WO 2006/ 071375 PCTI US2005/ 041158 ELECTRI CAL CONNECTOR W TH PROVI SI ONS TO
REDUCE THERMALLY | NDUCED STRESSES Field of the Invention [0001] The present
i nvent i onypeb@lesss0 el ectrical connectors of the type @E@h¥§%§m4ﬁg§nted on
a substrate using multiple solder connections. Background of the I'nvention

[ 0002] Electrical connectors, such as ball-grid array (BGA) connectors, are
commonl y nounted on a substrate using nultiple solder connections. The

sol der connections act as electrical and mechani cal connections between the
substrate and the connector. [0003] The connector and substrate typically
operate at tenperatures above anbient. Tenperature changes can cause the
connector and substrate to deflect, i.e., to expand or contract. (The
anount of deflection of a conponent as a function of tenperature change

often is ex g\tsp‘ql t P@ﬂﬁ: AR BEIEE. RV LYhe
conponent . )E"‘ e ,armg‘%%%‘? de fe?ﬁ?ﬁéﬁ%‘éﬁ‘?ﬁ@?yﬁ t ebgfc)tr]l%ﬁ%r anoF’Y
substrate in response to a given ! ge usually differs. In

ot her words, the CTEs of the con@@iﬁ@ﬁm@bstrate are usual ly
different. [0004] Differences between the ambunt of thermally-induced
deflection of the connector and the substrate can induce stresses on the
sol der connections between the two conponents. These stresses, repeated
over nultiple heating and cooling cycles (referred to 1 WD 2006/071375
PCT/ US2005/ 041158 as "thermal cycling") can weaken the sol der connections.

Weakeni ng ofjel idthe $hvertfoanecti on can affect the integrity of the signal
transm ssion through the solder connection, and in extrenme cases can result

in separatighof) the Bl felent BRBAGI AMuds 16 ebiiial GMBAGYE R 1ypEhab st rat e.

mounted on a substrate using multiple solder connections.

Background of the Invention

[0002] Electrical connectors, such as bali-grid array (BGA) connectors, are
commonly mounted on a substrate using multiple solder connections. The solder
connections act as electrical and mechanical connections between the substrate and the
connector.

{0003] The connector and substrate typically operate at temperatures above
ambient. Temperature changes can cause the connector and substrate to deflect, i.e., to
expand or contract. (The amount of deflection of a component as a function of
temperature change often is expressed as the coefficient of 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.

[0004] 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
1



100051 Positive tenperature changes typically cause connectors to expand
outward fromthe center thereof. Hence, the greatest amount of defl ection

in a squaye 2066076t angul ar connector occurs at and nearl,cilﬁﬁzgdyogﬁsgorners.
Moreover, it is believed that the greatest differences between the

respective defl ectjons of the connector and the underlying substrate occur
at and nearast terat exclisgtranavegken the selderronpestionsh Weakening ofpldert i ons
associated with these | ocations therefore are subject to relatively high

t her mal | y- i codneivn csh affsstadbe inBegmity of/the fignhldransmassioncthrqugb O soldeer mal

expansi on and other stresses can create a strain on surface nount

connect i onsconAectidn] &l in®xtrehe cases TaMfesuln w@fion 8f {he soRI¢Ecaihetistefrorn tht
contact tails conpliant at strain points. The invention includes orienting

first cont a‘%‘ﬁe&%@%g% s¥afehan second contacts, elongating contact end
housi ng pockets defined by a connector housing to permt freedom of

novenment of seco contact end with res t to the housjn a, wafer, or
the rirst cBMScr as. EosiH BRpeRfe Hanhet SRRFLL o8k 0stely Hoakioilnd
differently than first contact end pockets. Another object is to |locate a
sol der massiomihe sentgsdhsreely Hange, the grealss amount okdpilestion ing $Qatgiof an opti onal
wafer. [0007] One enbodi nent of the present invention generally includes an
el ectrical rectongudart connecdpadsicersat atxbngag iteoutet eatnens. Maratrery iisdelieved that the

el ectrical connector including a housing that defines a nounting surface, a

first cont agtatestdiff@endes btiweeh thisresi@cividdefRefiond oTgh@comReRBE Aridvifie ﬁﬁubrltyﬁlgf irst
fusi bl e el enent nounted on the respective end of the first contact for

securing t i t i d

cont act t hat O A DB A b e R BBl B s CoB A e BB

housi ng, and _ a.second (fusible el enent nmounted on a.respective end of .the
Second’ cont Bt VB eeE hekafind BER RS0 RS OeRildy BittbimEMindised 1 ne
respective end of the second contact can nove with respect to the housing.
An opti onalSEgES&r may be positioned adjacent to the nounting surface and

adj acent to the second contact. The
Summary of the Invention

[0006] Thermal expansion and other stresses can create a strain on surface mount
connections. An object of the present invention is to make surface mount contact tails
compliant at strain points. The invention includes orienting first contacts differently than
second contacts, elongating céntact end housing pockets defined by a connéctor housing to
permit freedom of movement of the second contact end with respect to the housing, a
wafer, or the first contactas, or orienting second contact end housing pockets differently
than first contact end pockets. Another object is to locate a solder mass with respect to the
surface mount contact tails via an optional wafer.

[0007] One embodiment of the present invention generally includes an electrical
connector capable of being mounted on a substrate, the electrical connector including a
housing that defines a mounting surface, a first contact mounted on the housing and
defining a respective end, a first fusible element mounted on the respective end of the first

contact for securing the first contact to the housing and the substrate, a second contact that
2



nmounting surface of the housing nmay define a depression. The wafer may be
positioned in the depression. The respective end of the second contact can

nmove W t RyHesisiz7s0 the wafer. The wafer can nove Wt By t he
housi ng. The wafer may define a pocket that receives tE(e: @2@%@41}13% bl e

el ement. The depression may be | ocated proximate a respective outer corner
of the housfitepdsthreuglsthsheusiag: andta secondofisiblecelement apounicshon prespretive prdsel
contact. A depth of the depression is approximately equal to a thickness of
t he waf er. th¥lsecondfcentactsfopseriiengiesesapdaoatactioshewsifbstratenyherein the exspesitive
respect to the housing until the connector is attached to the substrate.

[0008] A cl @rreMBesdtbyd exitsdt cheinywe withirespeette thelishsihgp eXn pftindl whfet hay
depression, and the clearance is approximtely equal to a maxi num

antici pat edbéiécfsftﬁfn@@ %@_a@&h gt énésdg@gggéﬂfé’ceiaﬂﬁl WAl 85 teGhbaHa &B[au?er ousi ng

and the substrate proxXimte plurality of contacts. [0009] The

first contact and t second cont act be orient di fferentl ith,.
Fespect ¢ o PREseRACE SR ok B BN £ feriraSR. dheMarahEnte alond b ong
contact and  the housing nay he greater than a clearance hetween the first
cont act andthe depmRssian- nkfie respectiyeapkefithe secangdicoitagt gan moye Mathaespeslde thean nove
wWth respect to the housing after the second fusible elenent is nounted to
t he subst r awvafer. Thiee Wafer bdremevewithirespagt th thechomsinge Thb atafer mdyOdefidf a Poeket
connector may be a socket for a ball-grid array connector. In any type of

connector, thheretdivésith€ etbad fusiBly cletheh CTHeRltptedsidn imayYe 1b&tét proRintie 4 he
substrate, the second contact nay be secured to a second | ocation on the

Subst r at &, QlbeliPoNE @imat thdfoushheVCRABSRATGATR: CTLLBRORSH 031 BAn, Second

contact can ve Inrelation to t housi ng In response to relative novenen

bet ween t he. housi n n h econd location .on the substrate. [0011 he
second cont@éicmgbg q%Bh‘a‘%etEe ﬁ%ﬁﬁs}?&‘%a%ﬂﬁmé}maé YE%‘Hig a CI"t"r‘?EéJ Of&%%é’f“g?@ The
housi ng may _defi ne an el ongated pocket, wherein the second contact is_
nmount ed on’ FiewaEULSiDERfeEpb 1Y yrare: Hiewaferanay befixetiwith respectde therhousisgraih i s
positioned in

the connector is attached to the substrate.

