ELECTRI CAL CONNECTOR W TH PROVI SI ONS TO REDUCE
THERMALLY!I NDUCED STRESSES Fi el d of the Invention

wQ 0@02T13The present invention relates to el ectr@TEb2005/041158
connectors of the type that are nounted on a substrate
using nultiple solder connections. Background of the
I nvention [0002] Electrical connectors, such as
ball-grid array (BGA) connectors, are conmonly nounted
on a substrate using nultiple solder connections. The
sol der connections act as electrical and nechanica
connections between the substrate and the connector.
[ 0003] The connector and substrate typically operate
3 L EOTRIGA LU ICGONABEG/BORWIEH! PROMIPBONS (F@ REDUGESTHRRMALLY-
cause the connector and substrate to deflect, i.e., to
expand or contract. (Thgvgoew sPRESsHsection of a
conmponent as a function of tenperature change often is
expressed as the coefficient of thermal expansion
(CTE) for the conponent.) The anmount of deflection
experienced by the connector and substrate in response
to a given tenperature change usually differs. In
ot her words, the CTEs of the connector and the
Kipksk ofdhe Inyeatigual |y different. [0004] Differences
bet ween the anount of thermally-induced defl ection of
t[R@0donnectTre raemint ineeriohgeiats ¢o clasiricaldwoacaiers of egypmthat are
t he sol der connections between the two conponents.
ThesteBéi £588&atesipgat@itpleseldentdrinegiansheat i ng and
cooling cycles (referred toas "thermal cycling") can
Vﬁﬂkgpoﬁﬁoﬁ%‘iﬂe Glopnections. \Weakeni ng of a sol der
connéction can affect the integrity of the signa
t m ssi t.hrough the l,der,. ¢o ' '
B Cad s e PP SR S ERE R ABG A ogBgors, are

connection frgmthe : . :
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



connector or the substrate. [0005] Positive

tenperature changes typically cause connectors to
wexpandisout ward fromthe center thereof. HencePCT/182005/041158

great est anmount of deflection in a square or

reg | ar,.co nector r
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near the outer corners of the connector. The solder
conmetion,ond inssunacases vintrsW haseparaiian ¢fdhe salfercenpgcgon from the
are subject to relatively high thermally-induced

shiggsRSr tiBwubBrate.of the | nvention [ 0006] Therma

expansi on and other stresses can create a strain on

Jo6dsgce MOURkitReAMIRSIrhtaRSohafifes@)ieAly Qlsd EmnpétesaBexpand outward
invention is to make surface nmount contact tails
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contacts erent an secon
°§cr”t$ e rwﬁé\e‘% 8 e o gt g qsr“%%ﬁ#? P gpelioed hat e
novenent of the second contact end with respect to
emersesh giffesensay Retween the reSPeS Rsrdepeiions phthe cgpnesiorand; ﬂﬁegunde“mg
second contact end housi ng pockets differently than
fsubstatcomtnattand meapibe Retes coragrsofide cophesier. Thetspldepeemngctions
a solder mass with respect to the surface nount
Gescatdd wah kigsy lozatidhsadréforadre walhject. to fAMDE]y gk thermally-induced
enbodi nent of the present invention generally includes
ap.gkectrical connector capable of being nounted on a
substrate, the electrical connector including a

usin t defln a nounting surface, a first
go ?S'P,E@‘ﬁtl venn he housi nggand defi ning a
res ectlve aflrst fusi bl e el emrent
TBOEE: | ve Berespiin w0 b SHERE 18,orE8e g SPyuttace moun
first contact to the housing and the substrate, a
FeveaTtionnnacbiech af B PesseRl IRHINGAR i OHBAFRUERFRHMOUHFORtact tails
second fusible el ement nounted on a respective end of
compliant at strain points. The invention includes orienting first contacts differently than

second contacts, elongating contact end housing pockets defined by a conneétor 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



the second contact for securing the second contact to

the substrate, wherein the respective end of the
w@ewendi3ecdnt act can nove with respect to the hpCBEUSZPNS/041158

An optional waf er nmay be positioned adjacent to the

g ds it {)S’g} fha?lglfm ngl aﬁgja%%c%rﬂﬁ fﬁﬁbl% Qﬁen'?e%? g%gnféa rE)'ilaac‘r'éspective end of

g sur ousI
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can nove with respect to the wafer. The wafer can nove
vindipf ithessseend eantach garHpgEs Wih respectyia fherhawaipe d ém apsiogal wafer may
pocket that receives the second fusible elenment. The
deost®nedadyagenb® the catueting swikdcrand adjacens petbt sendgbrtact. The
corner of the housing. The second contact is novable

| owirfindtshificd 6f théBodsidgsthaf ¢HRGE depfestiopt MTheivatdienay be positioned in
depression is approxi mately equal to a thickness of

tH@ d%ﬁra§fon. gﬁx\% t@%fe@t'ivé chdr Pl BB Yottt mgb@w‘f‘l.’ﬁfr@sﬁaect to the

I Xe respect to the housing until
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0] e . aepressi o and the clearance . Is a tely.
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thermal | y-induced deflection of the housing and th

sefrettiet euter oxiaref Sethvasingc o sebandzlontagt léfrn@@ht@antr@latlon to the
[0009] The first contact and the second contact nmay be
ofiisedvinedt. dA fdeptherftthe/depiréssion és geedxitmatednequabtesa thickndss of the wafer.
cl earance between the respective end of the second

catgrtr AR tRBINQUSIN ThERATREN L) RAfRdd WilidFesBect to the housing until
cl earance betmeen the first contact and the housing.

