qne.o e | ea
portions. BFi ﬁrﬁﬁ?ﬂ?ﬂ“ﬂﬁﬂa{ﬂu@tﬁﬂlﬁ?ﬂ% n‘?‘ffé‘i’ﬁfm\tﬁ‘éts’fao‘?qg’@lifyn‘b{@ﬂ%r y, as
wel | as the dlahtayeng adatiaidied repsetivedne 0f the@bntacR fided @ettesungdhsinive are
better understood when read.in conjunction with the appended diagrammtic
dr awi ngs. FdioUsing having aqlurglity; qf pgdgstals thateach recee ATESRSALVE e Of e ni ngs show
an enbodi mendledthicdilylsonBuQSRFohtbcid] WhEineEk pelibstals M¢ENE V6ids that A6¢ tHel M t ed,
however, to the specific instrunentalities disclosed. in the draw ngs. In the
draw ngs: [ OBPsiatewhen @efmge%owﬁwamesepMﬁ%@@éﬁhﬂm W@%P %&ast

enbodi ment  ofpdaisuBltsidllyGRipenaaRe t&¥ond BREHRA ahill SsthfurobsGudedaisiow paMs of t he
connector shown in Figure 1, . ) .
between opposite sides of the housing, the airflow paths having a depth equal to at least

a height of the pedestals.

[0013] Preferred embodiments of an electrical connector comprise a plurality
of electrical contacts each having a lead portion, a plurality of fusible elements each
attached to the lead portion of a respective one of the contacts, and an electrically-
insulative housing comprising a top portion and a bottom portion, wherein the contacts
extend through the housing, and only the bottom portion of the housing is divided into a

plurality of pedestals each associated with a respective one of the lead portions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The foregoing summary, as well as the following detailed description
of a preferred embodiment, are better understood when read in conjunction with the
appended diagrammatic drawings. For the purpose of illustrating the invention, the
drawings show an embodiment that is presently preferred. The invention is not limited,
however, to the specific instrumentalities disclosed in the drawings. In the drawings:
[0015] Figure 1 is a bottom perspective view of a preferred
embodiment of an electrical connector;

[0016] Figure 2 is a side view of the connector shown in Figure 1;



3 WD 2007/ 126534 PCTI US2007/ 005500 [0017] Figure 3 is a side view of the
connector shown in Figures 1 and 2, froma perspective rotated approxi mately
ninety degrees fromthe perspective of Figure 2; [0018] Figure 4 is a

magni fi ed VERY, area designated "A" in Figure 1; [0019] Figure 5is a
magni fi ed view g-{/ %%e area designated "A" in Figure 1, %’1"?7%%"1’1e

connector without its solder balls for illustrative purposes; 100201 Figure
6 is a magnified view of the area designated "A" in Figure 1, depicting the
connector w thout its housing and solder balls for illustrative purposes;

[0021] Figure 7 is a cross-sectional view taken through the line "B-B" of
Figure 4; 100221 Figure 8 is a side view of the connector shown in Figures
1-7, nmounted on a printed circuit board; [0023] Figure 9 is a side vi ew of

t he connector shown in shown | aur roma
per spective rotat ed apﬂg%&]lrr&s%‘frflgdf ﬁg@ﬁwedve%ﬁgﬁgowpg&r I3 p1 rPe & |{ve of
Figure 8; 100241 B guirea pdispestive pedtapaprorimatelyenimety chgreemﬁemttherpdzrskmdtwe

| eadf rane assenbl¥ of the connector shown in Figures 1-9; and [0025] Figure
11 is a top persp@EEi8%E%i ew of the connector shown in Figures 1-10.

DETAI LED DESCRI PTI ON Of0o018} USTERAE U \iEa bMBAIBlel/WSof the @6 )dekigtted A’ into 11
depict a preferred enbodi nent of an electrical connector 10. The figures
are each ref di@fed:ito a comon coordinate system 11 depicted therein. The

connector 10 is a vertI[0M91E@?g&1@adean&gﬂmawwoﬁdnearea&hg@awm“ inype of
connector is descrl bed for exenpl ary purposes ; theé,g{l nci pl es of the
present inventi on fé8He Bedepifsingd ?QS‘“S‘EtH’éY’“?%é"és echaliades Yrerativiic| udi ng

receptacl e conneghfjosesaind non- BGA connectors.