[0008] A clearance may exist between the wafer and a periphery of the depression,
and the clearance is approximately equal toa maximum anticipated difference between
thermally-induced deflection of the housing and the substrate proximate the second
plurality of contacts. |

[0009] The first contact and the second cohtact may be oriented differently with
respect to the housing. A clearance between the respective end of the second contact and
the housing may be greater than a clearance between the first contact and the housing. The
respective end of the second contact can move with respect to the housing after the second
fusible element is mounted to the substrate. The fusible element may be a solder ball.

[0010] The connector may be a socket for a ball-grid array connector. In any type
of connector, the first contact may be secured to a first location on the substrate, the

second contact may be secured to a second location on the substrate, and the wafer and the



t he el ongated pocket. A longitudinal axis of the el ongated pocket is
substantially coincident with a direction of novenent of the housing in

rel ati onwe@ ddp7ebstrate resulting fromthermal ly-i “dﬁﬁfﬁls?&fs)o«?ﬁgd on of
t he housi ng. The el ongated pocket may be oriented radially troma center

poi nt of the housing, wherein the el ongated pocket is oriented about

t hi rty-t hr econs qapacy cas gave daglatian to the Bowsing Mespomss tayielatig MYGEIERg can

al so define pockets with angled sidewalls. [0012] A wafer nay be positioned
over the ellmtwyedndlie bowsieg andTthe sevahé tocdedn othe sabstoté.f i ce and t he respective
end of the second contact extends into the office. [0013) An advantage of

the present{odmMent i orThessebbrat conkeRt Rl betdvandippokiniatt 4f \ter corhdr@fgrRs on the
sol der connections can be reduced by orienting the second contacts or

pocket s a”%o%iﬁ&ﬁg ‘_"flfeﬁo{%hilng% Jriie aﬁ%@gggeg P&;&ér,twlf‘e'i’élﬁ @sg@@n‘(cfcd’fft&c?isf espect

wi th the housi e-contact poc el’ongat ed, waf er may be used

so that sol der ss, l.ocation,c be Lntai,ned. Brie scription of the

o awi ngs [ 000 e gBugBE A 1B edForeoind e et i i W5t Bedin e
description of a preferred enbodinent, are better understood when read in
conj unct i orfh§elongatedpesksk nidengiiingl ainak the clongsted gacketissubstantiglypose of
illustrating the invention, the drawi ngs show an enbodi nent that is

present |y pogfcadenewith Biirecthioreofi movement nbthelhonsing iy refatiomrte the substrdte specific
instrunentalities disclosed in the drawings. In the drawings: 4 WO

2006/ 071375eamﬂgﬁaﬁ%éﬁﬁn%5muck@aeﬂ&cti5h of thk Hosisidgh Tht eMdngatedipedketmay 86 er r ed
enbodi nent of an electrica connector; [0009] Fig. 2 is a magnified view of

e 2, Al ptth e g OOl gy, BBt 0 1
([10011] Fi g 'on%n{eﬁ a%o&etﬁmyt ; eede S ifgr¥\§-gifghtt ci"eegrc%rs.e aOr(ljeegtj {He vavta eq o; 'ﬁ;e ﬁorlllsiﬁig Qan Lowth
also define pockets with angled sidewalls.
{0012} A wafer may be positioned over the elongated pocket. The wafer defines
an orifice and the respective end of the second contact extends into the office.
[0013] An advantage of the present invention is that thermal expansion and other
stresses on the solder connections can be reduced by orienting the second contacts or
pockets and otherwise allowing the second contact ends to move with respect with the
housing. If the contact pockets are elongated, a wafer may be used so that solder mass
location can be maintained.
Brief Description of the Drawings
[0007] 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:



waf er of the connector renoved; [0012] Fig. 5Ais a top view of the

el ectrical connector shown in Figs. 1-4; [00131 Fig. 5B is a top perspective
vi ew of i cal connector shown in Figs. 1-5A h the
line "B- W%"?k@f‘t&“ 5A; [0014] Fig. 6 is a magnified vi e%végﬁg%oﬁge%g?%a
designated "F" in Fig. 5B; 100151 Fig. 7Ais a magnified view of the area
desi gnat ed [pBY8]i N Fi GFighI is altsftbel viewdf a prefeifederibsiimeht éf@ décddcal D' shown in
Fig. 7A, froma perspective displaced ninety degrees fromthe perspective
of Figure zﬁhn&c(t)&.l?l Fig. 8 is a cross-sectional side view of a wafer of the
connector shown ih Figs. 1-7B; [00181 Fig. 9 is a magnified view of the

area desig "E" i Fg. 6, depictin t he connect.qr,.yoynted on a
substrate. qﬁh@im Fi g‘ﬂg'l%giasmgg%ﬁﬁ‘gﬁ\" I él?ﬁ ag?agefggé]lae r t'i"\ﬂg' nbodi ment of
the electrical connector, shown Figs. 1-9; [0020] Fig. 11 is a magnified
view of thd08Ha desikjgat @@mmﬁﬁwpy.ofﬂmmq@@mw& @\ mFigd, withsglder | ed
view of the area designated "G' in Fig. 11; and [00221 Fig. 13 is a
cross-secti onal baileof thelcenndchorgembvedie |ine "H H' of Figure 12. 5 WD

2006/ 071375 PCTI US2005/ 041158 Detail ed Description of Preferred Enbodi nents
[0023] Figyogrl)1l-9 demp ™ isa migiiféd deworartireRddsigatedn A1 iaFig.1¢ Mithgonnect or
10. The figures are each referenced to a common coordi nate system 11

depi cted therei nwe%fyﬁthgi?é}&%%i)fen%ehs a socket for a BGA connector. This
or Is [

particul ar type of connector scl osed for exenplary purposes only, as
the princi of the.present, invention can. b applied ta her types of
connect ors %?@dzq Tfrégcjedi FetieB Y 1%0}&@5 e%&%ﬁ?ﬂ’ﬂggw%ﬁwéﬂﬂ t‘gsaﬁ'é’ 12 (see

Figure 9). The substrate 12 can be, _for_exar‘rEI e, a printed circuit board, a
printed wirlB0BYard, &1gadkisiatap perspective view of the electrical connector shown in Figs.

1-5A, taken through the line “B-B” of Fig. 5A,;

[0014] Fig. 6 is a magnified view of the area designated “F” in Fig. 5B;
[0015] Fig. 7A is a magnified view of the area designated “D” in Fig, 6;
[0016] Fig. 7B is a view of the area “D” shown in Fig. 7A, from a perspective

displaced ninety degrees from the perspective of Figure 7A;

[0017] Fig. 8 is a cross-sectional side view of a wafer of the connector shown in
Figs. 1-7B;
[0018] Fig. 9 is a magnified view of the area designated “E” in Fig. 6, depicting

the connector mounted on a substrate.
[0019] Fig. 10 is a bottom view of an alternative embodiment of the electrical

connector shown Figs. 1-9;

[0020] Fig. 11 is a magnified view of the area designated “F” in Fig. 10;
[0021] Fig. 12 is a magnified view of the area designated “G” in Fig. 11; and
[0022] Fig. 13 is a cross-sectional view taken through the line “H-H” of Figure 12.



etc. [0025] The connector 10 conprises a housing 14. The housing 14 is
formed from a suitable electrically-insulative material such as plastic.