tﬁgcg,g}%gtggz %ﬁdﬁ% Oqﬁestulggtraqgcond contact can nove with

ousi n ter the second fusible

nted to the .
L TR rbf%iaﬁafefﬁgd@&m%%rxrof Hig fepression,
be a socket for a baII-grld array connectar hi an
tapddhosleaanisas pnroxiptely pqual t%%ﬁ@é@f‘“‘ﬁﬂ?tl%ﬁa@%éﬁf%@cﬁ etween
a first location on the substrate, the
thermally-induced deflection of the housing and the substrate proximate the second

plurality of contacts.

[0009] The first contact and the second contact 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



second contact may be secured to a second | ocation on
the substrate, and the wafer and thesecond contact can
wowe/071373 el ati on to the housing in response tBCT/US2005/041158
relative novenment between the housing and the second
| ocat, on on t he subs 1
glonél ecopglg ?aéldn% eoler%Tﬁ? A %’ nt{l% 8& sln g?ﬁs oft e?tg r%l%mf@ﬁltovement
hou5|n The, housi ng nay, define an el ongated pocket,
ﬂh? h@lsg&"éﬁdﬂ %Fﬁ?’é%{ocﬁ%o%%ﬁlﬁ?éﬂb%ﬁ% % he housi ng
so that the respective end of the second contact is
{6811li oned The seerndetonragameri bplaskied proximaiegintawirregimer of the
axis of the elongated pocket is substantially
dousiag deiie housing magide@aé boplonfatadbpedker) whefeit e secarsi cogtact is
inrelation to the substrate resulting from

LRGN by the MEUGRE seIBhi @6 tréspBetRle cnb®f RRWSEAE cohbRt is positioned in
el ongat ed pocket may be orlented radlally froma
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may be P05|t|oned over the el ongated pocket. The wa

déi’ruil% T thyrmallydndysed deflectian ﬁg@ﬁh\?éS‘%dTb‘F elpﬁéated Pocket may be
second contact extends into the office. [0013] An

axicatetl agBaldyf frome: qontss eoint phthe mpitong, ivérerdinthe Hemgatdd pocket is
expansi on and ot her stresses on the sol der connections

oaented abedtuhiety-thice @ f@tit-ipht ddgeces.e @rebfelntvalzk sr the housing can
pockets and ot herw se allowi ng the second contact ends

a@so‘Hé‘ﬁﬁe%éﬂété’@ﬁlﬂ’%éled’\él&é\vilﬁe housing. If the contact
pockets are el ongated, waf er may be used so that

nmass
S o LS S B TRHTY btgl grovarraornes
wel | as foll ow detail e |on
S ait ardhedenerbenai e sepand el Strads BE05R
read in conjunction with the appended di agrammati c
dPeldlngs. advgntage phids @resent mvezmofla& ibakthepeal expansion and other

i nvention, the drawi ngs show
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:



an enbodi nent that is presently preferred. The
invention is not limted, however, to the specific

wo ebpousent al iti es disclosed in the drawi ngs. PCI/USI®05/041158
drawi ngs: [0008] Fig. 1 is a bottomview of a preferred
enbodi nent of an electrical connector; [0009 ig.
i [9088]magni fRigdl isiacwetiom YiRw of e@sclamed grbedipmentot anrﬁlcrrrngcal
1; [0010] Fig. 3 is a nagnified view of the area
deshgmated "A" in Fig. 1, with solder balls of the
connector renoved; [0011] Fig. 4 is a magnified view

qbotdie arearig eﬁisgiﬂﬁﬁg:}ﬂﬁé'dA\'/Hewrbfﬁhd}irealdes\/gntaf&ada‘AV\foQﬂig af
the connector renoved; [0012] Fig. 5Ais a top view of

r_[h@l(ﬂl ectr 'Fig' 3 AL ﬁ@\g"éﬁ} tﬂenaro% @éhgen%feﬁ e pP QQ ]Eg’% 1, with solder

1g. 5B is a“top per pectlve Vi ew el ectrica

conne r taken through the |ine

" B- B" Cb&ﬂsﬁfg‘e"%%ec %6‘%&?" g 6 |s a magni fi ed VI ew of
the area designated "F! jn Fr %0015 E‘r Q.

0B ni fi ed1gi%i 2dnagmfiediyigy élsqagrﬁa cSipna m.Fgg 16Wltha
[0016] Fig. 7B is a view of the area "D' shown in Fig.