[0020] Figure 6 is a magnified view of the area designated “A” in
Figure 1, depicting the connector without its housing and solder balls for
illustrative purposes;

[0021] Figure 7 is a cross-sectional view taken through the line “B-B”

of Figure 4;

[0022] Figure 8 is a side view of the connector shown in Figures 1-7,
mounted on a printed circuit board;

[0023] Figure 9 is a side view of the connector shown in Figures 1-8,
mounted as shown in Figure 8, from a perspective rotated approximately ninety
degrees from the perspective of Figure 8;

[0024] Figure 10 is a perspective view of an insert-molded leadframe
assembly of the connector shown in Figures 1-9; and

[0025] Figure 11 is a top perspective view of the connector shown in

Figures 1-10.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0026] Figures 1 to 11 depict a preferred embodiment of an electrical
connector 10. The figures aré each reference to a common coordinate system 11
depicted therein. The connector 10 is a vertical BGA header connector. This particular
type of connector is described for exemplary purposes only; the principles of the
present invention can be applied to other types of connectors, including receptacle
connectors and non-BGA connectors.

[0027] The connector 10 comprises a housing 12, and a plurality of insert-
molded leadframe assemblies (IMLAs) 14 mounted on the housing 12. Each IMLA 14

includes a plurality of electrically-conductive contacts 16, as shown in Figure 10. Each
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[ 00271 The connector 10 conprises a housing 12, and a plurality of insert-
nol ded | eadfranme assenblies (I M.As) 14 nounted on the housing 12. Each | MLA
14 includes a plurality of electrically-conductive contacts 16, as shown in
Fi gure 10. 2007/ 126534 PCT/ US2007/ 005500 | MA 14 al so_includes
an over nol dg@fﬂ})gﬁ?gé@% t hat hol ds the associated cont actgcﬁgszowéqgsstop]at t he
contacts 16 forma linear array. The housing 12 and the frane 18 are forned
froma suitable electrically-insulative material such as plastic. [00281 The
connector 10 is depicted with ten of the I MLAs 14, and each [IMA 14 is
depicted with fifteen of the contacts 16 for exenplary purposes only. The
housing 12 can include nore or less than ten I MLAs 14, and each | MA 14 can
include nore or Iess than fifteen bontacts 16 in alternative enbodi ments.

Mor eover, the nt a 16 .can d di ctI n,_the housin 2

w thout § he Mg 4 Eonst s i OYeunoidrd B B IER BB rs Ao bOTY 15
contact 16 i ngd thdethe dofthasle6 26tm ﬁnndaﬁhﬁﬁymaﬁcﬁlsﬁ@rmlahﬂ tRR frithatl 8 ardbaneds t he
bl ade 20, and a lead éﬁé hat dj oins the in erﬁE te portion 22, as shown
in Figure 10fomfsuta efS“‘ia YHRHALYC MRtERGSYeHES PIRSEFedi at e portion 22.

The frame 18 is s{yee8] | Theabdredior CO/is2Inpittddnvith rroF the IMDAE &4l ehdte
i nternedi ate E rtions 22 of the_ contacts 16 dedjcted thereln Th b ade 20

ext ends upwar BMEAG i depipted dyitholiftecnof thesonfagts ISFoumsaTRIdY PRURPSE? i s

oriented as dgiisiderd dal ifit1G8E Rore or 168 thnagieTMDAgf 4, @mcﬁmcmaaalﬁaﬁumte
with a conplenentary contact of a receptacle connector (not shown) when the

connect or 10 B9#e eHessthanpftern “é’n@ﬁ'ﬁﬂéd{* alterpptivepmbadiments. MOROXEL €16 can be
used as poOVer gortad P cantthOlintd Givdttly 6AMSKduSIn F[1Q0a@tho§nﬁ@ udd oT INESAY, IS Of

the contacts 16 are presented herein for exenplary purposes only; the
princi pl es of ohpealicmAtVE eBRogimer e applied to connectors having other types

of contacts, such @29?0 EE&lﬁ@anac@ @6‘ hRGides a Bﬁ@g ib mﬂte?ﬁedﬂ%tp@{‘uolxozﬂhzﬁo

i ncl udes a pI ural i fusible elenments in form of solder balls 30.