[ 0026] TRyp seBe@y9r 10 al so conprises a plurality of cpgf %035/3 3sg | 8D
mounted on the housing 14. The contacts 18a are substantially identical to

the contacts 18b; different reference synbols are used to denote

differencesl)agﬂuuapasctrnﬁidnqgm@fdry@Em,ioahﬁms of the contacts 18a, 18b
wi thin the housing 14, as discussed bel ow. [0027] The contacts 18a, |8b each

include a qgp3HCt POrf;LQRs ?%Odéggﬁ%ﬁ&q&ﬁﬁﬁﬁmem%&ﬁ@ﬂ cGffieioPso.a first

end of the contact porF| on contact 18 al so includes a

subst anti al -shaped tail 24 at _adjoins g.second end,of .t body22 (see
loure ) - THEGEEER R adiblerdried WL aithPh B did B9 RrE o o st efl T o
upper surface 32 and a | ower surface 36. The housinq 14 al so includes a
plurality ¢onpeoter 199s aisackehfsjadBGA coppgeiarn d hispasticudartypg of comnedtorss 5
plurality of partitions 35 positioned between adjacent ones of the ribs 33
(see Fi gur elisclgsed for exaniplaBy purppges ointyy apthiepsinoipleasiod the prese@sinvautianien be

associ ated partitions 35 define cavities 37 within the housing 14. 6 WO

2006/ 07137 %pphidd tdARQ 34 bI28nnekfdd9] Directional ternms such as top, bottom
upper, lower, etc., are used in reference to the conponent orientations

depicted i jgure 6; f f liar, S ly, and
gg%g THe_Q%ﬁﬁ%ctt@rr 15caf'be nYsifitkd i a SRR 19_(%6@41@?'8 ¢ STRY

are not in dtolimt the scope of the appended cl ains. 0] The
partitions 35 . have, slots .39 forned t.herein.(see.Figure 7A) . Each.slo 39
Ext ends  SutsUbLTY B fir i (o raadl: f R eifyit B i iy vomtiEpittlimgy t vo
bevel ed surfaces 41 of the partition 35 (see Figure 7B). Each slot 39
recei ves af'Guter edge of the body 22 of an associated contact 18a, 18b.
[0031] Four depressions 38 are formed in the |ower surface 36 of the housing
14 (see Filf029 4 and'h@)confertdr l0soompsisesa heusingclt ethegromgingdédas fommed from
corner of the lower surface 36. The contacts 18b are associated only with
the porti onsufthble BRchiRbll PiRsRRkivE Baterial such as plastic.

[0026] The connector 10 also comprises a plurality of contacts 18a, 18b mounted

on the housing 14. The contacts 18a are substantially identical to the contacts 18b;

different reference symbols are used to denote differences between the respective positions

of the contacts 18a, 18b within the housing 14, as discussed below.

[0027] The contacts 18a, 18b each include a contact portion 20, and an elongated

body 22 that adjoins a first end of the contact portion 20. Each contact 18 also includes a

substantially S-shaped tail 24 that adjoins a second end of the body 22 (see Figure 6).

[0028] The housing 14 comprises a bottom portion 30 having an upper surface 32

and a lower surface 36. The housing 14 also includes a plurality of ribs 33 that project

from the upper surface 32, and a plurality of partitions 35 positioned between adjacent

ones of the ribs 33 (see Figures 6, 7A, and 7B). Opposing pairs of the ribs 33 and the

associated partitions 35 define cavities 37 within the housing 14.



30 having the depressions 38 forned therein, as discussed below [0032] The
bottom portion 30 of the housing 14 has a plurality of penetrations 40

fornmed tRheoebdsnters Figures 4, 6, 7A, and 7B). Each pengpialshfi8ofdss €Cei ves
a portion of a corresponding one of the tails 24. Each penetration 40

originates on the upper surface 32 of the bottom portion 30, and adjoins a
correspondi [8§2%9ne of Directiomal tefras sl as Tipe bpttoras unper, dowerdetcaaee used &l so t hat
a clearance can exist between the periphery of the penetrations 40, and the
portions ofrefdnenceas tie cofnponemtoeidntationedapictédin Rigunel thesd teems pensed fifri ons 40
can be sized so that a clearance of approximately 0.1 nm exists between the

periphery taeppPiry lshos&oriiang aknot lifteriid@d niEthB9édpR of i appBfdearildime!

value for the "clearance is application-dependent, and a particular value is
specified f enpl . nl CAVI r [ t he

contacts 18@,63@;b. Iﬁf%%?{%ﬁégr%;ﬁ%atgﬁg%ﬁso%gﬁk% Feérggsﬁetgloﬁ{? %2@'1@%@ Srqub IS
positioned substantially within a correspondi.ng one vities 37 so that
the adj oi ni{rEXtends s ‘ast%fﬁ{aﬁﬂxd&ﬂ{ew%gﬁ ?%ed?%%%iaa@é‘o‘s%e@ﬁ@k’é‘f’ﬁﬁve&%ﬂ and t he
contact portion 20 extends upward fromthe cavity 37 (see Figures 5A-8). The
sl ots 39 7 sndfac0d) afthapatinoT BHsee dEgure TBE sEachsias d9aeenivasiantoutsi ehgeefthe y 37

recei ve opposi ng outer edges of the body 22. The bevel ed surfaces 41 that
defi ne eaclhbmly@2 ofanaesviciatéd comtactil &4, 18blge of the body 22, and help to
restrain the associated contact 1 Sa, 18b within the housing 14. [00341 The

penetrati on@odf] assOoCkirAdpikdibhs!I%ears iHhRa S thkdbweAkirfaBEBO bR housing 14

correspondi ng one of the depressions 38 (see Figures 4 and 6). A portion of

penet rat i oo o B 4 R0, EicHELECisTs T o] e o BRIV o

penetration réspondi n epressi ons [ 00351 A
plurality of pockets 42 are rmed in, tege ottom portion 30 (see Figures
1-4). The p%‘?:‘%%? € Bnarsortoets b ot asrodia S ¥ith e Restipnscafdha boftors gordian ¢ he
pockets 42 are not formed in the portions of the bottom portion 30

associ at ed 3 havingthe depressiarisddfonsed therein, as discussed below.

[0032) The bottom portion 30 of the housing 14 has a plurality of penetrations 40
formed therein (see Figures 4, 6, 7A, and 7B). Each penetration 40 receives a portion of a
corresponding one of the tails 24. Each penetration 40 originates on the upper surface 32
of the bottom portion 30, and adjoins a corresponding one of the cavities 37. The
penetrations 40 are sized so that a clearance can exist between the periphery of the
penetrations 40, and the portions of the tails 24 located therein. For example, the
penetrations 40 can be sized so that a clearance of approximately 0.1 mm exists between
the periphery thereof and the tails 24. It should be noted that the optimal value for the
clearance is application-dependent, and a particular value is specified for exemplary
purposes only.

