MEZZANI NE- TYPE ELECTRI CAL CONNECTORS FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to
we@bmemsiezal connectors for connecting a first BCMUS2008/074301

second el ectrical device such as a first and a second

circuit substrate. BACKGROUND OE THE | NVENTI ON [ 0002]

Mezzani ne-type el ectrical connectors may conprise a

housing, a plurality of electrical conductors, and a

plurality of fusible elements such as solder balls

nmount ed on the electrical conductors. [0003] United

States Patent No. 5,098,3 11 to Roath discl oses

her maphroditi c connector hal ves. SUMVARY OF THE

| NVENTI ON [ 0004] Enbodi ments of el ectrical connectors

may i nclude substantially identical first and second

hal ves. ThHEHAZANINREA $RE dHF GERVES LeGONNIDCT (RS

i nsert nol ded | eadf rame assenblies that conprise

el ectrical conductors. Each electrical conductor of

the first half may engage a substantially identica

el ectrical conductor of the second half when the first

Ad el ves@aHs mat ed. [ 0005] El ectrica

connector enbodi nents may include a first half. The

firstiOAA]f Teypreseol ndentmnfielags tetlecticilcahnadnd fotnnecting a

The first trical .conduct i ncl 1
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configured to nmate with an identical first half. A

BeCcRUROVND Ay THIISINVENTROADI € with the first half.
The first half may include a first electrica

condubbr . Merzagaedyis tedtficaagnrichorutiey eompidsridhousing, a
pﬂrglg fof %ﬁlc?%gp%%ﬁé%éﬁa%@% ﬁﬂr%alﬁgyl (%flyfrulgl Eegtléeng%lrt? fs:ug:gltag Solder balls

el'ectric
nondcidainathe Blytricicdoudecténao di fferently shaped cont act

beans, such as a def]l ectabl e contact beam and a

non- d8HU3E 1l SeRt Beentdin m09%Hd | seRemd dijclases haraaphroditic

Sonductof. iy be identical to the first electrica
conductor and may include the sanetwo differently

shaped contact beans, such as a defl ectabl e contact
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molded leadframe assemblies that comprise electrical conductors. Each electrical
conductor of the first half may engage a substantially identical electrical conductor of
the second half when the first and second halves are mated.

[0005] Electrical connector embodiments may include a first half. The first
half may include a first electrical conductor. The first electrical conductor may include
two differently shaped contact beams. The first half is configured to mate with an
identical first half. A second half may also be matable with the first half. The first half
may include a first electrical conductor. The second half may include a second
electrical conductor substantially identical to the first electrical conductor. The first
electrical conductor may include two differently shaped contact beams, such as a

deflectable contact beam and a non-deflectable contact beam. The second electrical

conductor may be identical to the first electrical conductor and may include the same



the two differently shaped contact beans nmay be
substantially straight and a second one of the two
waltdop/eswen | y shaped of contact beans nmay be anRgEBUS2908/074301
offset in relation to a longitudinal axis of the |ead
portion of the first electrical conductor. The fi rst
electrical conductor may include a |ead portion,
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SERRS 20 b PSRN PR b Bt o
COﬂdL{OD(@] Dhe ikehAe60nde bal fouwhiefdr tld@nting on a first surface, and a
substantially identical second half may configured for mounting on a second surface
and being matable with the first half. The first and second halves may each include a
housing and an insert molded leadframe assembly mounted in the housing, wherein the
molded leadframe assembly includes a first and a second electrical conductor. The first
contact beam of an electrical conductor of the first half may engage the second contact
beam of the electrical conductor of the second half when the first and second halves are
mated. The second contact beam of the electrical conductor of the first half may
engage the first contact beam of the electrical conductor of the second half when the

first and second halves are mated.



first and second hal ves are nated. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0010] The foregoing sumrary, as well as

wa wINdeboOwi ng detail ed description of a pref ePCEUS2008/074301
enbodi nent, are better understood when read in
conjunction with the appended di agrammatic draw ngs.
For the purpose of illustrating the invention, the
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the speriiof i CThiemSlepoine @Iuﬁh’iafy aswailse E@%Howﬁgtd&%ﬂed descr1pt10n
drawi ngs. In the drawin 011] Figure 1 is
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Figures 1 6 is a side view of
connefi0d2]} sHfoyme 2 s Fogpespedivg vidw ofmnaerpmokbédtt‘ldﬁeme

r ot at ed r oxi teI ni.n degrees formthe
BOFOBEE TUB® BIERGUTE A M GHT R gure 7 15 a top vi ew
of ongak;t iy u'ré‘§%ratioﬁ%@@@fﬂh@@%ﬂe@%@sﬁﬁ&?ﬂﬁ1 s $haun;
in Flgure 2; 10018] Figure 8 is a side view of the

i nser t00i4] d&glllrfeécsfzr:aﬁ%vm@é@m G}»OHQMOWSHOWHFH éwué@ R3;

and 7 1 s a tomyv t he ser

ol P b Fesin HSestsrS v rota ke gt Bovh IR FARE 4

8; [O0QRak] Firguies L dide Aewiddehedo@edbr hbeniiNFatites 1-5, from a
nol ded Ieadfrane assenbly shown in Fugures 2 and 7-9,

pereprcHYpeItEpeerirvemaslanaayajspreox fovan \ee perapeséiyy of Figure 4;
degr e@%ﬂf’{ glg‘gpeg% teagtr%rﬁ%?ew I %fof’t:ﬁe%ge‘%t %Pld%ﬁ‘?&éihame

Fi gur er spec nsert
ﬂﬁ&ﬁbﬁ%h@ﬁdﬁﬁ@ﬁﬁmaSEenbly shomn |n Flgures 2 and 7-10;
0022] Figure 12 is a magnified view of the area
Ejesi 919;9 80 Figrd fisps ngéﬁ@e\mf thedprest Malged ﬁ?@dﬁﬁ@%ﬁﬁsembly shown
%Hh%%gsg adh rane assenbly w thout solder balls; [0023]
[ Is’a magnified view of the area deS|gnated
"A" i PO guFuiely is a bottom view of the insert molded leadframe assembly

shown in Figures 2, 7, and 8,

[0020] Figure 10 is a side view of the insert molded leadframe assembly
shown in Figures 2 and 7-9, from a perspective rotated approximately ninety degrees
form the perspective of Figure §;