7A, f roaferofgbe spugetoveenafived] aced ni nety degrees from

t he perspective of Figure 7A; [0017] Fig. 8 is a

d0OEY- sect iKgaA & atep wiewno Dthe alcomicel comhedttieshoomna &gt 1-4;
shown in Figs. 1-7B; [0018] Fig. 9 is a magnified view
qboid)e arearigdess gnabg derspective vidwdof the clEPRicat dddedtieshown in Figs.
connector nounted on a substrate. [0019] Fig. 10 is a

otfo & nbodi nent of the
PSR EuZh AL RO S0 g [0020] Fi g 11
1[§01a4]magnl fPlige.d6 1\élaemV\ég(r)uﬁe(P (elev%%?ﬁleda?ea eg?gn(ae%d “F”in Elg. %g,
[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.



[0021] Fig. 12 is a magnified view of the area

designated "G' in Fig. 11; and [0022] Fig. 13 is a
weemse7isexti onal view taken through the |ine "PEHUSDNS/N041158

Figure 12. Detail ed Description of Preferred

Enbodi nents [0023] Figures 1-9 depict a preferred

dddtaidécdBeascriptionrofdireferredcimbedimends or 10. The figures

are each referenced to a conmon coordi nate system 11

demt ed t [Egp@Eenl-9Iidepice aprfatal eribbdiment faaletdctrical cannector 10.

BGA connector. This particular type of connector is

diRat QP& rE S4ch@¥RRLE! ¥ PEYnRASESosBInkte sHStefEl depicted therein. The
principles of the present invention can be applied to

%H&éct&vl%gé agé%&gf&g%%@)&%oﬂ&?&“hh L erﬂeg%%e%f bAn&A is

Strate
S e 12 c for exa ed Cir
altTered %57 Prab B RipeseR 9nfbu & GemhinRiples sb tprenf BySujon can be
The connector 10 conprises a housing 14 The housi ng
poplied fogithgs dyres OhFANNSEIOFabl e el ectrical | y-insul ative
materi al such as plastic. [0026] The connector 10 al so
d003t]i ses alplconedctaryl Ogfan bemantesl ohSasubsiBise id (seedtigwa 9). The
t he housing 14. The contacts 18a are substantially
isdBdtatC Bl cdnbel e ek @pRCA pridi8d cireliif beur& i priveédewiB®6ard, a backplane,
synbol s are used to denote differences between the
rgspective positions of the contacts 18a, 18b within
the housing 14, as discussed belom1 [0027] The

cts 1 fact
R S R R T
t he contﬁg ?rtlo .20. Eacr nta&%.18 al so i ncl udes
& uitpRle slecirigpily nsulatNe matenal $uch4s PRSHC adj oi ns a second
end of the body 22 (see Figure 6). ﬁPOZS] The hou3|na)
18026 npr i sedegoparctas hOpdsotdopmprises hphiraiidy ahcansiséy 18a, 18b mounted
surface 32 and a | ower surface 36. The housing 14 al so
ioncheibesigg 1Bl. uFlel dohiacafl 8a ialessuBStantiadly ipersjcelcto the omtidiel 8b;
upper surface 32, and a plurality of partitions 35
RIPEérbhtQBRERE EYWRBHs aft \IR6& Y 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.



ones of the ribs 33 (see Figures 6, 7A, and 7B)
Qpposing pairs of the ribs 33 and the associ at ed
w@2006i0ti30hs 35 define cavities 37 within the hpCBEUSZH05/041158
14.[0029] Directional ternms such as top, bottom
upper.,, lower, etc., are used in reference to the :
IRt " Gprestionith s SER R oeabdforr ars [aten e used in
terns are used for exenplary purposes only, and are
rreferénge émthedomponsniorientagonsdspistegrin figuirg fi@aedgrms are used for
clainms. [0030] The partitions 35 have slots 39 forned
tdxempiany peipesdsiogly, end A% .noEmténdst ¢d 1idd thx saopdof the appended claims.
substantially in the vertical ("z") direction, and is

debigled by Tmphevslssd havs §10689 Mredihetehe(sp@Figutd TA). Each slot
35 (see Figure 7B). Each slot 39 receives an outer

F%%{?Jd&%ﬁ%t%@iQMy %?th@fveﬁﬁ%la(s‘? 9GliRLESsh, G Is%%‘ﬁné@@y twdBeveled

i.
1
our depressions 38 aré fornmed in the | ower

surface .3 f t h ing. 14 Fi.aur, :

B aRepton o8 ReR il IR Eh Y dafees i quier pde o the
the | ower surface 36. The cgntacts 18b are associ ated

dndy 2iof n gesecisdigoptast b (¥R bot t om porti on 30 havi ng

t he depressions 38 forned therein, as discussed bel ow |
[1003U] The ot dopregsinmsi3grargproed ithhic howe sufagqu3 hakthg housing 14
plurality of penetrations 40 fornmed therein (see

Ris@LFigere4 arfdl, 6)7 BaclaredeséBR.is kmated penemattanamtet@orner of the lower
receives a portion of a corresponding one of the tails