[0033] The cavities 37 receive the contacts 18a, 18b. In particular, the body 22 of
each contact 18a, 18b is positioned substantially within a corresponding one the cavities
37 so that the adjoining tail 24 extends through the associated penetration 40, and the

contact portion 20 extends upward from the cavity 37 (see Figures 5A-8). The slots 39
7



Each pocket 42 extends inward fromthe | ower surface 36 of the bottom
portion 30, and adjoins a corresponding penetration 40. A portion of the

tail 24 @§osacli@eHtact 18a extends fromthe correspongipgspRssiigt i on 40
and into a correspondi ng one of the pockets 42. [00361 The connector 10

al so conprises four wafers 50 (see Figures 1-3 and 6-8). Each wafer 50 is
posi ti oned assddidted with @aclesgvinydi7ngeeivecoppbsihp eutte pdges off tresbody 22h dihe blreeled
connector 10 is nounted on the substrate 12. The wafers 50, as discussed

bel ow, facidutfadds®1 the &E‘%ﬂ RadPNGNonkaBt MeAfer diige G»Plﬂfeaef&@ 228d@anp the

housi ng 14. The wafers 50 are fornmed froma suitable

el ectrical lré%@ﬂ@s%oﬁqt%%ﬂ%ﬁ& allgg.“g ﬁlreqlla\{,l\ﬁpgrlg. formed froma liquid

crystal pol e ndteria rom h'the wafers 50 are forned

houl d h E i mat el | to that of th i.al from which th
housi ng 14 O34T or oot he g HsneIRecpe e Wik B ePnae ORaaPdRRd n

approxi mately constant wthin the projected range of operating tenperatures
for the corfesespanding onedddridapsespionadises bigvres andHpdy p@ypnaégles@hﬁaﬁd a

| ower surface 50b. The upper surface 50a preferably abuts the | ower surface
36 of the readlsbfidietdntabis8bertendd feom tie MbreRpiliip/HdiébatRiml40sSr0IGE ©41158 50
is positioned in the associ ated recess 38 (see Figures 7A and 713). A

plurality obreffnificonedfMeddpissts 381 each wafer 50 (see Figures 3, 7A, 7B,
and 8). The pockets 52 exteng inward (into the wafer 50) fromthe | ower

surface 50 nty-f} t | hMe- | v.e
array, ar ettpgjrrgrﬁd in %§§H91§)?' 0? ﬁgaé\%g% %e gg%e‘?ﬁé hgeg% ?%g‘ ﬂorﬁaﬂ;)rgg ?segﬁédré/s
arrangenent, of .he pockets 52 is appl.ication dependent, A specifjc nunber
o ac T angeih TRirpRes G0 drciissda Sl Boiyatn #F cOiRGE 15 cHiphes theorkids B2a8n y.
[0038] A slot 56 is formed in each wafer 50 ésee Fi %ur_es 7A, 7B, and 8).
Each sl ot 6 fared i the porkens of thmbattem peyper 36 assoaiatedspith theigpreggionsss. a
correspondi ng one of the pockets 52. The tails 24 of the contacts 18b each
ext end t hr duagh packsd 42 exteadginnardfremahe lowee swifare 3653 théddsattons portioh 80paref er abl y
is sized so that the corresponding tail 24 fits wthin

adjoins a corresponding penetration 40. A portion of the tail 24 of each contact 18a

extends from the corresponding penetration 40 and into a corresponding one of the pockets

42,

[0036] The connector 10 also comprises four wafers 50 (see Figures 1-3 and 6-8).

Each wafer 50 is positioned within a corresponding one of the depressions 38 when the

connector 10 is mounted on the substrate 12. The wafers 50, as discussed below, facilitate

relative movement between the contacts 18b and the housing 14. The wafers 50 are

formed from a suitable electrically-insulative material, and preferably are formed from a

liquid crystal polymer. Optimally, the material from which the wafers 50 are formed

should have a CTE approximately equal to that of the material from which the housing 14

is formed, and the CTEs of both materials should remain approximately constant within

the projected range of operating temperatures for the connector 10.

[0037) Each wafer 50 has an upper surface 50a, and a lower surface 50b. The

upper surface 50a preferably abuts the lower surface 36 of the housing 14 when the wafer
8



the slot 56 with no substantial clearance between the tail 24 and the
peri phery of the slot 56. [0039] The thickness of each wafer 50 is

appr oxi fiyiclovs/@dsal to the depth of the depressions 3&cTios20bd04¢i68ess of
the wafers 50 and the depth of the depressions 38 are denoted by the
respective reference synbols "t" and "d" in Figures 6 _and 8. The depth of
each depr es¥iipRositioned i b ss3psigied repess 3% (5o Figwes dht andeiBly £} plurality of he depth
of the depressions 38 is application dependent; a particular value is
speci fi ed Ipockéts 52 are foonedinl eacl Walar 50 <ses Fogurgs 3, 048, amth &) whheperksd 53r e
sized so that a clearance can exi st between the periphery of each wafer 50

and the perexpadiywarid (ihe tiessafer $0)dtbngl eerlewsd sunfads 50b NEwentgiverutethd pocketenot ed
by the reference synbol "c" in Figures 2, 3, and 9. [0041] The wafers 50 are

not necessal a3y H § vk by B steliStmiddin RS e bters SheTHEG R0 are

capable of a limted degreé of laferal novenent in relation to the housing

14. The term "l at er al " d_thro 0 t specifi-cation

denot e roether 1 ErrERERREY e ptkelt33 bIRUAOPHooch ™ A ALAE: |
upper surface 50a of eagg‘ﬁ 9 WO 2006/ 07,?,3 PCTI US2005/ 041158 wafer 50 can
sl i de over JPASTARGRIPT EMOCKSS of isShect 16@56&&1?'&9@%30%09 e housing 14,
within the confines of the correspondi ng depression 38. [0042] The cl earance
"c" is appriB838&atel y IE.SIDHSﬁime'rmCCF inecaclowater BB 1(seedigHiendd, 7Biand 8laEeelssleD can
nove approximately 0.14 mmfromthe positions depicted in Figure 2, in each
of the +X, 56extends irwiid fiontlihe@ppéransfacel30asand gljsias & aoirespoadidg oheof the nMaxi mum
anticipated difference between the thermally-induced defl ections of the

substrate #gfﬁaysﬁt Phe ﬂH%h%@tﬂcﬁCoﬂf/ac{sh%b%h@lﬁéxt&ﬂWﬁf&x fa cbh%séﬂmaﬁigwe b It

shoul d be ed that the optim alue for the clearance "c" 1s application

dependert. o SRASEL ek B Sa AIRTL A ATHELR Lofrn AR AURRFES
el ements | rghet sqgt 56 with no substantial clearance between the tail 24 and the periphery of the slot
56.

[0039] The thickness of each wafer 50 is approximately equal to the depth of the
depressions 38. The thickness of the wafers 50 and the depth of the depressions 38 are
denoted by the respective reference symbols “t” and “d” in Figures 6 and 8. The depth of
each depression 38 is approximately 0.3 mm. The optimal value for the depth of the
depressions 38 is application dependent; a particular value is specified herein for
exemplary purposes only.

[0040] The wafers 50 are sized so that a clearance can exist between the periphery
of each wafer 50 and the periphery of the associated depression 38. The clearance is
denoted by the reference symbol “c” in Figures 2, 3, and 9.