The sol der bawgmsemhledee%ﬂzﬁm&?éfaéﬁéahattadwm th%@épwdafﬁpoag%fb%% &f PVt act

16, and col | epfohpel o/ TH farde oS f‘oﬂﬁédjaréﬁrfdat}ie RRerdedOPBHtibA 251 THE Brarche 18 TheE
ball-grid array 32 is used to nechanically and el ectrically connect the

connect or 10 IStsboyn dpartiplquiavaydn Figure 7 popeveal g dntermadiate gortiens 82 eftheo. | n
particular, thg s feledd@bd fherein. The blade 20 extends upward from the intermediate

portion 20 when the connector 10 is oriented as depicted in Figure 1. The blade 20 of
each contact 16 can mate with a complementary contact of a receptacle connector (not
shown) when the connector 10 and the receptacle connector are mated. The contacts 16
can be used as power, signal, and/or ground contacts.

[0030] Specific details of the contacts 16 are presented herein for exemplary
purposes only; the principles of the invention can be applied to connectors having other
types of contacts, such as receptacle contacts.

[0031] The connector 10 also includes a plurality of fusible elements in the
form of solder balls 30. The solder balls 30 are each attached to the lead 24 an
associated contact 16, and collectively form a ball-grid array 32 as shown in Figure 1.
The ball-grid array 32 is used to mechanically and electrically connect the connector 10
to a substrate such as a PCB 34 shown in Figures 8 and 9. In particular, the solder balls
30 are melted during a reflow operation to form solder connections 35 between the
contacts 16 and associated contact pads on the PCB 34.

[0032] The use of the connector 10 in conjunction with the PCB 34 is
described herein for exemplary purposes only. The connector 10 can also be mounted

on other types of substrates.



30 are nelted during a reflow operation to form sol der connections 35
between the contacts 16 and associ ated contact pads on the PCB 34. [00321
The use of the connect or 10 in conjunction with the PCB 34 is described

herein for pur poses only. The connector 10 can nted on
ot her types% BBt es. 5 WO 2007/ 126534 PCT/ US2007/ 0’6%8209?‘88@@1 The
housing 12 i ncludes a body 40. The body 40 receives the frames 18 of the

| MLAs 14. The body 40 defines pockets that each receive an associ ated one

of the franes 18, as shown in Figure 11. The franmes 18 can be retained in
the pockets by a suitable nmeans such as an interference fit, thereby

retaining the IMLAs 14 in the housing 12. The | MAs 14 can al so be retained
in the housing 12 by an interference fit betmeen t he housing 12 and the

portions of the co ﬁg%
retaini ng neans su@fﬁgg I"at Ch@ﬁﬁg rﬁﬂﬁe{)ﬁw can l{;Js d |%gbé‘é%t§€§?lm%so or
in lieu of anl8nfthefldIehckt.f The b@%ﬂ&@ﬁn@ﬁtpwketeﬂMMMGGVC an 3s503atpd qee

housing 12 al %ﬁther}&l légel§ QSS% IF é) 1. pﬁ?e erlﬂt)(?aq%t a&eﬁl}n ttgﬁﬁaieés

pedestal 44 recerves a pbrtiron o assom a one of the contac
di scussed bebpwsuitdbie pxeahwuah 8s dmlrmrferme tﬁarthérybj mtaiping\whe MEAe 1dockhe 40.