[0021] Figure 11 is a bottom perspective view of the insert molded leadframe
assembly shown in Figures 2 and 7-10;

[0022] Figure 12 is a magnified view of the area designated “A” in Figure 11,
depicting the insert molded leadframe assembly without solder balls;

[0023] Figure 13 is a magnified view of the area designated “A” in Figure 11,
depicting the insert molded leadframe assembly with solder balls;

{0024] TFigure 14 is a top perspective view of the insert molded leadframe
assembly shown in Figures 2 and 7-13;

[0025] Figure 15 is a magnified view of the area designated “B” in Figure 14,



depicting the insert nolded | eadfranme assenbly with
sol der balls; [0024] Figure 14 is a top perspective

W 2wos24 he i nsert nol ded | eadfrane assenbl y BEOUBR0DEI074301
Figures 2 and 7-13; [0025] Figure 15 is a magnified
view of the area designated "B" in Figure 14,[0026]
Figure 16 is a top perspective view of an alternative

enbodi g(%z;& i f o 90 5! LEDeRBLfRNARELOI ARMAIVE BnfSb IS of the

1, [Oé om perspective view

Ehﬁnﬁﬁh@ﬂméabrﬁhQMMnE%Qﬁigure 16; [0028] Figure 18 is

a bottom view of the connector shown i gures 16 and

17; | @Wé’j EIgLiF &7 1507 baftogn B‘i’fﬁﬁeéﬁi’%%‘ﬁgfﬁgélﬁ ENGERLPIgF T I

%ﬂﬁm gnector shown in Figures 16-18; [0030] Figure 20
si’de view of the connector shown in Figures

16 19 (042803 Hligire g8iisen Botom sicer itlcreconnestoofhotsnen Figures 16 and

ﬁgnnector shown in Figures 16-20, from a perspective

tated approximately ninety degrees formthe

per spegizoy € rofurkt GW Lo AQdm pAORLLvEIBWIR el dnfied@ol @Bwn in

perspective view of another alternative enbodi nent of
thprel etd,i cal connector shown in Figure 1, deplctlng

first second alve of t onnector in .
ber 1 A S ERRAE 2D e SR B SRR ol 1R Fiegres 19
pers pﬁﬂB‘l}K_e Fyduen Ofs o g \tlhﬁfs)tfﬂ’@aiohn&ftortslhawﬁ@m H%@&@rm 20, from
shown in ure 22; [0034] Figure 24 is a side view of

t perspentive émt@ﬁed gppmﬁlrmaﬁelsimg@% £peEs pien s pe@i@mtmfﬁmﬁ gigure 20;
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yf @We(ﬁctrtcﬁﬁc@heﬁoﬁﬁﬁmﬁﬂﬂ?@lr C'deplutiftl Gt en&éecowﬁ hh]lves of the
housi ngs of the first and second hal ves of the

eoHseiet Bra pritielly Maise serEReit o reveal mated el ectrica
Condedo%g M g%pel ok Isfzﬁoﬁ gggb%g% vieQ03Ghe fiiQHLE ﬁﬁﬁae cBnietor

top v r'st t he connector shown in
Hioguriedi@de 23; [0037] Figure 27 is a side view of the

and <03l Rl 5r i e ARBECORISCIP 3Pl iy ipuioa and 23,
Séﬂ?éjcintgi RO firR Bk second hatves of the connector in a fully mated condition;

[0035] Figure 25 is a magnified view of the area designated “C” in Figure 24,
with housings of the first and second halves of the connector made transparent to reveal
mated electrical conductors within the housings;

[0036] Figure 26 is a top view of the first half of the connector shown in
Figures 22-25;

[0037] Figure 27 is a side view of the connector shown in Figures 22-26,
depicting the first and second halves of the connector in a fully-mated condition, and
from a perspective rotated approximately ninety degrees form the perspective of Figure
24

[0038] Figure 28 is a magnified view of the area designated “D” in Figure 27,
with the housings of the first and second halves of the connector made transparent to
reveal the mated electrical conductors within the housings;

[0039] Figure 29 is a top perspective view of insert molded leadframe

assemblies of the connector shown in Figures 22-28;



froma perspective rotated approximately ninety

degrees formthe perspective of Figure 24; [0038]
wWO290082628 is a magni fied view of the area desP@riE$w08/074301

"D' in Figure 27, with the housings of the first and

second hal ves of the connector made transparent to

reveal the mated electrical conductors within the
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con Figure 33 is a top perspective view
of t hE0HBY sFigduad 33 Bfa thhperspashee viow aHomhrst halFpihe gorctor

£0044%df%gur 34 is a side view of the connector shown
Bov 5§ Ele 3% and 33, depicting the first and second

hal vegogh t PRUKONNRGLRIe vidy Bf fidlchdnddrirgHo RN g9 32 and 33,
[0045] Figure 35 is a nmagnified view of the area

desitipgahedrst @d seqom balves ddahe winpecterongi gy mefedigeadition;
first secon al ves t he n 0 PN
{1 e l9B08) ¢ FERR A Bl ey P RS es G v in Figure 34,

Whth Rbfksih e IRUSISNGSE seb QUG v iod tetodBedt® Badcamnvp@mtod reveal
the first half of the connector shown in Figures

Bredslecrpolndps lgiretiay thedoasispde vi ew of the first

hal f h : ' ' - 3R: :
Lo DO PRI U TR FLPHLES, 25k PO
EiQuRECRAS; shown in Figures 32-37, froma perspective

rotated approximately ninety degrees fromthe .

per spl@8¢Tly elligpred iggpaidgpiey 96%9%@%@1%0@ thegpongeciorghgyn in

p'iigglx@sgﬁ_?@n i nsert nol ded | eadf rame assenbly of the
[0048] Figure 38 is a side view of the first half of the connector shown in

Figures 32-37, from a perspective rotated approximately ninety degrees from the

perspective of Figure 37;

[0049] Figure 39 is a side view of an insert molded leadframe assembly of the

connector shown in Figures 32-38;

[0050] Figure 40 is a bottom view of the insert molded leadframe assembly
shown in Figure 39,

[0051] Figure 41 is a top perspective view of an electrical conductor of the
insert molded leadframe assembly shown in Figures 39 and 40;