[0041] The wafers 50 are not necessarily physically connected to the housing 14.
The wafers 50 are capable of a limited degree of lateral movement in relation to the

housing 14. The term “lateral movement,” as used throughout the specification, denotes

moment in the +x, -x, +y, and -y directions. In particular, the upper surface 50a of each

9



formof solder balls 60. Each solder ball 60 is associated with a
correspondi ng one of the contacts 18a, 18b. The solder balls 60 associ ated

wi th the wonb@absrd8a are positioned, in part, wthin acgRISh@SPPIISE NI one
of the pockets 42 of the housing 14 (see Figures 2-4 and 6). The sol der

balls 60 associated with the contacts | 8b are positioned, in parf, within a
cor r espondi WaeHPR C wtdﬁ@vsbﬁx@@é@cw PSFIOPH’ét%lpé’teés‘géaceggé’fﬁ“gkg’r“é@gi‘h 6, TA

and 7B). Each solder ball 60 is nounted on the tail 24 of the corresponding
cont act 18awithigishe {@0ine} ofithe conkspondingldepresiorad® used to el ectrically and

mechani cal ly connect the connector 10 to the substrate 12. In particul ar,

each sol der{0b42] 60 aThg¢lsarahddt‘cd is appedximprendd. 14 now it thetcoprettdr4 00 Henbe
substrate 12 when the connector 10 is placed thereon (see Figure 9). The

sol der bal | e QAR S0 wb}n%@g Eg%rbﬂn?atél?b.'lﬁ%rﬁrfﬁlﬁﬁ% ﬁJaﬁiongabﬁilatea ReFgatedtelin

balls 60. The nelting and equent” re-hardeni ng of the solder fornms sol der

connections twee, jl.s 24 Ofrt , t he
correspondi%ﬁ§§£ﬁ§§§?qggﬁg%ggshh%ﬁéoﬂkfgégﬁggggg%&%%négﬁﬁh%ﬁaﬁos| ion in
relation to the hqusing 14 as th onnect or, 10, | nount ed on the substrate
15 st ng t BSCPAE GHTARGE Rverir Tegmaibn T ReL oo qidhe Sbsie 18 4

2006/ 071375 PCT/ US2005/ 041158 be broken after the connector has been

mount ed, t dhpbpwsing 14hat thepetes c@oerns of thehwusing 1felizshpuld heqotedthaidhe ppigmals.

[ 0045] The sol der connections 64 associated with the contacts 18a forma
mechani cal wabiefoe tHewlediricet'eN istdpplitatioh slegehdeifit; b Bpecificvalaé & spEeified hereindoisi ng
14, and the correspondi ng contact pads 52. Hence, the solder connections 64

associ at ed &etrpldrPBurpoSédidity. 18a can be subject to stresses induced by
di fferences between the thermal expansion of the substrate 12 and the

1owo) 09, 14 b, TP BhEC RRGEH At RRRLO SR pelegBlects,
2, e aspe oL el CAESh dBaU 0.l 1G ! SubSeidabhg Kool
clearance bc%tn\t,a\%t%nl 8ta,h IeSbt. a’Ii‘Ille s%)?de;;1 ggllst goeasg(scriailtggl \?vritiln tl?g ccsnrt]a(.acts'S { 80; are positioned, in
part, within a corresponding one of the pockets 42 of the housing 14 (see Figures 2-4 and
6). The solder balls 60 associated with the contacts 18b are positioned, in part, within a
corresponding one of the pockets 52 of the wafers 50 (see Figures 2, 6, 7A, and 7B). Each
solder ball 60 is mounted on the tail 24 of the corresponding contact 18a, 18b.
[0044] The solder balls 60 are used to electrically and mechanically connect the
connector 10 to the substrate 12. In particular, each solder ball 60 aligns with a
corresponding contact pad 54 on the substrate 12 when the connector 10 is placed thereon
(see Figure 9). The solder balls 60 are subjected to a reflow process that melts the solder
balls 60. The melting and subsequent re-hardening of the solder forms solder connections
64 between the tails 24 of the contacts 18a, 18b and the corresponding contact pads 52.

The wafers SO can be held in position in relation to the housing 14 as the connector 10 is

mounted on the substrate 12 using tabs (not shown) or other suitable means. The tabs can

10



56, as noted above. Hence, the wafers 50 can act as barriers that prevent
substantial anounts of solder associated with the contacts 18b from

r eachi nowy¥Wodé#isisi Ng to the housing 14. The housi ng Jpeminoefmisgsr emai ns
unconnected to the wafers 50, and to the corresponding sol der contacts 18b,
sol der connections 64, and contact pads 52. [0047] The above-noted

ar r angenenbe proken ager the comfestos haobeendnaunteds torpesmitstha Sisfers 50 tomeve @t er al |y,

i ndependent of the housing 14 (and the contacts 18a), in response to

t her mal | y- relgtitead thiehdwsaig B of the substrate 12. The above-noted cl earance
between the periphery of the penetrations 40 and the tails 24 of the

contacts | §ngbpci | i t ghesolder @&nn¥@ionSBY 8588BhteRSHIVIERR cbRfcA8h #iiSa | 8b and the
housi ng 14. The degree of relative novenent between the housing 14, and the

varers 50 Bt Bk ackBPol o BB AoNERhER A he oysinBalERNng e

waf ers 50 an he“correspondi epressrons

configuration of the connecto ermts the wafers 50 and the.. contacts
18b to m)véolir??PP%‘ilag pgﬁagt@agﬁéz.éﬁfrg’@e% Splget samqecions I@g aﬁ%ﬂﬁgﬁt‘?—dawtfh s the
substrate 12 deflects at one rate, and the housing 14 deflects at another
rate. Hencegntadid8asembé subvert td strepgs Inbsed Y diferences bsrgostgshasrl sol der
pads 62, solder connections 64, and tails 24 of the contacts 18b are not

subj ect t oexpansien € thel substeatel 1 Dyndlihehensing &4 bet ween the thernal | y-i nduced
defl ection of the substrate 12 and the housing 14. These differences, it is

bel i eved, {mﬁspaxi MalThakoldEr sHRRECtioRS 69 HisBEiated UWTRI the @bnfab@ 188Ny 14. Hence,
pl acing the watrers 50 at the outer corners is believed to provide the

] UM DEREL 51 oSSty phORAThe TS AN SO LT80 I, SURRRE Gk 1

i-s believe can ce or ressés on the so

connections 64 i nduce. ifferenc etween the thermal - ex jon of the
cubstr at o PaResr Ihedain A pbihe sonadn E8 By Hiins PoressndneslobrRatby 10
therefore can help to preserve the integrity, and prolong the life of the
connect i on¥afepedGuwith notsabstamiiad elearangebeiween: the tail ks andathe pepharp o6t siphe
foregoi ng description is provided for the purpose of explanation and is

56, as noted above. Hence, the wafers 50 can act as barriers that prevent substantial

amounts of solder associated with the contacts 18b from reaching and adhering to the
housing 14. The housing 14 therefore remains unconnected to the wafers 50, and to the
corresponding solder contacts 18b, solder connections 64, and contact pads 52.

[0047] The above-noted arraﬁgement permits the wafers 50 and the contacts 18b to
move laterally, independent of the housing 14 (and the contacts 18a), in response to
thermally-indﬁced deflection of the substrate 12. The above-nqted clearance between the
periphery of the penetrations 40 and the tails 24 of the contacts 18b facilitates relative
movement between the contacts 18b and the housing 14. The degree of relative movement
between the housing 14, and the wafers 50 and contacts 18b is limited by the clearance “c”
between the wafers 50 and the edges of the corresponding depressions 38.