The pedestal s, 44. | m,a _botto f.: wn,
for exanpl e, Pﬂuw%[ﬁ? ‘ghelll\;lile 14 S ﬁlso re ame tﬂg? h&x gchﬁ l?}ﬁgylpégfc?egcé HP
separately fr baMehxetﬁeddmsﬂg 12and t@bﬁ@s oﬁtttaaunlnm;ttstm thhtextbaad\beltdv thg a

sui tabl e meang suc a sive, in altern t|ve di t . st al
44 pref er abl y 28 é&?éﬁ?mﬁqwe‘g‘aﬁu has gghesfv %nagr‘o?g‘sa@e ‘258%5? %Jr%i.ltpo?ﬂg’
pedestal s 44 oarn lli‘mwaa interfetched fioin aherlmenwermnbcsmuemte cross section in

alternative errbodl ener eac ede . 4 ou d bput the
sane hei ght mgﬁm ﬁ)hg I hﬁS%r“}cp"d Pﬁ'}r%etyogﬁ? %torf%é)etsﬁﬁt&

recei ved by tlﬁaclpp&albsma-M pbéexv?shspomedeﬁﬁxadssodﬂeﬁbhceoﬂﬁseomtae!s pé sfselisainsyd of a
hei ght t hat prmt t he als 44 ct.ur i t hout ,undue
difficulty or %8 é’g pefj%g%ﬁa E’éeclﬁ"%gggfg d ‘ﬁﬁﬁg}’o&y ‘@s ﬁﬁé’e‘%fEaflso?Pned

t herein, as sbmjﬂ;t frorrFa fottem surfacerdd uf&hdHnﬂypedeshm féAexam;ﬂé)dxvmlgurespamti al
cutaway in ea

47. The passa@'é%g?ﬁ‘ﬁ%gﬁ g‘%&%"é‘i %’5‘ b%cf?’?’ir‘]gir‘fgpad'?wﬁ’féom?ﬁ? le?‘%e‘t??ﬁ? ¢ 1? ?Oﬁaggage

and the | ead 2dachtd tdrhed58pa0 bl aduitabdd meinskach dhaihegiperin ptiermatove

embodiments. Each pedestal 44 preferably has a substantially square transverse cross
section. The pedestals 44 can have a circular or other non-square cross section in
alternative embodiments. In general, each pedestal 44 should be about the same height
(“z” dimension) as the portion of the contact 16 that is received by the pedestal 44. The
pedestals 44 otherwise are preferably of a height that permits the pedestals 44 to be
manufactured without undue difficulty or expense.

[0035] Each pedestal 44 has a passage 47 formed therein, as shown in Figure
7. One of the pedestals 44 is shown in partial cutaway in each of Figures 2, 3, 8, and 9,
to reveal the associated passage 47. The passages 47 each receive portions of the
intermediate portion 22 and the lead 24 of the associated contact 16. The upper portion
of each passage 47 can be wider than the lower portion thereof, to accommodate the
different widths (“x” dimensions) of the respective intermediate portion 22 and lead 24.
Clearance between the lead 24 and the adjacent surfaces of the pedestal 44 should be
minimized, to discourage wicking of the molten solder during the reflow operation that
forms the solder connections 35.

[0036] Each pedestal 44 preferably includes four angled surfaces 48 as shown,
for example, in Figures 5 and 7. The angled surfaces 48 define a recess or ball pocket
49 that adjoins the passage 47 of the pedestal 44. One of the recesses 49 is visible in



of each passage 47 can be wi der than the |ower portion thereof, to
accommodate the different wdths ("x" dinensions) of the respective
internediate portion 22 and |lead 24. C earance between the | ead 24 and the
adj acent su 4the pedestal 44 should be mnimnze j rage
wi cki ng of ?ﬁgﬁﬁg}tén sol der during the refIOM/operatlong?ﬁggmgyg%ﬁg t he
sol der connections 35. [0036] Each pedestal 44 preferably includes four
angl ed surfaces 48 as shown, for exanple, in Figures 5 and 7. The angl ed
surfaces 48 define a recess or ball pocket 49 that adjoins the passage 47
of the pedestal 44. One of the recesses 49 is visible in 6 WD 2007/ 126534
PCT/ US2007/ 005500 the partial cutaway views of the pedestal 44 in Figures
2, 3, 8 and 9. The lead 24 of the associated contact 16 extends into the