2425088 PRIGHRYS T8b #0a8btidicAdnBEWRRt riiR&T the bottom portion
surface 32 of the bottom portion 30, and adjoins a

zgfﬁa%ﬁ%sotﬁg 'dg;g'g%{b?ﬁ%% f&l‘l]l’?eidgﬂ&jeﬁ{ &S diddussed e 1Agnet rat i ons

aressize at a clearanée can exi st between the
periphery Oﬁhth enet.ratio 0 .ang he rtions of .
RRMLETY Sl GRaPRERES ORS00 e PO 5P Baions o
penetrations 40 can be sized so that a cl earance of i
doprekihssin(sge bignrent, 6x7A+dyEDwEash PEISIBEY fikEscgives a portion of a
thereof and the tails 24. It should be noted that the
optiespindirg are df dre tahie24 | Banhgeoetrition 40 originates on the upper surface 32
appl i cati on-dependent, and a particular value is
sqreRd botean pertior ReNldaddyoi sl Pars@pomdihy 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



[0033] The cavities 37 receive the contacts 18a, 18b.
In particular, the body 22 of each contact 18a, 18b is
w@owbh7iened substantially within a correspondi POI/OS05/041158
the cavities 37 so that the adjoining tail 24 extends
t hrough the associ ated penetration 40, and_the contact
pepaciaed woh eachesiyity dp wesel erappasing eutshedacy obthebody 22. The beveled
Fi gures 5A-8). The slots 39associated with each cavity
Inrfpessedltbataiefios Eand) stait3@rcortigenm mitertddge bbdg bady 23 }rad help to
bevel ed surfaces 4 1 that define each slot 39 contact
abstauilt gl aed@eatef confeet D&Y SR Riithawthe Mehiging 04.r estrain the
associ ated contact 18a, 18b within the housing 14.

[[8634] The PRNRLERIHoA920480828AGH A 8 Whiabist1BE each adjoin a

contacts 18b each adjoin a correspondi ng one of the

ssi,ons e i e . Ity . .
CEPe B o B AT B S R PR W B gL B8 it 24 of
correspondi n netration 40 and into a correspgndin
sa6n oF Be ot TER S GRS B UeoBasppoRdiIeneaprprcRD and o
pockets 42 are formed in the bottom portion 30 (see
Fiogrgsneadmgane of Hie dspedssiors 32 are associated only with
the contacts 18a. Hence, the pockets 42 are not forned
i[0033)e por tA phsalaf of heckstt42cme fonted om thdMo#tssmirades (see Figures
Wi th the depressions 38. Each pocket 42 extends inward

firpynTHegocRNE B2 St dsasetat&Borll withethd 0bit@its PO, tHeMe3Me pockets 42 are
and adjoins a correspondi ng penetration 40. A portion

Qfot Edtheli {heéa%n%‘ns it 66%&18&{5%%1@?0 eb&RAS iRk UBGressions 38.

correspondi ng penetration Into a correspondi ng

e, of .th ockets 42 %% 6% The connect.gr .10 al so..
H5Rn Praked 7 BT e fom RSy SR 25 25 M pligfipftion 30, and
Each wafer 50 js positioned within a correspondi ng one
G eraprsRAgingRengatigiet). 1 @ortiomd il 26 of saghypmiast18a
on the substrate 12. The wafers 50, as discussed
lsateods frbpicthe corgspondhgpénetrany éorend inhes eeregspoirbng one of the pockets
contacts 18b and the housing 14. The wafers 50 are
fAarmed froma suitable electrically-insulative
material, and preferably are formed froma
[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



liquid crystal polymer. Optimally, the material from

whi ch the wafers 50 are fornmed should have a CTE
wappsoxisnat el y equal to that of the material fronUstwsM1158

the housing 14 is fornmed, and the CTEs of both

| als a ma nst
il lsa’rosmé%?fgal“tbsﬁ%jgmsﬁe%&%?sa?? e Pl <€‘§f§>r ok bfidity of
connect 19 [0037] Each wafer 50 has_an_uppe
SRRKESe 5‘6%1 ormad Haeqca\fo&fersiﬂ(ﬁ%ﬁc%gws 3, ;I'"f&e7%p7'|é‘ér8) The pockets 52
surface 50a preferably abuts the | ower surface 36 of
t préerbnward(intg theafet hQ) fierh ¢hblowies syrese SDonEwenty-fiveeof the pockets
associ ated recess 38 (see Figures 7A and 7B). A
pbraahinged i0fa fpeckefise fZayaue Handrid dath e0kb widdre 50 5The optimal
(see Figures 3, 7A, 7B, and 8). The pockets 52 extend

| Mg ahd BErSndehfnvef @E Eé@etsf 90 abPiEcat 19fi\’ﬁ5peiﬁéﬁtagﬁxespéggic number
Twenty-five of the pockets 52, arranged Iin a