[0048] The configuration of the connector 10 permits the wafers 50 and the
contacts 18b to move in relation to the adjacent portion of the housing 14 as the substrate

12 deflects at one rate, and the housing 14 deflects at another rate. Hence, the associated
11



not to be construed as limting the invention. While the invention has been
described with reference to preferred enbodi nents or preferred nethods, it

i s under swoadogired7st he words whi ch have been used her eipg f of
description and illustration, rather than words of |im tﬂ%%%&ﬁ‘?? her nor e,
al t hough the invention has been described herein with reference to

parti cul ar sgHElfalybE, soltRl BokifectiGiddh4e BIRPAI1EFBA bBthe cBRtabia 8B lakdfbtsibjB&ito
intended to be limted to the particulars disclosed herein, as the

i nvention | 5 L thl.n the
scope. of 't Piuseedaal3q By diftbieh teien M AGEMYARRLTRE AL, 3L WP T
benefit of ,th hi. t hi i ficati. f.fect

Todi 11 cat i ShEnd BRERUSPRY e AESREGS Be AR P mEEAL A EE EGUEE made
wi thout departing fromthe scope and spirit of the invention as defined by
t he appendé@meis&if %w housings#} Hepee.placing tg,e wafers PR at the @utersemiersepbelievad the
formed wthout the ribs 33 on the housing 14. Moreover, pin-type contacts

can be usegravidelthemagimuthdepefmialeffectl8a, 18b in alternative enbodi nents. 12
WO 2006/ 071375 PCT/ US2005/ 041158 [0052] More or less than four of the

waf ers 50 {Iﬂlzwre Useght BordigrR4titl df\Re codiBarel T it i§ belévdd! & hellf @ ediee ogan be
positioned at |ocations on the | ower surface 36 of the housing 14 other

than the oyl RORRLSs oflie YAIA SRR Rul QHTEEL B RIARER ARIRE mehhdl

square in alternative enbodi nments ernative e I nments ca

configured w thout .qockets, ch,as.the ckets , _for conmodat i t he
col der bal PaBon o Bespurte E851 R napne PR LR Snbiaeaih o Biiaiion 10

| i kewi se can be formed wi thout the pockets 52. The principles of the

i nventi on Hesdorezan belpdp preseyettiae integhity, and prolengthe difoekthe gagneciorsonnect or s
that incorporate insert nolded | ead assenblies (1 MAs). [0054] Figures
10- 13 depi betwaantHeaonaddi@r Ifedndvke sutistratei@nt in the formof an electrical
connector 100. Conponents of the connector 100 that are substantially

identical [goBof hose ghe Fdi8gsing a6ktpion pRéBdSERPHRDUMISR JfeRphdiih ahgier ence
nunerals in the text and

not to be construed as limiting the invention. While the invention has been described with
reference 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 tﬁe appended claims.
[0051] For example, alternative embodiments can be formed without the ribs 33 on

the housing 14. Moreover, pin-type contacts can be used in lieu of the contacts 18a, 18b in

alternative embodiments.

12



figures. [0055] The connector 100 conprises a housing 102. The housing 102
includes a bottomportion 104 having a |lower surface 106. The Iomer surface

106 has i of pockets 110 fornmed therein. The, are
Y P46 BTy C@P@g@?

| ocat ed proxi rrate the outer corners of the |lower surfa see Figures
10 and 11). The connector 100 does not include the wafers 50 or the

depr essi ongoss of tr!@[o?é)mg&ttﬁéréfo% offﬂ@@@ker?@@cﬁ%‘éhﬂﬂ ikQRefagfv@ first side

107a and an opposi ng secon (see Figure 10). The hou5|ng 102 al so

has a third.s 7c OSI

fourth si d&s Qf’g"?g 9’13(5‘5139%%@%% G neg’rﬁ“ |rs?tSl Slon%g%ﬂ] L w }-fﬁé/j:;g1 107b.
The first second si des 7a 107b each e stantlall in the "y"
directi on.tﬂegﬂ'és‘@&ﬂ thshhanp §lﬁ ler SOFEES. aﬁ‘?c g}%@%g' g’ﬁ f%‘i(‘ﬁeé’rﬂas S PHISE i aI |y
in the "x" direction. [0057] Twenty-five of the pockets 110, arranged in a

fi ve- by- f i than squaggyin altemafive embodimentsach corner of the | ower surface 106. The
opti mal nunber and arrangenent of the 13 WD 2006/ 071375 PCT/ US2005/ 041158

pockets 11j0053 app! i ARémativespissdiiasits cdh copfigufedovithonbpocket swhrasnigement  of
the pockets 110 is specified for exenplary purposes only. [0058] The

connector etk Rg! fa¢! Q@coﬂnﬂ&d&'ﬁﬂé 'tﬁeYSO‘fHer BE!TS P EIRGY SerkS ust R idsndescri bed

above in relation to t e connector . The contacts 18a, 18b can be nounted

par it f)'n?aé%?ulags Rt iR AT %fﬂﬁgﬁgv??ﬁ Fr e Bk 2 I i 4o

in Fig. t he poc ets 110 each receive the tail of a corresponding one
of the corﬂ‘%H’c@nti‘B'ba sorfan be appligdtogight angl pppmﬁqurggng,t%cq{g{ect@ gted in
Figure 13, for clarity). [0059] A plurality of the penetrations 40 and the
pocket s 42neqrpotats lﬁmrhmdldedlqaldeissebmlleaﬁﬂ\'ﬁaﬁi)l on 104 of the housing 102 to
accommodate the tails 24 of each contact 18b, as described above in

rel ation t[0054]Je conrigures 1003 débicednvalidruiterpativeémbodimentan thefonarofad W t hout

t he pockets 40. The tail 24 of each contact 18a can be attached to a sol der

bal | 60  glectrical connector 100. Components of the connector 100 that are substantially identical
to those of the connector 10 are denoted with identical reference numerals in the text and
figures.
[0055] The connector 100 comprises a housing 102. The housing 102 includes a
bottom portion 104 having a lower surface 106. The lower surface 106 has a plurality of
pockets 110 formed therein. The pockets 110 are located proximate the outer corners of
the lower surface 106 (see Figures 10 and 11). The connector 100 does not include the
wafers 50 or the depressions 38 of the connector 10.
[0056] The housing 102 has a first side 107a and an opposing second side 107b
(see Figure 10). The housing 102 also has a third side 107c and an opposing fourth side
107d. The third and fourth sides 107¢, 107d each adjoin the first and second sides 107a,
107b. The first and second sides 107a, 107b each extend substantially in the “y” direction.
The third and fourth sides 107c, 107d each extend substantially in the “x” direction.

[0057]) Twenty-five of the pockets 110, arranged in a five-by-five array, are formed

at each corner of the lower surface 106. The optimal number and arrangement of the
13



positioned, in part, within the associ ated pocket 40. [0060] A plurality of
penetrations 114 are formed in the bottom portion 106 (see Figure 13). Each

penet r at ivp 2dokfh7£%% ends bet ween the upper surface 116, pondi ng
one of the pockets 110. [0061] The tail 24 of each cont gg?nﬁé%ﬁ/ﬂﬁ lgszds

t hrough a correspondi ng penetration 114 and into the pocket 110, and is
attached t @ogkelpl Hkis appligatign depesidento fespecific nyapher angd %rﬁmemenbofﬁb% Reskets1 0.