recess 49. Th t t at ed
sol der ball eP%éﬁgg']lté‘?lﬁ $%§)5I0231 é&??%#%gqﬁgpﬁ?swg | eved&q &
mai ntai n the meﬁsmcmtaztbontmt tﬁextbaislintéﬂhd mcessslebﬁ’hamc:ess 453/recencsaﬁhed p05| tion

inrelation to the IJ, 30 is reflowed to formthe
sol der connectRFSH" %’iat °enqsur gagégggt%g@?eerb%??’{)er ably angled by about 110

degrees in rel ati of008%) t e hngled sunfages 48, ntasbclmvpd,lheh) to maintagl the asociateda
pl ane extendi ncﬁﬂ E) [l ﬁ% dng g?{bstannaﬁ(yifc%n(%ercd Po§/ nS yr#)r];%fgé tc?éle(i%% ﬁeas%eqio?&r by

nore or | ess ue 1n erna ptinum val ue
for the not edbalhdp B8 refiowed @rfprmithiensoldee tamsctsarcls. e{EhetsInefadwsn@'wc pmferdﬂyt he

49, f f th
i manst ons. of T e 318 asgieariFaion' i b6y ifiude v Eiladdie
wher e the bot plane a:itemdmgnrr the éx—&”/&&ettmn&, the siafaze 0P canlop mfgle:ﬁmu’no@ dsZessm by

[0038] The pette tir ceis e Ryt it ogfmae velut Rr TR e e o

arr angenent ofrary lveithcfattioasCdush &Btherdxm&islddybﬂﬂaelrécesa'dsew;:&mtam of the swrtfiice bf theaci ng

bet ween adj ac t al substa t ches th cen to center
opactng bot wettter A tnad s dintepgoagot hblsads TR AR S BT pET A0 ptef i o
aﬁarL from adpn?mfv‘d vglm?tlﬁfbo&bﬁxddfedﬁﬁﬁeaéss 4944 scﬁﬂr&&;&hntghffabﬁd@;%?ﬁdn?%ﬁ andd
t he bottom surfac 0 e el s. or ach voi
50 preferabl yamﬁﬁéyﬂv@‘n&a?{%’? |°£dr| Pdﬁ’ég%%t ’éatl’%‘ﬁ&%olfl 8 direction),
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arrangement of the contacts 16 in the IMLAs 14. The center to center spacing between

adjacent pedestals 44 substantially matches the center to center spacing between
adjacent contacts 16.

[0039] Each pedestal 44 is spaced apart from adjacent ones of the pedestals
44, so that the pedestals 44 and the bottom surface 46 of the body 40 define channels or
voids 50. Each void 50 preferably extends over substantially the entire length (“x”
direction), or width (*y” direction) of the housing 12 and the ball-grid array 32, as
shown in Figure 1. It is believed that the voids 50 help to promote substantially
uniform heating of the solder balls 30 during the reflow operation that forms the solder
connections 35, in the following manner.

[0040] Prior to the reflow operation, the connector 10 is placed on the PCB 34
so that each solder ball 30 substantially aligns with a corresponding electrically-
conductive contact pad on the PCB 34. The connector 10 and the PCB 34 are then
placed in a reflow convention oven or other type of heating device (not shown), and
heated by a thermally-excited medium such as heated air.