SRR T R85 52 iR S%@%E{“p"a{y %@0%%26& :
52 1 I d
048y onent <alet i FBERLFLh N SDUeTHiEMSR . 75, and ). Each sto

exenpl ary purposes only. [0038] A slot 56 is formed in

oK teiss apwarg foge thempger wifages a7 gnd adiging p comggnendingtone of the
56 extends inward fromthe upper surface 50a, and
anjcketn§2 a Tbotalle 2 e thengpnowts 18b eatteeyiankiaraigh2. coffegponding one of
tails 24 of the contacts 18b each extend through a

athé slespon didel sns6 @f‘ef&ﬂﬁ@l%’ﬁé Sik&d Sfthatt€ Borsdspbndifig | ta11 24 fits within
preferably is sized so that the corresponding tail

fthé Slovbd RiieA nfor&ﬁbsct!irﬁfal él@al‘%éerbe@@e uRs a4 alg etﬁ!e ?éﬁﬁ%@gof the slot

between the tail 24 and the per| ery o
[£039] The thickness of each wafer 50 is apprOX|nater
equal to the depth of the depressions 38. The

thickness e wafers nd the depth of th

dﬂﬁ%ssi onglt fseéﬁ'zsl*%esa 8h &S dvagsf %8 aP@QiS]é‘&t?lx}’é%@ft% therflepth of the
nmbols "t" and "d" in Figures 6 and 8. The depth of
preseepy s sTharthzBnéss oA fisrealenrdeang tige &pinef thihdepressions 38 are

opti mal value for the depth of the depressions 38 is
dispdted by itlerrestepndmefidrence symbblscil ard “déllin@idusessp@ei §.1 Elgk depth of

herein for

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



exenpl ary purposes only. [0040] The wafers 50 are

sized so that a clearance can exi st between the
w@ensphesry of each wafer 50 and the peri phery pET/UR®05/041158

associ at ed depression 38 The cl earance is denoted by

\ggﬁrl?f s'fl‘dS %é/r'ﬂ%g hdja ent h@mgh %Pfheeslo%eﬁ s%’rfaﬁ@ g6 8f hle housing 14,

Pév's necessari
co, nect ed t he housi n 4. The vva rs 50 are capabl e
ort “I}i‘erﬁ B%%%P%EOIB?Spg%‘% 185 Qﬁ’pr?ﬁﬂ}’ inrelation to

the housing 14. The term "l at er al rmverrent " as used
t8P4RIghout Fiieeclensensief 7'¢ itapproximanbtek4 wohirthe popnegier 10. Hence,
+X, -X, +y, and -y directions. In particular, the

uppanfessifd camembimampiodaatehnd.é4 nso ﬁ@antlslpiosli@oowéapicttbrbin Figure 2, in
adj acent portion of the |Iower surface 36 of the

haus bMe 14, -\ hidd &kigreestlsi MBS ffuré bET@&PERBIP GdnBYmum
depression 38. [0042] The clearance "c" Is

%PE?ééeggﬁf%anc% b]eﬁvégﬂlth@thteﬂﬁalﬁpf?lﬁﬁé‘édc{feﬂ%&mm % subfifate 12 and

can nove approxi matéely O. fromt
tlons in_Fi ahof h ,
PR U i —
maxi num anti ci pated di fference between

t¥RBtear hy-cleammce dc de pPRiaGatign dersndeniea &%Eﬁ G vl i8 spegified herein for
the housing 14 at the outer corners of the housing 14.
laxempbay puipesesendd t hat the optinmal val ue for the

cl earance "c" is application dependent; a specific .

val48} i s spH® donaettdrelOefurthércromprsapd pkuyalimyj pphsibde eainynts in the
[0043] The connector 10 further conprises a plurality

Gbrrh WSt E& lﬁh@@@nEﬁcﬁ $d1dBafl 60 B Sbog sk SAthbaddr@sffhding one of the
Each sol der ball 60 is associated with a correspondi ng

%Sta&fs 1t8§ € &0 ”I:]h%(‘s&i;ﬂe}%} 6%)821@,30 genced v?/ﬁh %aé'cogﬂc s91 C?Qere positioned, in

assom ated w COI’] acts 138a are positione

o e OO RE i A o 2

balls 60 associated with the contacts 18b ar¢ . .
K0s iThe selder, balls 6 apsociajid; wiitththg celered §b At Rf&ltt?ﬁ‘éd’df‘ Pefgwithin a
pockets 52 of the wafers 50 (see Figures 2, 6, 7A, and
Bjrespeading 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 50 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



solder ball 60 is nounted on the tail 24 of the
correspondi ng contact 18a, 18b. [0044] The sol der
whadob®78® are used to el ectrically and nechani eel/Ug2005/041158
connect the connector 10 to the substrate 12 I n
articul each sol bal | gns Wt

B AT His SOBREen P BRSO GHed e DAt et aters S0patgve in

the connector 10 is placed thereon (see Figure 9). The
gelatier tayhir heudng d4.e subjected to a refl ow process that
nmelts the solder balls 60. The nelting and subsequent
r[@048gr deni richecbldeh eometiiers Hasswisal wah tleoronects 1@aSolmd a
between the tails 24 of the contacts 18a, 18b and the

GREcheSBANGhAG A BERen BRASI1924 ofthe cHREES $82 Qhé?l%hsﬁ)%hm, and the
held in position in relation to the housing 14 as