[0052] Figure 42 is a side view of the electrical conductor shown in Figure 41;

[0053] Figure 43 is a side view of the electrical conductor shown in Figures
41 and 43, from a perspective rotated approximately ninety degrees from the
perspective of Figure 42;

[0054] Figure 44 is a bottom view of the insert molded leadframe assembly

shown in Figures 39 and 40; and



connector shown in Figures 32-38; [0050] Figure 40 is
a bottomview of the insert nolded | eadfranme assenbly
WG kwwa3ldeed Fi gure 39; [0051] Figure 4 1 is a toRCT/US2008/074301
perspective view of an electrical conductor of the
insert nol ded | eadf rane assenbly shown in Figures 39
and 40; [0052] Figure 42 is a side view of the

el ectr] onduct or shown in Fi.qure 110 Fi
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RegroeserarR the p0guTtiwE ¢fuiiguradi s a bottom vi ew of the

i nsert nol ded | eadf rame assenbly shown in Figures 39
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connector 1 connector 10 can form part of a
i za@apiises ao ehoeThiby-isyhtieehotsatg &), end 1 phadlity of mweréotodded

it N L Ll el e B 25 3k
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urality of insert nolded | eadframe assenblies
¢nhadisipnth 4a ot ale mewte wir tléss thantien hioths Mg AB24. The

connegt 10 i.s i.ct.e ith.ten of. the.l f
exerp S pipERER oGl BToe Bl haR gt ana
e A8 BTG el@heki@ il anldbetnl o7t BacH MRS 1hkisd RORd$s an

ach 1TMLA 14 includes a plurality of electrjcal
dovitiodboingulaéye enpdr Gape &gzaanidtay chictricady prseladive hpnirdrame 20.
C | der balls.1%. A ' .
EHERvPRe 3P PO orkBrdb i B RaPe o MR R ARGy
BkecMheadarbans Ul &friev@nplamesurpssameniz Othe Tk AsMOAf bliernative

are depicted wwth thirty-three of the electrica

wabrilieeRls san sickidd nae.ar yash e tairtyrthree §g ﬂ%?efﬁeos‘:}%ffﬂb gongiictors 16
i%rso?d%?%llﬁfﬂ pur poses only; the I MLAs 108 of

a']ter nati ve enbodi nents can i nclude nore, or |ess than

t hi r t WOERIr eBaddf el¢dnécad bactucioc ab irmbnitaetcontsctiGammiid, a lead portion
2S4otlhgte e!djt?igls ihse c](SZt'act beam 22, and a post 26 that adjoins an end of the lead
portion 24 distal the contact beam 22. Adjacent ones of the electrical conductors 16
can be oriented so that the contact beams 22 thereof face in opposite directions, as
shown in Figures 2, 10, 11, and 14.

[0059] The upper frame 18 of each IMLA 14 is molded around the lead
portions 24 of the associated electrical conductors 16, proximate the associated contact
beams 22, as shown in Figures 8, 11, 14, and 15. The upper frame 18 has a plurality of
cylindrical projections 30 formed thereon. The upper frame 18 also includes a plurality
of cylindrical pockets or recesses 32. The projections 30 and the recesses 32 are
arranged in an alternating manner on both sides of the upper frame 18, so that the
projections 30 of each IMILA 14 are disposed within corresponding recesses 32 of the

adjacent IMLAs 14 when the connector 10 is assembled. The projections 30 and the

recesses 32 are sized so that each projection 30 fits snugly within the corresponding



[ 0058] Each el ectrical conductor 16 includes a contact

beam 22, a lead portion 24 that adjoins the contact
whzmn2824 and a post 26 that adjoins an end ofP@Tiesioeser4301

portion 24 distal the contact beam 22. Adjacent ones

of the electrical conductors 16 can be oriented so

that the contact beams 22 thereof face in opposite
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?Cr?EH hefddn. The upper frame 18 al so includes a
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glowarindtgures kaamqieirfﬁ dinchopsi 28iiglosaied, ip part] Gikkn aﬂra&??éﬁted one
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reflow process melts the solder balls 17. The molten solder, upon cooling, forms solder
connections between the electrical conductors 16 and associated contact pads on the
mating substrate. The angled surfaces 43 of the pockets 42 help to locate the solder
balls 17 and the molten solder during the reflow process, and thereby assist in the
proper formation of the resulting solder connections.

[0063] Integrating the pockets 42 into the lower frame 20 of each IMLA 14
can obviate the need for a separate structure in addition to the housing 12, or for
additional structure in the housing 12 itself, to accommodate the solder balls 17.

Moreover, the IMLASs 14 can be molded in continuous strips and then cut to a desired

length to accommodate differently sized housings 12 used in different applications,
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[0061] The lower frame 20 has a plurality of pockets

42 fornmed therein, as shown in Figures 12 and 13. Each
wWEawp/o02624 s | ocated, in part, wthin an associB@EUS20&074301

of the pockets 42. Each pocket 40 is defined by four

substantially flat surfaces 43, as shown in Figure 12.
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ga érélggnﬁ%s %teﬁg&%giltlaérso a}l opibf I%s?z%xggorm éé%, a\gg %Werr} in

ng%sqomdm Qiach QEAGrasieh 92 keceRBHBCLIsOHS b tojeIdnte  one of the
el'ectrical conductors 16 and associ ated contact pads

onteﬁh@t Hdgnﬁdéls Uistieranes, betweendhgProiEcsans oy the perpierd
t
}cgsnof tgf: afér%trgb ZC}}eﬂgese[P té%] mstﬁ)é ﬁtﬁﬂA? @h llr? t é@loﬂ %gg.e

process,
assi sfpoi6p] t ITee psrope Ibeefr@d’ nbi he el&ﬁtrﬁcbﬂ&:oﬁéwbﬂsl lbgrshicated within

connections 0063] Inte atlng the pockets 42 into
theaippeiertigr 4hel the 6‘#51% ThoLpeup 6§bﬁ%§}%t5éﬁé°med

ﬁl%?e% .9 rs]?[(gw? %%gﬁfreg {aé B'CEH&FslbtnS A Qbnk Ond ﬂ%ﬁgthmse

ousi'ng itironal structure inthe housi ng
diZedtivn @the dp@em@mm& ahé ist fusitbobdarovbahlassotited IMLA 14. The