The penetrations 114 preferably are sized so that a clearance exists

bet ween t hd 18iisikpecidifed tfbreexempéeary puiposesbblly.and t he associated tail 24 (see
Figure 13). [00621 The solder balls 60 can be subject to a reflow process to

f or m sol denoosgpnnect iMhesofidedasit1P0ahclides a@hirtaRGoT thkontdvts T8Y; 1 8% podwdtritsed
contact pads 52 on the substrate 12, as described above in relation to the

connect or %Qovel g%ﬁ&oﬁﬂb%%s}ﬁfeu%r 380THE €o .blﬁiaefl B?@f}x bé HIOH el in %it?esf?/r st

surface 112a an opposi ng, substantla par al secon surface 112b

e o BB i A8 AR S R T

parallel fourth surface 112d. The third and fourth surfaces 112¢, 112d each
adj oi n t he T¢lptian tofhecarmentor 105 As shews imHigal 3, the posketsld0 paghsieceive ths el 24
third, and fourth surfaces 112a, 112b, 112c, 112d each extend inward, into
the bott omofiecoirespoidiag ohe ofithelventactsd Bb.sThé Hbe31 a6l p4riii6uk] 3 STare nbhdap'd:tahd
fourth surfaces 1 12c, | 12d are oriented in a substantially vertical
(z-axis) dif BigutelB, (fJ,rr(thtype perspective of Figure 13). The first and second
surfaces 112a, 112b preferably are angled in reI ation to the vertical

AN .2 cﬂdﬁg ?letb foﬁgﬁﬁx‘ﬁi%ﬁ%ﬁ’l %l"t*"‘%ﬁ‘%‘a?e g8 8%%%%?%"4 fobii intdhe®, 2
Fi 1 I
Appr oxi spﬁemiﬁ?tylﬁweoefaﬁegﬁ%%glag 11%?% heoriRots R adileae 1% FeerBiat 489 % ve

for the angle alpha is application dependent; a specific value is specified
herei n f or desceibpd abayve ipglpiingeie thg¢gnnector 10. Alternative embodiments can be formed

without the pockets 40. The tail 24 of each contact 18a can be attached to a solder ball 60
positioned, in part, within the associated pocket 40.

[0060] A plurality of penetrations 114 are formed in the bottom portion 106 (see
Figure 13). Each penetration 114 extends between the upper surface 116, and a
corresponding one of the pockets 110.

[0061] The tail 24 of each contact 18b extends through a corresponding penetration
114 and into the pocket 110, and is attached to a solder ball 60 positioned, in part, within
the pocket 110. The penetrations 114 preferably are sized so that a clearance exists
between the sides of the penetration 114 and the associated tail 24 (see Figure 13).

[0062] The solder balls 60 can be subject to a reflow process to form solder
connections 64 between the contacts 18b and corresponding contact pads 52 on the
substrate 12, as described above in relation to the connector 10.

[0063] The pockets 110 are each defined, in part, by a first surface 112a and an

opposing, substantially parallel second surface 112b (see Figure 12). Each pocket 110 is
14



[ 0065] The first and second surfaces 112a, 112b are el ongated, i.e., the
first and second surfaces 112a, 112b are longer than the third and fourth
surfaces siof3rd (see Figures 11 and 12). [0066] Eashr/peetisiss0 has a
| ongi tudi nal axi's 114 extending in a direction substantially parallel to
the first and second surfaces 1 12a, 112b (see Figure 12). The | ongitudi nal
axi s 114 i funrireyldefinedby 2tidid supfato1 12eeandah oppakirigy Subktarsiatly pas]lelfourdienot ed i n
the figures. The angle between the axis 114 and the "x" direction is

denot ed by shiffce’ 1GR8! e hird¥ddPlLrth BurfRRes 813c) 1 P2 Dedch aa in tHaeirkthinddecynd fourth

si des 107c 107d each extend substantially in the " direction, as noted
above. I b apr é Bﬁ a t ween
t he axi s 1 faé g%%%gh - gﬁ Ssgﬁr Ht@?&agé&{ Sui%?%?oﬁﬁgag%b ngfcf e%nces

bet ween t he ther I duced defl ecti.on 8 the bstrat % and the

housi ng 1052¢h &t itg thrcbqiion pgrion { PW@rWaéF @ners of the

housing 102, as di scussed above. The thermal |édl nduced deflection is
beli eved t d00#lise t hdhedhisd and osrinentienss 1 62ci 3 Y84 meprigsted0s AGubsiB®ialy t he

housi ng 102 to expand outward, in a substantially diagonal direction, in
rel ation t wertichl(zeaxiy) @irectior (fioni theperspevtivao€ Figute 1) eltai firstcdindaacantl expansi on
of the coners of the housing 102 is denoted by the arrows 120 in Figures

10-12. [00§§JfacEB<t1@etI1m atef&ab t@lléd ih$élafoitosBE QBWicEIWifR66S TH glel 12D
preferably is seleéted so th a ongi tudi nal axis 114 extends in a

di rection h t he
orientati O%HR@%{{‘ 1I%l ongffé%gh na?ql(;‘%aa‘k|es'st,Y|12.ti1 “tzla glt’tﬂzfn a%@“gé)tgbr@%ggﬁmgvﬂ)ﬂ t he
direction in ich the corner X n 02 ex n.response to

t her mal | y- .%rggféawaéwnéet "grﬁaﬁ‘t’allﬂ i’.‘f Be%éblaﬁhe Efrfﬁe §1ab§tsragp x{pately

[ 0069] For exanple, it is believed that the coners of the | ower surface 106
expand i n fertyliorapptaxsmatety foety-fiverdegress Itshoulsibe npted kg thecoptamad vplue for the

thirty-three degrees to approximately forty-ei ght degrees. Hence, the

ori ent at i oanglt alphe i§ appicativrtdependsnt, aspedific @slue Islshacifibd Abreis S @kexhpldryM t h
this conmer preferably is selected so that the angle beta is

purposes only.

[0065] The first and second surfaces 112a, 112b are elongated, i.e., the first and
second surfaces 112a, 112b are longer than the third and fourth surfaces 112¢, 112d (see
Figures 11 and 12).

[6066] Each pocket 110 has a longitudinal axis 114 extending in a direction
substantially parallel to the first and second surfaces 112a, 112b (see Figure 12). The
longitudinal axis 114 is angled in relation to the “x” and “y” directions, as denoted in the
figures. The angle between the axis 114 and the “x” direction is denoted by the reference
symbol “B” beta in Figure 12. The third and fourth sides 107¢c, 107d each extend
substantially in the “x” direction, as noted above. Hence, the angle beta also represents the
approximate angle between the axis 114 and the third and fourth sides 107¢, 107d.

[0067] Differences between the thermally-induced deflection of the substrate 12
and the housing 102 are believed to be maximal at or near the outer corners of the housing

102, as discussed above. The thermally-induced deflection is believed to cause the comners
15



approximately thirty-three degrees to approximately forty-eight degrees. The
optimal value for angle beta is application dependent. A specific value is
present eqvd MosA¥BIP! ary purposes only. [0070] Orienti ngcf,@gzdg%hegss 110 in
a direction substantially coincident vvlth the direction of thernmal

expansi on of bott.om portion 104, is believed, can help.to reduce or
subst ant i alafh egrqumn.satpa 18 ereardau e ina substarially diagont] resoe it Sy By

di fferences between the thermally-induced deflection of the substrate 12
and the houb¢ erpter@f tha lowepsurface i0ar The diccction nfaxpapsionred ths Gosmaraef ba of the
pockets 110 is believed to permt the outer <corners of the housing 102 to
nove in relhdusiag 102istdedord bychatesvs R0 indRigure8b0-aRd sol der connections 64.
Thi s movenment can reduce or elimnate stresses in the solder connections 64

caused by t WW' Cycﬂﬂe%eﬁfatﬁ)ﬂ%f SRR secknd s@ﬁgcetsh‘?ﬁ UR9b pdferadig-is 16 What

is clainedis: 'I. An electrical connector capable of being mbunted on a
substrate, S t two
depr essi ons ]%g@ﬁé%tnagg}eé%glh tlaxn )#\/a{stg%%tlfj\%eﬂ% gt(i&r&nalbgf%t Qgh& %Jlﬁegt? ng for
receiving respective ones_of the fers bei ng ble in

rel ation toviihibergoys r\aOV\HEﬂthF‘h\éw £tB¢ B“ea‘tt%t‘ H“ﬁhﬁalt‘t’fés ressions; a
first plurality of contacts extending through the housing; a first pl urallty
of fusi bl e ssbstangially coipgidiee withrthe disgsion ivewhishdke egmeryof therlmusmgllﬁilaxpangi of
contacts for securing the first plurality of contacts to the housing and the
substrate dfrdspadsceatienablly-iaiuted séfieplion of thé Yiowsing D0 anl the isebstriateeld. i n
relation to the housing when the electrical connector is nounted on the

substrate; c!@m 12 secqid pinipia! ltt%eﬂtv&qmﬁﬁé éorﬁa%f%ewéf S 4081105/ 8pahle

housi ng an associ ate one of the wafers; a second plurality of fusible
el enents mpunt,ed ,on r e“ends f the.se Lur I|t f contacts for
Seouring t ALASHEaR SREPERR € o H5s R B aleR SR PP bl

approximately forty-eight degrees. Hence, the orientation of the first and second surfaces