PR 2 RS A, SR o
B DAl BT R P

[ 0045] The, sol der connections 64 associated with the
EEpangtanot theysubsieate 42 gae tieossingddnnect i on bet ween t he
tails 24 of the contacts 18a, the housing 14, and the
deR46¢ s pondilig selsiar eamnegtints 68 2ssokkatacieyith the cootadisr] 8b form a
connections 64 associated with the contact 18a can be

sudohadtal conisdction betsvekin theagitk Dyoftthé t@itans e, hal veeksddied contact
thernal expansion of the substrate 12 and the housing

$4ds §007R] tailir24 §P’Jh@ %Bnt‘é@t@n%ﬁt Qﬁﬁmetﬂe @&?&?bﬁﬁlﬁ sitts! 9% of the

the contacts 18b form a nechani cal connection bet vveen
W%ert 8 Withath 2Q6L A

onftract paﬁl sgt%st al %%Q}aﬁ% %2&/%% &h%gg%:%bn e pigg efr”)f the slot

thin the cor e 0 sl.ots 56 of the fers

Rovh i CheEE HHERG B 0 s b At LA T o Substpntia
t he perlphery of the sl ot 56, as noted above. Hence,
emeunis ré paldesmseasintert with éhesmntactsr $bifream repekingiand adhering to the
substantial anmounts of sol der associated with the
bovsiegis Tigbhdusg IMehekfongreardnsaditeniaetedtto thdweafersud, agd to the
14. The housing 14 therefore remai ns unconnected to
threespaidding sder @nthetsa 8bl@lder connections 64, and contact pads 52.
[0047] The above-noted arrangement permits the wafers 50 and the contacts 18b to
move laterally, independent of the housing 14 (and the contacts 18a), in response to
thermally-induced deflection of the substrate 12. The above-noted 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



correspondi ng sol der contacts 18b, sol der connections
64, and contact pads 52. [0047] The above-noted
waemangsnent pernmits the wafers 50 and the cone@DUS2008641158

to nove laterally, independent of the housing 14 (and
the contacts 18a), in response to thermally-induced
sdeddr pedsd 67) seltlert dvansdtiosit Hatand 18ls Zhhef thdcoangaatot rare not subject to
cl earance between the periphery of the penetrations 40
QRdsek L1 ad by ddter&fced PaweanhdehermiBpiddced défdcldn of the substrate
rel ati ve novenent between the contacts 18b and the

usj 14. T r.el:ati vepenkihst h r
PR Bndting [F LRG0 BRTRtnckE 1O oY FelTe S BRI RN AR ear the oute
limted by the clearance "c" between fer -
GOBeTs G B8 TG Sepets B EE EpT ol fangBUB Sy ] Bbiieved to
The configuration of the connector 10 permts the
pravisiesheomasimpn hencdisid 8d¢<- 18b to nmove in relation to
the adj acent portion of the housing 14 as the
048] r at e TRe ceffigacitionaf thermonnertes, 10aiids bélievadipen hglpitg reduce or
defl ects at another rate. Hence, the associ atedsol der
PRfmaf2iresRl 86 FheCRNRe cbirmRbsoBd4 iadetet diyldsff@dnah betveeen the thermal
contacts 18b are not subject to stresses induced by

%%Ja%ﬁ[)ﬁ‘ g?gi% sAEiMEeD Ahent ReGd®d 14/ - Thdumeidusieibh @€ tHe@dnnector 10

e substrate 12 and the housing 14. These

i fferenc it is helj: ' - :
Mot ieisan reBrharsaF i Ra s hEP PENETE: LR o e B fections
the wafers 50 at the oué%r corpers Is believed to
betwiger heroqBnerioli kA ARdRRGOSEHE 1 2ef f ect . [ 0049] The
configuration of the connector 10, it is believed, can )
[005p] t o r e@be boregoing descriptien ispredesiop thegmygpass|of gxplanation and is
connections 64 induced by differences between the _ .
hbeomRlcosstR@a 3k timitig theénwubier. r Bhde 1 iamehtioniah bewi drgeribed with
14. The configuration of the connector 10 therefore

F@I’?reh@é 1 préfeRE@SRbYAnichS dr prTadd Methadd] itds ahdsrgrodbd ehat the words
IfTe of the connections between the connector 10 and

BB e B B b el o oo
Eﬁgéﬁgﬁg gq%}%gr%%éeg ngy%glge%wnﬁﬁts 'bgcpn de\é\@iﬁe% ﬁetPSn with reference
to particular structure, methods, and embodiments, the invention is not intended to be
limited to the particulars disclosed herein, as the invention extends to all structures,
methods and uses that are within the scope of the appended claims. Those skilled in the
relevant art, having the benefit of the teachings of this specification, may effect numerous
modifications to the invention as described herein, and changes may be made without
departing from the scope and spirit of the invention as defined by the appended claims.
[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.



reference to preferred enbodi nents or preferred

nmet hods, it is understood that the words which have
whemsoused herein are words of description andPCT/US2005/041158

illustration, rather than words of limtation.