Mor eover,. the | b de
gms,sgﬁpr%ge P Tole T ceara P agh ) St ds cantact
tr{sei'Ze P12 @ glsﬁgﬂﬁrﬁcﬁgéeq%c@ $6& ek 11l doh Bk EPdams 22 and the

ications,there obvi ating the need for different
ﬁ@mdemnglrfaoesrm%hié sten pertiovdAf g lwfusmgﬂfzenoent:om@néath ge

b oG EraRe Bee e BEt Hrs oneres R e Ba o bhaa e e
%ﬁtﬁ%w@édmzfats 3G oMY cp@Bdtbon 50, as shown in Figures
and 4. Each penetration 52 receives an associ at ed

pr 0j e0b6h Bigurss 16rd depict A aknaivigeatbor vpgas of e connector 10 in

B TS L TR B Ly o o

Il\QLAls l84t frge IWLAS 8114ird shoktbethh usi IMLAR14, [s@(ﬂﬁﬁ}he'ﬂhéLAs 84 can be
contact beans 22 of the electrical conductors 16 ar

droaededrboiRetiAlly nen@ndwpléf toF6e {gmERvasy grechipi Oﬁ%lﬁéliOHﬁﬂa 52. The
@ﬁﬁ “%R%{hﬁ%sé m%ré rgﬁgyﬁlg%ﬁaﬁ té&o med; 4 herein, as

ur es 6 extends along
the | E)l)ﬁﬂh\/\ﬂfﬁcemilsfrgcﬂzlm sifs &shergpéergpor Eichrslet S catedds

elllgngp Ecl) ?illréc!t%g%gbs?gn%\éﬁy %prg§ 1((:)1?1.Iaratto%96 ilerl\i/thﬁ\mse dli-gcr:]tlon of the housing
82, and is positioned above an associated IMLA 84. The slots 85 provide contacts of a
mating connector (not shown) with access to contact beams of the IMLAs 84.

[0068] The housing 82 has penetrations 86 formed therein. Each penetration
6 receives an end of a lower frame of an associated one of the IMLAs 84, to retain the
IMT.As 84 in the housing 82.

[0069] Figures 22 through 31 depict another alternative embodiment in the
form of an electrical connector 100. The connector 100 includes a first half 102, and a

second half 104 that mates with the first half 102. The first half 102 and the second
half 104 are hermaphroditic, i.e., the first half 102 and the second half 104 are non-

gender-specific.



slots 56 provide contacts of a mating connector (not

shown) with access to the contact beans 22. The slots
woeRahRw24r ovi de cl earance between the cont act PGEESMOZEP74301

and the adjacent surfaces of the upper portion 48 of

the housing 12, to accommpdate the deflection of the

contact beans 22 that occurs when the contact beans 22

ted with th f [
0066 ]00 0l 1Tés 76 Folf 10 o e o valta¢ o] &SGR el
Qﬁbs{gﬁﬁ?ﬁpﬂfégﬁéa‘?r ﬂ'@fdll'awq% O%éﬂtgéorﬁe&mgk%p&%ntgmhe first

connec |nc udes a using 82, and a plurality of
hMEAS2 8gbly Thenlly Mk Az s&dorairlml%ll@érmﬂcsstdﬁmnvvtsh @otchLAs 14,

so that the_| 8 n be. nt ed ti I
perpeH%*éhlgp % t#ﬁélﬁgﬁ@Fﬂﬂﬁéé P$8%§¢€ QIW%3”¥OfPﬂLAS
hey! §+rﬁﬁn§d’2wﬁﬁﬁ th%&% 108t NGE\WMRR BRI e 06 Wbddpadd @lth ¥ix of the
simlar to the I M 4. [0067] The housing 82 has

ﬁmm 188 ﬂﬁroamm@lafh prposes oBhG hltghaivesinhediaends cal ipplgdg more,

0 st per pendi cul ar to the
%ﬁ?@é ﬁg?éﬁgﬁ%% @¥ the housing 82, and is
IOOSI t e ahevsudy axsaahatiedhdMaA® 84onTheestomste84th a
provi de contacts of a nmating connector (not s

whstana@lése@gnmcal Bowsict0opd dassestnd Il 104G /}fgacg ,}pouilgg)%%q includes
@ﬁg] g'g% %1? P?Wl%clﬂaésomrsgﬁ d’B&? Wﬁfiﬁ{b?ge% 4 po Premon 116

recelves an ower

@H‘at ﬁige%ls@eﬂnah@sﬂ) @maamddm 1|1M(Asm&14e pmparoetvaoﬁnghm 23). The
I MLAS 84 in the ou3|ng [ 0069]. Figures % g
ﬁrﬂpa@@ndﬂ%ﬁq@m@@ s@fha fhﬁéimt@@ﬂéwbl&&ﬂﬁé‘i‘f?%fi I 1§ “PB?‘MhG

Sut\ﬁpcgg ffc%g élﬁ"ﬁllce ul P@%g%?a an% ald §eGRY Qﬁ%ﬁﬂh{é-lggacm recess

nclu I TSt a second hal f
e, s shdvihintHguiki28 s Thhatdond PartionHé 6 fis thitneti ad that 0@ sagrend

t he d half 104 ph [
e second b1, 104 e DETTROMAL L b e 12
%?ﬁgiﬁ§%ﬁgglgﬁggﬁgnéf&§£]hglf 102 and the second hal f

e conn r- 100 are substantially identical.
The f [IO73W ihe Goarpremins 1ddot thenidegatiHé2 oﬁn@ﬂmﬁ@w@gd% 18

oo i bsd b e S0 G pobk POrREeT FAT heletong

RAURY 1036 $0Pa R RN IrEkQBeorRiNsbriorPl 16 dlthd Md@)f/all M2Asf ehOBhousing
contained within the housuﬁg 106. The connector 100 is

tiefpis cecmih odivtithis the refess hi/ ofvhpetheoloustg 180ansmaps first and
PSR R LB e ] i
recesses 117, 118 provide a visual indication that the first and second halves 102, 104
are properly oriented during mating, and help to guide the first and sccond halves 102,
104 during mating.