[0041] The heating of the solder balls 30 eventually causes the solder balls 30

to melt. The molten solder is allowed to cool after the connector 10 and the PCB 34



shown in Figure 1. It is believed that the voids 50 help to pronote
substantially wuniformheating of the solder balls 30 during the refl ow
operation that forns the solder connections 35, in the follow ng manner.
100401 Pri orwoaod7nesssef | ow operation, the connector 10 i he PCB
34 so that each sol der ball 30 substantiall y aligns w t?dg/%ggﬁg%g&ndl ng

el ectrically- conductive contact pad on the PCB 34. The connector 10 and the
PCB 34 are then placed in a reflow convention oven or other type of heating
device (not shown), and heated by a thermally-excited nedi um such as heated
air. 100411 The heating of the solder balls 30 eventually causes the sol der
balls 30 to nelt. The nolten solder is allowed to cool after the connector
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the innermost solder balls 30. In addition, the relatlvely uniform heating of the solder
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balls 30 that is believed to result from the air circulation can potentially enhance the
uniformity, integrity, and reliability of the solder connections 35 throughout the ball-
grid array 32.

[0044] The voids 50 can be used in connection with other techniques to affect
the heating of the solder balls 30. For example, the connector 10, and alternative
embodiments thereof, can be equipped with a cap such as the cap disclosed in pending
U.S. patent application no. 10/340,279, filed Jan. 10, 2003, the contents of which is
incorporated by reference herein in its entirety, to retard the melting of the solder balls
30 by blocking the voids 50.

[0045] Moreover, the body 40 of the housing 12 can be equipped with
apertures that extend between the top and bottom thereof to further facilitate air
circulation through the connector 10. Apertures of this type are disclosed in the above-
referenced U.S. patent application no. 11/284,154."

[0046] The voids 50 can also facilitate circulation of ambient air through the
connector 10 during operation, thereby promoting cooling of the connector 10.

[0047] Moreover, it is believed that the configuration of the housing 12 can
help to reduce or eliminate stresses on the solder connections 35 induced by differences

between the thermal expansion of the housing 12 and the PCB 34. In particular, the use



enbodi nents thereof, can be equipped with a cap such as the cap disclosed in
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described with refcrence to preferred embodiments or preferred methods, it is

understood that the words which have been used herein are words of description and
illustration, rather than words of limitation. Furthermore, although the invention has
been described herein with reference to particular structure, methods, and
embodiments, the invention is not intended to be limited to the particulars disclosed
herein, as the invention extends to all structures, methods and uses that are within the
scope of the appended claims. Those skilled in the relevant art, having the benefit of
the teachings of this specification, may effect numerous modifications to the invention
as described herein, and changes may be made without departing from the scope and

spirit of the invention as defined by the appended claims.



illustration, rather than words of limtation. Furthernore, although the

i nvention has been described herein with reference to particular structure,
nmet hods, and enbodinents, the invention is not intended to be limted to
the particulars disclosed herein, as the invention extends to al
structures, nethods and uses that are within the scope of the appended
clainms. Those skilled in the relevant art, having the benefit of the
teachings of this specification, may effect numerous nodifications to the

i nvention asWYhasisrddimed serei n, and changes may be nade without departing
fromthe scope and spirit of the invention as defined by the appended
clains. 9 What is clainmed is: 1. An electrical connector, conprising: a
plurality of el ectical Apelestigalcppngetos 6erapiising: each having a | ead portion; a
plurality of sol der bth%hﬁﬁ o@élécﬁﬁgﬁ}dcénﬁu&ibfcdn?ﬁge Qi Hal/ R a®ad ﬁor{igﬁpem Ive

one of the contacts; an electrical I-y-l nsul ative housing having a body
portion and a plurality apluralpeofsotdat balls pash agashed te siedend portiomof meespseldke porti on

and receive the l@ead partigp of a respective one of the contacts. 2. The
connect or of cﬁ?ea(%m 1,0 V\ge’rae?n adj acent ones of the pedestals define voids

that separate the adj acentledriealyafsutative Inwsiag having atiody péryion ind a purelitpof t i ons
of the conta i i V0l . The connector of
claim 2, wher gléd%s@ %%aﬁ%ﬁ@%ﬁé@ﬁc{nﬁ&% gé’d%ap%ﬁg)g:?i?(d ltﬁ??q\éf tgéf gg‘if?&mgln t he voi ds