Furt hernore, although the invention has been descri bed

[0652) n wi t Moredrelessrthan foar phtheivafitras0sam be tisaden alternative

nmet hods, and enbodi nents, the invention is not

¢hbRTishests | mdage Waftrd 80lcdntbel fogitioaed htdutaioas oh $d 108edsurface 36 of

herein, as the invention extends to all structures,

@i@'hggﬂﬁg P EthdS Bian HRASutd BrMrd. NTHE WABrsSeRRA bRffofnlk&l in shapes other

appended clalnms. Those skilled in the relevant art,

t he e teachings of this

t avi nl.%rel ltber;nfi %mgf i”% ts

&égﬂ FeRd'SH ﬁ%y ??SEP humer ous nodifications to

t he invention as descrjbed herein, and changes nm e
W4l wi t hobteraaihug ¢m 1‘?‘?‘3%%%’“2‘@8&3 %kugg?aﬁ'efsa %Lfc? as the
the invention as defined by the appended clainms.
P@Bss 42 For aesearpodating thessoler bolds @hbbied wilgessd Ocesad math this
formed without the ribs 33 on the housing 14.

plrti@daeimbadireritfrewserhabé foramd wathousthd poekdtd 8 Tlie prinesiples of
contacts 18a, 18b in alternative enbodi nents.[0052]

MR eBfion S186 cAdhe¥apped tPfighthBgleabifidetd?s) atdfo Behriés@ek thht
alternative enbodi nents, and the wafers 50 can be

nosition: j : r surface 36 of the
bl el R e L R S e vt ers 50

be forged in es, ot her than.square.in . .
BB e B0 R E & 135 5] SRR P fyintin he form of an
enbaodi ments can configured w thout pockets, such as,. _ .
¢lerdricnd sputeston 300 1 Gpmpepaisioidhe poreetes 190G fhabpresybstantigdly identical
The wafers 50 used with this particul ar enbodi nent
toithasgiof ¢heccannéntorf I8) are dendtechwith idenéicg aefiersnse B@merPtsan the text and
principles of the invention also can be applied to

fisged. angl e connectors, and to connectors that
i ncorporate insert nolded | ead assenblies (I MASs).

005534] Fi ot ndOtdidt ddeRPrisBNPhORIngal (he R tHoV§ing 102 includes a

enbodinent in the formof "an electrical connector 100.

bﬁgtenoﬁcg'g{ﬁ 181 hzqugg § Po%e?%ar%ce]l%g. ﬁ@ﬁo»@gresuﬁggesf(%“ais %l p|11¥rality 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 107¢ and an opposing fourth side
107d. The third and fourth sides 107¢c, 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



to those of the connector 10 are denoted wth
identical reference nunerals in the text and figures.

WO 0®656713The connector 100 conprises a housi ng BORUSINE041158
housi ng 102 includes a bottom portion 104 having a

GRURLs P 530 DRSS B aEaAE Beo of oepockers

110 . are | ocated i mat e the outer corners of the
I & spetifiea & %G@P%%B“@Piﬁi P8Y-10 and 11). The

connector 100 does not include the wafers 50 or th

§e)58ks si ondhegowtectdnd 08 drehides @ plurality[of gaiontasts 1§3u E&h@s described
102 has a first side 107a and an opposi ng second si de

163 ifselatidi guhe cdectoThe. Hheisomarts 082, 4Bls carhlasmaunthd frocavities 37
side 107c and an opposing fourth side 107d. The third

3EhfdqH Kl hovis B aoi @)%Qa 1R Fas 33dina@ipartitiogs 5 rastdesonibed above in
second si des 1 ;% The first and second S|des

é&lﬁ'f‘o HELe %E‘to X6.eRds cﬂfrg e % B, e Ad2kEB 810 ¥ach receive the tail 24

rection. i r'd and sides 107c, 107d each
ENE %éf%% ﬁtt%sewgfté‘?i g £ AR are ot cepiced
five-by-five array, are formed at each corner of the
g d feicdanttyb. The optimal nunber and arrangenent
of thepockets 110 is application dggendent A specific
10089 r and Aphaniiswé e pehetrdionp 40 kad eppokets 43 parbe fosged in the
for exenplary purposes only. [0058] The connector 100
ibBabmG@stich lduwfahd housifg t0Reo actunanbdatd B, tails®# afeach contact 18b, as
descri bed above in relation to the connector 10. The

GO BES FbdkRan ré&borpt%nh@@mﬁieétei el Aleganid Sodieht9ci®Be formed
in the housing 102 by a plurality of ribs 33 and