[0074] Each housing 106 also includes a first end portion 120 and a second
end portion 122, as shown in Figures 22-24. The first and second end portions 120,
122 each have a bore 124 formed therein. A pin 125, shown in Figures 22 and 23, is fit
snugly within the bore 124 of the first end portion 120 of each housing 106. The pin
125 fits snugly within the bore 124 of the second end portion 122 of the other housing
106 when the first half 102 and the second half 104 are mated. The pins 124 help to
cuide the first and second halves 102, 104 as the first and second halves 102, 104 are
mated. Moreover, friction between the pins 124 and the peripheral surfaces of the

bores 124 helps to maintain the first and second halves 102, 104 in a mated condition.

-9.



[0072] The housing 106 of the first half 102 is

configured to mate with a substantially identical
wh2wsseg24.06 of the second half 104. Each housk@yuIngs/074301

includes a sidewall 112. The sidewall 112 includes a

first portion 114 and a second portion 116 that

together formthe top of the sidewall 112 (fromthe

perspective of Figure 23). The first portion 114 is
t hi nni8878lo Theascopirberid postiorpb¥4 gxnds pzer sybylarsiadlydbe priire height

on t he out
LR DB a1 AR Apat o b son
131]eBmp@ﬁscﬁ1h©\Mb s!eﬁoﬂr_d gldrrizéh 12theMseqandupolyt trenod dbthe second
thinned so that the second portlon 116 és recesse

el pertien | 5 s nRRTOR RS I Pyt WEh H holipraidas Bt P‘Pfélonq 14 of the

S Gt B DR D B e g
;ﬁtirnéerﬁcm @fﬁamsh Egush%mﬁsfmremﬁmfemg/wiﬂm ihe setmldr@ld@ggicm@? of

0 e ot her_  housin t f

thg othes hayyng &Q@M%ﬁ“é%ﬁéf S?eﬁgﬂ @’8}5??&502 W‘f Y “f%é{j of

t he S@ﬁ?ﬂ:' EachtiZo4 1@@%1ﬂ3@§§bﬁﬁalﬂt9@f él%cth@él@:’oﬁ@ﬂ:tors 126,and a

recess 117 of the other housing 106 whe
mhahty sfsfusiblectleeoondichab vaddertis 1204Tlar Bhhis 0 arﬁhi@plcted in

lrst_and can [ 114 16 th
Kuf 05% S5°RRD 8L URTR M Bu IR BT Efover sme
Wa&?&?&gcth@;i}weﬁsﬂg@e 14Q4r RiBe PIDPERd DAL @08 8@ deplcted with
dufing mating, "and help to guide the first and seco

i seag (102 t0dscine Cfdtmctvqs IR g o073 TR bRGUSIG: TPy
al so | n e i t
%PQSF%HH ﬁlg@ of. aﬂgralgtgﬁeréeng%ﬁ%:%%%é?@%ﬁc 18(? g‘tr&)geég)g?ess

ﬁ%@&azvhdv@mh@@reﬁﬂr@ﬂl&oa;a&mrazmemahollaawma 1bere 124

formed therein. A pin 125, shown in Figures 22 a

is flﬂﬂﬁgﬂugﬁ%ch\ﬁlﬁtclfﬂfﬁl eHEupieF £20 alugts 3 ﬁ@t?qtpglfméﬂrg‘l a Jead
2

£0r orr t}lflﬁ x?éntdﬁ %&Eg Egb&%ﬂgm%pg% eglgfg% (lﬁlgs tl:l%%oﬁﬂgtr:fplogtﬁon 134,

andd ;,Qfst t3ehat digsindde shd gf the Geadipertidnhi 6f distslt thi acbrftac1®2rt10n

and th d half 104 Th

OO suiaBnCRg B 3t B TLEL A HAI 8008 f T c4aigyBem 140

a{ Il S{ec@ﬁfjcb REEPHG EAZ"&%H?OQ@GI 1nlapﬁdé"5ﬁ mﬂ@?&%on@ﬁ’ﬂpe QW8 irst
ron between the pins 124 and the peri pheral

cs)lntafcab&zsn 040 tskebdortieBy iPdglite Tibs Sc@nﬁapmtaﬁl h¢altﬂhlé12f1$ feggled in

Shieos & ondraa ol oo e san Redel BvirtEtbet il T

e}gaﬁlp?éﬂéh Eﬁct?i%hl%ﬁn&ftoﬂﬂ%?ti(h%@ eleG firdshoakiowand n array of

igure 24. first end portion 120 is relatively
Sérori¢al nmmmvmz(s oeten ¢ h@t@e@ém agigy op eleelirignl CPzéuctOYS 126

a'\gg Elr?arP %Elta 0%%' aacrolrﬁ/mog pe%tetrlorpe @]]: f?rs\.s&ceoc&qhe portion of the array of

clectrical conductors 126 may be arranged along the centerline and may include a first
contact beam 140 comprising a first mating end. A last one of the portion of the array
of electrical conductors 126 may be arranged along the centerline CL and include a

second mating end that is physically different (such as the second contact beam 142)

than the first mating end.

[0078] The upper frame 130 of each IMLA 108 is molded around the lead
portions 136 of the associated electrical conductors 126, proximate the associated

contact portion 134, as shown in Figure 30.

- 10 -



end portion 122 is approximately even wth the bottom

of the first portion 114 of the sidewall 112 (fromthe
wpezrspzwed ve of Figure 24). This feature prever@BUSI008/074301

first end portion 120 of each housing 106 from

interfering wwth the second end portion 122 of the

ot her housing 106 when the first and second hal ves

éloﬁ,r alj[&ﬁ)??r t@g fra([}-%q073§ qéag]{] gIA'Aié) 8, l uag&mda%he lead

%l}HfoﬁL i by OPﬂ‘he ak’s%bme% BlcRiBNEShdskeh BS), ﬁ@kﬁﬁzﬁe Br “ls§ocnted post
08 are depicted in Flgures 29 and 30