112a, 112b associated with this corner preferably is selected so that the angle beta is
approximately thirty-three degrees to approximately forty-eight degrees. The optimal
value for angle beta is application dependent. A specific value is presented for exemplary
purposes only.

[0070] Orienting the pockets 110 in a direction substantially coincident with the
direction of thermal expansion of the bottom portion 104, it is believed, can help to reduce
or substantially eliminate stresses on the solder connections 64 caused by differences
between the thermally-induced deflection of the substrate 12 and the housing 102. In
particular, the elongation and orientation of the pockets 110 is believed to permit the outer
corners of the housing 102 to move in relation to the associated contacts 18b and solder
connections 64. This movement can reduce or eliminate stresses in the solder connections

64 caused by thermal cycling of the connector 100 and the substrate 12.
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substrate so that a tail of each of the second plurality of contacts is
fixed in relation to the associated wafer when the electrical connector is
nount ed on the substrate, wherein the second plurality of fusible elenents
can nove mﬁbﬂl{F%ng%.to the housing, a clearance exists between each of
the wafers angd a“p&ri’phery of the associated depression; the second
plurality of fusible elenments are nounted on an end of the second plurality

of contacts,so that. one side of each gf.the ers faces the.second

ol ur el by o r ueI-EMEN Shitite ST Rt ittt §F SubBFEE S o v er s
faces the housi ngleatsvotvuder§;i rst plurality of contacts extends through the
housi ng only. 2. The.connect t.he first fgl urality of

r of claiml er ei
st bl'e ol ement s SAGFITE VgL P PRIFEgPs S Postl Pereihil e SosHifen o
bal | -gri d atdrasts oB theThaising rfoe tkceiving frespéctivénoes s¥hthe evafiers ahid) waferd bengvaf ers i s
substanti al | uare..4. The connectqgr of claim.]1, erein each of the
wnror o sl L irePRGiicd t 1 Fofataatiit et auf pehisied BEnCAPELI 1 whor ei n
the second pl ur ah ffitsy plafaligoTicatthcts exteadii® thadligk theoudigd; at i on to the housing and
the first plurality of cont S.. 6. The connegctor of clam1, erein a depth
of the depressiof rf’tsplﬁrﬂﬁtiyo%ch’é@’@ Vem@&%éﬂou‘?&fﬁntrﬁslpﬁﬂ’fés?d%f’fmfeﬁWaf ers. 17
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formed therein for receivin espective ones of the first plyrality of
fusibl e el ePHASFAS sulateagh of fhe f{rﬁsaﬁz«'@%o SPBFRintxed 1P &dgiontte the hohein®,1 ¢ he
penet r at i onshasthesleatief coMnbdlotiRohrtédSdn thd shbsthatet ¥ind0f contacts. 8. The
connector of claim1, wherein the fusible elenent is a solder ball. 9. The

connector of cl apricdonduprEiynok Rentactsegach rxtendiae Appey ithrabeisipgeddat? t o a
maxi mum ant pgbRatEshede frb ange between thernal |l y-induced deflection of the
housi ng and the substrate proximte the second plurality of contacts. 10.
The connector of 2é&scandrphuralifyefifusible elementy pautechpn fegpestiveoure of the secgndya) | - gri d

array plurality of contacts for securing the second plurality of contacts to the wafers and the
substrate so that a tail of each of the second plurality of contacts is fixed in relation to the
associated wafer when the electrical connector is mounted on the substrate,
wherein the second plurality of fusible elements can move with respect to the
housing, a clearance exists between each of the wafers and a periphery of the associated
depression; the second plurality of fusible elements are mounted on an end of the second
plurality of contacts so that one side of each of the wafers faces the second plurality of
fusible elements and an opposite side of each of the wafers faces the housing, and the first

plurality of contacts extends through the housing only.

2. The connector of claim 1, wherein the first plurality of fusible elements and the

second plurality of fusible elements form a ball-grid array.

3. The connector of claim 1, wherein each of the wafers is substantially square.

4. The connector of claim 1, wherein each of the wafers slidably engages the
housing.

5. The connector of claim 1, wherein the second plurality of contacts are movable in

relation to the housing and the first plurality of contacts.

6. The connector of clam 1, wherein a depth of the depressions is approximately

equal to a thickness of the wafers.
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connector. 11. The connector of claiml1l, wherein each of the wafers has a
plurality of slots fornmed therein and the second plurality of contacts each
extend through a respective one of the slots. 12. The connector of claim
11, wherein the second plurality of contacts fit within the respective
slots with no substantial clearance between the second plurality of contacts
and a peri pher yThé cdnhectored phaii il ehesdinthe hodsing hbke phoalite of pockeas foehmed m 11,
wherein each of the wafers has a pl prald of. ets . formed t ein for
Foce ving-r el br GeTnE et S b bR PuPlinP B G potifene 436 o ' *ane
each of thepg@aetkedjsinmgjaoespsctize bresqfelsd peudrationss asdociated watholiesfirstipluralihef connect or
of claim1, Wne{ei n the housing has a plurality of penetrations forned
therein and*¥E%f i r st plurality of contacts and the second plurality of
contacts each extend through a respective one of the penetrations. 15. The

connect or og claim 14 ?f\lfme in | ear ance. exj sts .betwee lihe first and
second plur &l i tylrg%‘ copf oéé’%‘glalghgw erﬁé‘rtﬁlepﬁélpge frepiya F‘ﬁ@eﬁg’ﬁ ‘ive ones of the
penetrations. 18

9. The connector of claim 1, wherein the clearance is approximately equal to a

maximum anticipated difference between thermally-induced deflection of the housing and

the substrate proximate the second plurality of contacts.

10. The connector of claim 1, wherein the connector is a socket for a ball-grid array
connector.
11. The connector of claim 1, wherein each of the wafers has a plurality of slots

formed therein and the second plurality of contacts each extend through a respective one

of the slots.

12. The connector of claim 11, wherein the second plurality of contacts fit within the
respective slots with no substantial clearance between the second plurality of contacts and

a periphery of the respective slots.

13. The connector of claim 11, wherein each of the wafers has a plurality of pockets
formed therein for receiving respective ones of the second plurality of fusible elements,

and each of the pockets adjoins a respective one of the slots.
14. The connector of claim 1, wherein the housing has a plurality of penetrations
formed therein and the first plurality of contacts and the second plurality of contacts each

extend through a respective one of the penetrations.

15. The connector of claim 14, wherein a clearance exists between the first and

second plurality of contacts and a periphery of the respective ones of the penetrations.
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