ext end acr ossrapestitxsinanf thalcorsats.rety of a | ength and a width of the ball
grid array, whereby the voids facilitate circulation of air to the sol der
balls | ocated at innernost positions within the ball grid array. 4. The
connector of clainml, wik¢ainnedidref pleies twhk®incad@acgsndsiobthe gedesthladefine t he body

portion and the,solder bhalls.. 5.  The nnector of .claim.1, whergin the
Pedestal o and CHETBGRP o AR oS o BN F yrsh R B v ERThEct o o
claim 1, wher eiraceathmedhaiibedlypetiesitgltise voids. a substantially square cross
section. 7. The connector of claim1, wherein each of the pedestal s defines
a recess

3. The connector of claim 2, wherein the solder balls form a ball grid array,

and the voids extend across a substantial entirety of a length and a width of the ball grid
array, whereby the voids facilitate circulation of air to the solder balls located at

innermost positions within the ball grid array.

4. The connector of claim 1, wherein the pedestals are positioned between

the body portion and the solder balls.

5. The connector of claim 1, wherein the pedestals and the body portion are

unitarily formed.

6. The connector of claim 1, wherein each of the pedestals has a

substantially square cross section.

7. The connector of claim 1, wherein each of the pedestals defines a recess

that receives a portion of a respective one of the solder balls.

8. The connector of claim 7, wherein the recesses are defined by angled

surfaces of the pedestals, and the angled surfaces maintain the solder balls in a

10



that receives a portion of a respective one of the solder balls. 8. The
connector of claim7, wherein the recesses are defined by angled surfaces
of the pedestals, and the angled surfaces nmaintain the solder balls in a 10
substantially centered position in relation to the associ ated pedestal s as
the solder balls are nelted during a reflow operation. 9. The connector of
claim1, wherein each of the pedestals has a passage forned therein for
receiving the | ead portlon of .the respective one of the contacts 10. An

el ectrical cofthsRpdlyrcepteradpsitiondn @Hm‘é“ W hesassostated pedssialsias sgolderbally yral ity
of el ectrical hy-fRdusiigugefindpedion. @ plurality of fusible el ements each
attached to a respective one of the contacts; and an

el ectrically-insulative housing having a pl ural i ty of pedestals that each
receive a respectiye anhé)f:oxltn@é%or%f@ﬁﬁﬂ | Qﬁle}e% &a@lﬂ@l‘%ﬁéﬁe\destéwﬁl{sa%s'ia ewherein
the pedestals define voids that face the substrate when the connector is
nmount ed on t hérsadtherein far regaiving the dead pertian eftbetsepertiveone phthe cotpgtsa
substantial |y perpendi cul ar second direction and form unobstructed airflow
pat hs between opposite sides of the housing, the airflow paths having a
depth equal to at [|lBast Am dgstrighkcopectonfor podrting o § subptrate, R@pHgtgiect or of
claim 10, wherein the vqj nd a |engthw se

di rection of the housi nglﬁ%al%Bﬁe&é%%ﬂgg%Mgg&g}é\kéﬁgﬁm 10, wherein each of the
contacts includes a | ead plyaity pﬁﬁSlbh&bﬂ@mwbgﬁ%*?@aghesae%M peerafphsr t i on of

t he housing, apd.ddg,d/oi ds extend between the |ead portions of adjacent
ones of the contacfs. 13. The connector of claim 10, wherein each of the

| ead portions extends taheleighally- lnwmwhqwgbmgﬁplum@ypéd@sﬁwélatﬂdd t he
pedestal s are s - ' C : e voids
Wheroby tho | S BarTPay APk 385G AT Rl B RIRAAL S pelbu i)

isolated fr omdafii}ea/o'einthaofaeestho‘subsﬂlme Whendhgpnhéctom s ragwitet lve telsgbdthte, @Idement S.
14. The connecgt f e k in ottom
portion of thgh hghcgf)ﬁ%aaing] t an%‘@ "?’q%rﬁlaf])(/(g %“’sdlg% engsndg\llrgﬁ%gand rf)l"%)anti al
entirety of aunébsmgitdd ainflow pathslbdtwexin dppasitb siti¢safithedotsignthelazfl@byathshe voi ds can

channel air a%&\gggsa (Eerpl)ﬁl equzattcg TR ﬁellg?lp of the pedestals.