EAg s |smw m’OBtgalresS@ i Thellordlerstrame &2k raipdaiieligy-of projections 144
i.nsu

et ot PR u LD s Euresnor eness o st 40

8 rthed @Rt e I hwipt: edn\@ﬁ!; V&1 gfd thbeccetest 44 galanaandiat@nsernating
126 and twel ve of the solder balls 128 for exenplary

punposwsbashbiges efiibe joviendramgd 38f Thistagipagmens causes the projections

FRESELIET 70 TG BBy O Corh L4, e
L@0den] 1¥ReR 168 egieh itlealMCAR UIE fre podidbnddnelthidelseipassociated

cont act portlon 134, a lead portion 136 that extends
bpwﬂﬁﬁd—ﬁongltudlnal axi s and adjoi ns the contact

porti I gﬁﬁgr‘qqlégﬁ)] %él@ﬁ%lifls%agﬁ t%lg?etce&gé PAdse 5BEd gg%a%ach

the | e contact portion 134,
asjshiomn 44 fitskingyliyevi8iin thEheregrndoiy rpass 1 4hofliBd ad; acent IMLA

i ncludes a first contact. be 140 and second cont ac
behnd hupreaganyt ghig Priceions dat BVP begeriplarae @]ﬁs’*ﬁ?ﬂﬁla ©
FEJE@SSE% {44 0&995@5561’@9@%@4@8 help$ Hﬁ%&ﬁ@ﬁh@f&sﬁfaﬁ%ﬁ&i WILA 108 in

he second contact beam 142 is angled in relation
tdirmdndn gmet a,dghcnaﬂ IMIxAS 1. Hdob pIr@atdmpdéﬂlcalm hadey major Surf'lce 148

hown | 9., For.e le, an el ectt.ical
Boh kR o toa 0 e il TR R of i F B 2000, v
?arcﬂﬁé/te 9§seﬁ1|b%‘351fd' & ss SN B EOMHIT 2640 SWHEH; £ kb iSa sB&Yidtb @Rousings
of the array of electrical conductors 126 are arranged

#long a common centerline CL. A first one of the

port i f@ﬁgg dE %)rursa %e?ﬁ er%;eral %frlahlc OJHH\%I% faéﬁl% H&ses (not

be ar rline an I n

§HoReat) f&ﬁ&ﬁ&%tetﬂ%ﬁe&é%n@@ﬁ@;ﬁmﬁdﬁﬁ@mﬂ4ﬁlldf$}te datringt BIDAS.
A last one of the portion of the array of electrical

bonduencebstwezs thagroisetiensrdfgad tha rspgheRsuedpeserf|thsecggses can

dQ?f%?eﬁ?dﬁgﬁA%?ggﬂﬁﬁgﬁég@%% éoa?gztlgegzyihg?llzan

the fj0082] NBhé Mgpeefidmef ODY 8] althetiuppebodineme c]lB (Be efjuipped
each I MLA 108 is nolded around the | ead portio %g
Wit FFFE5%58 AHEPIRISEHOR Weh R BEIreEsia ide ardthe @BOJG%P&S‘% pithe

bher Aasech # ed

[0083] The lower frame 132 of each IMLA 108 has a plurality of pockets 150
formed therein, as shown in Figure 26. Each post 138 of the contacts 126 is located, in
part, within an associated one of the pockets 150. Each post 138 has one of the solder
balls 128 attached thereto, so that the solder ball 128 is positioned in part withm the
associated pocket 150. The pockets 150 can be substantially similar to the pockets 42
in the lower frames 30 of the connector 10 described above. The solder balls 128 can
be reflowed to form solder connections between the first and second halves 102, 104 of

the connector 100 and their respective mounting substrates (not shown).

- 11 -



contact portion 134, as shown in Figure 30.[0079] The
| oner franme 132 of each IM.A 108 is nol ded around the

wo zmdoppoe4 i ons 136 of the associ ated el ectri caPCT/US2008/074301
conductors 126, proximte the associ ated post 138, as
shown in Figure 30. The lower frame 132 has a
plurality of projections 144 forned thereon. The | ower
frane
et 1?}% c'é}ﬁ-ﬁg&qaﬁé&%ﬂléé ééé t?cg g&%ﬁ?‘i% gf tthE G aisioaly
rcen:ﬁmsl 264)6rrallt£eaah bﬁﬂ@&:&kctﬁtahdﬁbr@lhtt@fsﬂl@ﬂ dfghenﬁﬂ?.’n&ﬂf bR to mate
bot h sides of the Iomer frame 132. Thigs r angement
4l %]sasf“?FéatEA %lf%tsffﬂ&ﬁg ek 1gf o é Hetvermelon Are pebo st and
dE&RAsedeW §11104 %f:ér th ﬂﬁlbd?gclﬂfrcﬁw%%ﬁgle&@@coﬁﬁ chi¥et b gam 142 of
adj acent I MAs 1 08 are positione
whdthdlecttibed ICDnd3,$Smdi26D§dlefosI$hai‘fQ§2 Tosiacts 008 0JatcEhvath a

p‘;%‘i??@tﬁh? g%[ié%#lfi fgﬂﬁﬂﬁ ! ecﬁ@ (gs ]ét?%cﬁge?d@éc%ncﬂ conc}ucfaor 126 of
G BSRONGH NG WIRGARS il EnPlechbhEnadiaentod Ne'%r&&ﬁ as g_ﬂ'b%m in

engagenent of the projections 144 and the periphéry
tipressioridale d hﬁé“tr@t@@e@ctllzb@molf40tdf@addq:la@eml cpmm@rllaé of the

cate and.r stra each in rel
25 B0 Gy BEEE oAl G B s OR e e B M ot e
brRY@ical JBRHRto:SURE A€ thekd&ridmatf 1iog vaﬁglt@aiﬁﬂsﬂaﬂcﬁéeamcplﬁmm 102,
the vertical direction as shown in Figures 29 and 30,

194 piganatedat e assenbly and di sassenbly of the | MAs

108 “’;}dd%%g 6‘[99 b&ﬁ@&%%ﬁue%ﬁ?}?e #Q#&?Até‘c?ﬁrsil%d scﬁk&%f&lmﬁ%&ms

housi can have a p

4@ a43 @$ therfatt sdewsondfarveedol, hen ehef erchrogeled secmgl ddmelct
rojections. 144 of the outernost | M.As. Interference
wreldd to s ilngly detlecs nutvaadly ettt em Hesr aspprapiag first contact beam