11. The connector of claim 10, wherein the voids extend in a widthwise and a

lengthwise direction of the housing.

12. The connector of claim 10, wherein each of the contacts includes a lead
portion that extends through a bottom portion of the housing, and the voids extend

between the lead portions of adjacent ones of the contacts.

13. The connector of claim 10, wherein each of the lead portions extends
through a respective one of the pedestals, and the pedestals are separated from adjacent
ones of the pedestals by the voids whereby the lead portions and the fusible elements are

mechanically isolated from adjacent ones of the lead portions and the fusible elements.

14. The connector of claim 10, wherein the voids are formed in a bottom
portion of the housing, and each of the voids extends over a substantial entirety of a
length or a width of the bottom portion whereby the voids can channel air across the

bottom portion.

11



11 - -----e - - - - 15. The connector of claim 10, wherein each of the
pedestal s defines a recess that receives a portion of a respective one of
the fusible elenents. 16. An electrical connector, conprising: a plurality
of electrical contacts each having a | ead portion; a plurality of fusible
el ements each attached to the |ead portion of a respective one of the
contacts; and an electrically-insulative housing conprising a top portion
and a bottom portion, wherein the contacts extend through the housing, and
a only the bottom gérti dheepnnesier of lain | & gvhersingfach ofdke neﬁﬁsgalsddeﬁmfraermeﬁw of

segment s each @ &Gl &lagriithoa fespRERESE b e ARMIAIemdnte | ead portions. 17.
The connector of claim 16, wherein the segnents are nechanically isolated

by voi ds that extend between the segnents. 18. The connector of claim 17,

wherein the fusibl qgel engili&uiQr hakioR cbRprisinaNd each of the voids extends
across a substantial entirety of a length or a wwdth of the array, whereby

the voi ds pronote &iplurgity e{glestricelcontacts pash hadag a lgarbroriidn; t he fusi bl e el enent s

in the array. 19. The, a0nbefliok eRineft BlcHatRhed BB poRtfod oPh rdsfietiteead
portions of the contacts extends through a respective one of the segnents.

20. The conneen®ef the canfagismande, wherein the housing further conprises a body
portion and the se t. : E 1 Of ctor of
ISR el B0l i 3 O

claim 20, further conprisi r . sert : ranme
assenbl i es t hathewincthe ¢antdcts@utend thrayglathie hgusifg, ande cobrthakattomanedion of thame  nol ded

over the plurglijty .of. . S, ' ' : housi ng
recei ves and ?‘8’(‘%%%231'[\’@3@%“ ?ﬁ%@%&? otf g}%ﬁ{eﬁ%gﬁlq%ﬁ) gtg%wﬁgg} ?éalﬁgécg{sersagnbl i es.
22. The connedhedeadgfortpnai m 20, wherein the segnents and the body portion

are unitarily fornmed. 12

17. The connector of claim 16, wherein the segments are mechanically

isolated by voids that extend between the segments.

18. The connector of claim 17, wherein the fusible elements form an array,
and each of the voids extends across a substantial entirety of a length or a width of the
array, whereby the voids promote air circulation to innermost ones of the fusible elements

in the array.

19. The connector of claim 16, wherein each of the lead portions of the

contacts extends through a respective one of the segments.

20. The connector of claim 16, wherein the housing further comprises a body

portion and the segments extend from the body portion.

21. The connector of claim 20, further comprising a plurality of insert
molded leadframe assemblies that each include a plurality of the contacts and a frame
molded over the plurality of the contacts, wherein the body portion of the housing

receives and retains the frames of the insert molded leadframe assemblies.

22, The connector of claim 20, wherein the segments and the body portion

are unitarily formed.
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