M Ty f,aaRS:9f antd@@%_ &g%?%%gg?f ?@4 'A?é Rafcgl "ﬂl@ c&n%:;’ %Mg@%n Qs

in t e housi ng he upper franes
ahbeamdﬁhyenéahmddmmnmsbeansbﬁ)éqmabpedﬁmsemmnédﬁsﬁ@SCmﬁaa
h as the recesses 146 and

t h
E Sgi@tgﬁ?'ﬂ%% ygiﬁﬁ?%@mi V> P fg@ssq%%‘%ﬁe%?ﬁ%wmact
bavwe s reEedilent Ak n&aeh Jr MeAid08 dhas, d%héé&%éah«)é 1@,6 142

pockets 150 fornmed therein, as shown in Figure 2
Eadks ipesent@oofe betveceo dint @soEated Grst and srap@dniiot bp@m& 140,
I hin an associ ated one of the pockets 150. Each post
has one of the solder balls 128 attached thereto,

so t habssheTsoideicabadidficheBioh f BRIIrkd HAQEInA HABKE 102, 104 of
t\ﬁne tclgrlmnecgol;]?OO helps to minimize the number of different types of parts needed to
construct the connector 100, in comparison to a non-hermaphroditic connector of
comparable capabilities. Manufacturing, tooling, and inventory-related costs thereby
can potentially be reduced due to the identical configuration of the first and second
halves 102, 104. Moreover, the IMLAs 108 can be molded in continuous strips and
then cut to a desired length, to accommodate differently sized housings 106 used in
different applications.

[0087] Figures 32 through 45 depict another alternative embodiment in the
form of an electrical connector 200. The connector 200 includes a first half 202, and a

second half 204 that mates with the first half 202. The first half 202 and the second
half 204 are hermaphroditic.
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associ at ed pocket 150. The pockets 150 can be
substantially simlar to the pockets 42 in the | ower

wo eane3630 of the connector 10 descri bed abovePCIVtig2008/074301
sol der balls 128 can be reflowed to form sol der
connections between the first and second hal ves 102,
104 of the connector 100 and their respective nounting
subst neis3s (I@l@tﬁrﬁhﬁl’i@)@ 80 & sea_(prﬁl }fa@f#délg}frﬂ% édﬁﬂe&& id'ﬂ)earc
contact portions 134 of the electric conduct or
pebstantislleatchticfl. Thefdloscty ¢@ahens naduwetonstht Zﬁlrmbnftri’n‘.eof the first

I hal f 10 to mate sociated electrica
hefrabe fge sty S oSt R ARG P Gireisetigt | 1 ot
and seg®ofl habves hal202 %Qﬁlgﬁic@ aﬂ%hﬁgg 2b6, a‘ﬁ@ratﬂl&'dh@fr of IMLAS
t he angled second contact beam 142 of each electrica

éonaudtioed waBinghe bw@ufg 206t THalfirstiel 208ns datigcd et dsn all
@$E§H@L3396§%n}é (ﬁsﬁw%%ﬁht first contact beam 140

an assdeéial eet “%onduct or 126 of the

seconghgog| f Th@ﬂowzﬁéhﬁ thé A8t handoBRGOAH BN ¥ESatkOdth a
104 are mated, as shown in Figures 25 and 28. The

ﬁtﬂhﬁ@fmélbhltdaetfcabbamww tecareRons ledt 304 diack brutieg 06 includes
%gﬁc&];ltl EE% Jl%g vb?l ilﬁggluhéskae 4] d&wﬁ&?&?& %Lrﬁd 4 pe%oﬁn? 5(9111911 216

contac an assocl a

gheoiethesfornendiwptod tis: sIRG/a0f2 IRidosabepeshatile 30Riowreds). The
he first and second halves 102, 104 are nated. 0085!
ép%lﬁ{i A4 'ybied e thrbths dsydpricad 1Rily Erenad msiskgng o the

CRVLAR FREV B AL ijtﬁg?lgé\% diheof b f SlerARd aﬁ?ﬁ@g\g%_g—qacjgércccss

102, 104 causes each e second contac
215 asedbivhemt] ayra Sl aedt'.% 60 Uhwaswhy poaiway? 16 nz)mirtdeé so that the

associ at.ed_fjirst contact bea 40, as the f|r an
%ﬂé&%ﬂﬁ%ﬂ%gﬁl 6L ISFgesss %liﬂéowﬁjttéamw ycf%%etr vﬁéﬁ
L&y assachat &didt ﬁﬂnvﬁa@&i]}/ffﬁ&f?é‘%cgéérﬂl@m beams 140, 142
al so causes each of irst  contact beans 140 to

r esi I lﬁéﬂﬂl yThleﬁltsemrtlomﬂﬂr@oﬂﬂhy sidawaly 212 ofeach diousing 206 is

asso econd ct be m 142 Th S nt
SETELPIER FPRS 2P PRt DEhSHA ot £ ettt sopgnd
Hedh2es11€3 Ul (MSard MhaledC QM 36donfl QoA BNIS L WEER s‘i&b@va@ﬁﬁ%f%aﬁhmgmg
first and second contact beams 140, 142. [ 0086] The

Z%éﬁchearzd B §areessoh 7of teether hogsing AH6 sden He: fral anels
d }ila?v% 9 2,&@% a?gﬁlgfc;d;t dd o]xsq arrl]g &:oncﬁ 9 nl‘&lql‘f“ mtf%létgmdt e

er 0 eren par 0 construc

I’c&‘@s@mfﬂeﬂt&froﬂl@@a visdalciodipaidrsn th@ﬁ@t and second halves 202, 204
non- her maphrodi ti c connector of conparable

Cap@prily priedcd Gumeraring pihhelr sustidythe diig and second halves 202,

J0R | ated costs thereby can potentially be
rOe\clil(a %Bﬁbégto the identical configuration of the

firstjoeded SecbiWil A 208 includes a plurality of electrical conductors 226, and a
plurality of fusible elements such as solder balls 228, as shown in Figures 39-45. Each
IMLA 208 also includes an electrically-insulative frame 230, The IMLAs 208 are
depicted with ten of the electrical conductors 226 and ten of the solder balis 228 for
exemplary purposes only; the IMLAs 208 of alternative embodiments can include
more, or less than ten of the electrical conductors 226 and ten of the solder balls 228,

[0093] Each electrical conductor 226 includes a contact portion 234, and a
lead portion 236 that adjoins the contact portion 234, as shown in Figures 41-43. Each
electrical conductor 226 also mcludes a ball paddle 238. The ball paddle 238 adjoins
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hal ves 102, 104. Moreover, the IM.As 108 can be nol ded
in continuous strips and then cut to a desired | ength,

wa 0090weodat e di fferently sized housi ngs 106P@UBESR0DSI074301
di fferent applications. [0087] Figures 32 through 45
depi ct another alternative enbodinment in the form of
an el ectrical connector 200. The connector 200

at
el ookt B oo a0 bl 29 e,
tshesteeioin goipahdic@odtoahelohgitniphinogiof ile. QDS ioT 6.
conned 0B 2063 PBOSBEH St s orsefiet eaict fian 240 and a second

fcohth@Welsl 220 HIBIRb S CANGEIINGAd 2816 RIRONE RhSOTn EibEre 39-45.
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of the second half 204 when the first and second halves 202, 204 are mated, as shown
in Figure 36. The first contact beam 240 of each electrical conductor 226 of the first
half 202 likewise contacts the second contact beam 242 of an associated one of the
electrical conductors 226 of the second half 204 when the first and second halves 202,
204 are mated.

[0098] The contact between the associated first and second contact beams
240, 242 of the first and second halves 202, 204 causes each of the second contact
beams 242 to resiliently deflect outwardly, away from the associated first contact
beams 202, as the first and second halves 202, 204 are mated. The contact between the

assoctated first and second contact beams 202, 204 also causes each of the first contact
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204 during mating. [0092] Each | MLA 208 includes a
plurality of electrical conductors 226, and a
wptaop/asloed of fusible el ements such as sol der BGEI/US2008/074301
228, as shown in Figures 39-45. Each I MA 208 al so
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Figures 43 and 45. [0095] The frane 230 of each I MA
208 is nol ded around the | ead portions 236 of the
associ ated el ectrical conductors 226. The upper and
| oner ends of each frame 230 are thickened in relation
to the remai nder of the franme 230 as shown in Figure
45, to facilitate spaci ng between adjacent | M.As 208.
[ 0096] Each ball paddle 238 of the electrica
conductors 226 has one of the solder balls 228
attached thereto, as shown in Figures 39, 44, and 45.
The sol der balls 228 can be reflowed to form sol der
connections between the first and second hal ves 202,
204 of the connector 200 and their respective nounting
substrates (not shown). [0097] The configuration of
the contact portions 234 of the electrical conductor
226 permts each of the electrical conductors 226 of
the first half 202 to mate with an associ at ed
el ectrical conductor 226 of the second half 204 when
the first and second hal ves 202, 204 are nated. The
el ectrical conductors may include only two
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offset in relation to a longitudinal axis of the lead portion of the first electrical

conductor.

4. The electrical connector of claims 1 and 2, wherein:
the first electrical conductor further comprises a lead portion, a post in

electrical contact with the lead portion, and a first fusible element mounted on the post.

5. The electrical connector of claims 1 and 2 further comprising a first
frame that carries the first electrical conductor and second frame, wherein the first
frame comprises a recess, and the second frame comprises a projection that fits into the

FeCess.
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a first half; and a second half matable with the first
hal f, wherein the first half conprises a first
we@bkmensiozeal conductor, the second hal f conpri SBGI/ES2008/074301
second el ectrical conductor substantially identical to
the first electrical conductor, the first electrica
conductor conprises two differently shaped cont act
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beaghopertion of the first electrlcal conductor. 4. The
el ectrical connector of clains 1 and 2, wherein: the
first electrical conductor further conprises a |ead
port| n o) I: ] :
Port i 5n,  anuy Geqitl PhELlof GRLARATE B2 Wit o bR Elecuics
ogtctol cachlhercell@citili dzdkctalioln nat har-defecedbéd himtmlarﬂintﬁe Bvo first
further conprising first frame that carries the
glegtdgal PURICII T RRECEHYEASE OFEnd second frame, wherein
the first frame conprises a recess, and the second
frame conprises a projection that fits into the
recess. 6 .Thehdeottied tonnealor of)iriﬂliﬁl'stlozmd(ﬁ whleaiimthelfiramchli2,
wherein the fjrst Iectrlcwé g ﬁ or is carried by a
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another. 8 . The electrlcal connector of clains 1 and
2, wherein two first electrical conductors each have

i dentlileal Tdefelestricabtannaster ploviaimstll asdt2amherchethmitiFdatihe

ctovn\%rlfsésraséulde pin on only one side of the first half and the guide pin is removable

from the first half.

12.  The electrical connector of claims [ and 2 further comprising a guide pin
on only one side of the first half and a guide pin bore only on an opposite side of the

first half.
13, An electrical connector comprising a first half, wherein:
the first half comprises a guide pin on one side of the first half and a

guide pin bore on another side of the first half.

14. The electrical connector of claim 13, wherein the another side of the first

half is opposite the one side.
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el ectrical conductors nmate with each other. 9. The
el ectrical connector of clains 1 and 2, wherein the

w0 2009032624 f conprises a guide pin on only one BITES2908/074301
the first half. 10. The electrical connector of clains
1 and 2, wherein the first half conprises a guide pin
bore on anot her side of the first haIf. 11. The
e'ethSCa'Aﬁ@E@@&%H&mﬁ&ﬁ&HﬁJ 11- mhereln t he
first half conprises a guide pln on only one side of
the first aatst hantg hed gui de p| nis renmovable fromthe
first half he electri.c nector f c% ims 1
bnd o 1 ar iR e e Ve ety Shis et
Qbctlifie ct)ﬂldu%ior@ﬁlefarr@ﬂ&daal&ig f{j&)rﬂhé‘n @@ﬁ&llﬁ@'ﬂﬁr@fbr@%f the portion
opposite side of the first half electri cal
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thatdnterlide chhpn@b @@Ed’dn@&aﬁa‘cﬁ?%ﬁ@ @1a®rs Rlysichiat gaffdnt than the first
wherein the another side of the first half is opposite
rnHEZome- si de. 15. A el ectrical connector portion
conprising: a first housing; and an array of
el ectrical conductors, wherein a portion of the array
of electrical conductors are arranged al ong a common
centerline, a first one of the portion of the array of
el ectrical conductors arranged along the centerline
conprises a first mating end, a | ast one of the
portion of the array of electrical conductors arranged
al ong the centerline conprises a second nating end
that is physically different than the first mating
end.
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