Qva}{hou hg :}%i%és %‘S"ST S 5' %?ga@lb&%%c{ f'?%]ar &In%te'aﬂgcﬁeg tB B&older ball 60

connec own 1 n pocket's
each receive th spondlng one of t he

é’8ﬂf‘8’&?ds‘ R ﬁ’é”ﬁﬂeﬁ‘?oﬁa% E%r Mt ons 35 are not

cted in Figure 13, for clarity %) ( .
rW lity dphrrlitpeheineleiond 14ere amtaqhgl fgs bRrigerg pgption 106 (see
can be fornmed in the
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



bottom portion 104 of the housing 102 to accommobdat e
the tails 24 of each contact 18b, as descri bed above

w0 noosetsri on to the connector 10. Alternative PCT/US2005/041158
enbodi nents can be fornmed w thout the pockets 40. The
tail 24 of each contact 18a can be attached to a
syrthenrdefiaed by thigksurfags dic and a9 apposipg.isubsiantipdly parallel fourth
associ at ed pocket 40. [0060] A plurality of
parfeesd htZdonihexhisd andefoughsedaden 11 Pe 1h3d eanin qoipoin itlenfirg061d second
(see Figure 13). Each penetration 114 extends between
tsnefacgspidla siunhadie Litf, scatdl ahedrang Fpaadiurticenel 2af 113 112¢, 112d
pockets 110. [0061] The tail 24 of each contact 18b
e4bieBesnd MM hin® tEOBStRIPPAELR T 0RSRSH kiRl 108Rr dulthc8 6.

into the pocket 110 and I's attached to a sol der baII

3en e‘ﬁ sitio f&iﬁ{H tlmh\@}_‘}fgée@ 19 Bce 1R g&% (%rﬁe:ll’l?ed ina substantlally

rations pre erab y are Si ’Ze

cl earapce .exj.sts bet n the side ofth netrati.on
Ml B een el TR TP s CRRE T e % s tggssond

The_ sol der balls 60 can be subject to a ref|ow process
tsripessrhl 3o ldéb pedemblytaromnslalingelatier e theyedisat diescgon.gBhe angle
and correspondi ng contact pads 52 on the substrate 12,
dstvwesdhé Hestlambspeend surfagbsit i2en] 12b andehevertiead tdivectidh is denoted by
[0063] The pockets 110 are each defined, in part, by a

fthe fefersntelfsaadold2aaphe) AFiQRPS| PebfedbRShamidl@hipha is approximatel
paral |l el second sur?’ﬂce 11%Lﬁ (see Fi guirgle 12)g Eg PP Y

%’1@ ﬁ}aplo;&nhl%{eéy fReL rHeddope tgl a? R¥%hutl Bl ffte lfﬁitq c%r}n]r%ﬁ value for the

an opposin subst an |y parallel ourt

Jaé%lg a}PE[';lﬁ SIFplf’cg & &je(?enéjeél hads%g{ll??%g@lg }%%fgl’ﬁ]é%%ﬁ{?ln %ﬁ gxemplary

first, second , third, and fourth surfaces 112a, 112b,
PYEROSESIY each extend inward, into the bottom portion

104, fromthe |l ower surface 106. [0064] The third and
NS h sur fEhedgstand second 3urfages 1624, dh2le arejatorgated, i.e., the first and
substantially vertical (z-axis) direction (fromthe
pecrongactfaces 102a, Fil g 1d3der thehehd ihigtand feursiea@fides 112¢, 112d (see
surfaces 112a, 112b preferably are angled in relation

Fedrékel vaidtiogal direction. The angle

[(5066] 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¢, 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 corners



between the first and second surfaces 112a, 112b and

the vertical direction is denoted by the reference
waewbor137a" (al pha) in Figure 13. Preferably tPer/asmyhs041158

al pha is approximately forty to approximtely

forty-fi) rees. .l t .. .

SR BEY EfPp bafdh  sBfiutiRlaRY dhfiBhalldtisction, inreltion o

dependent ; specific lue i.s speci.fied herein for

ShEee Ay tnsopBestasn B 1ot TRRET FripiO 0h teeiogisas of the

surfaces 112a, 112b are elongated, i.e., the first and

dovsing 18Uistdeneted bythe arrawp] 2t ia HighigetO4Ban the third

and fourth surfaces 112c, 112d (see Figures 11 and

42068][ 0066]THeaetentatiok of tht B sttrad secdndrsgrfacedilid, 142b preferably is
114 extending in a direction substantially parallel to
tsBRclell 66 tha (1} 1666 RIAhaS biXik ACLSxtddddn alilidbtidis&dsfah@allyecoincident
12). The longitudinal axis 114 is angled in relation

L € arbws 3PE. IV oth@ WESE RS rieﬁﬁj&%ﬁ@%ngﬁuainﬁ axis 114
fi1gures. The angl e between the axis 114 and the "x"

directian i s denot by. the reference synmhol..."Q" bet
bty 5o BR g dreehin PO IR R B bineoy Rl 02 expand
each extend substantially in the "x" direction, as

ABfEaonsde rerppihadupebdédigiion b haueg Fespndth pubsirls 12.
approxi mate angl e between the axis 114 and the third

d8e6% our t h Foir deamplesit is bebgved theosg pormpisiod thelewsr surface 106 expand
bet ween the thermally-induced deflection of the

dnbdireaion dfBeafidmtthe “xitaxss hygaphdexianelpiitptade depgrbs to

maxi mal at or near the outer corners of the housing

éagﬁllfoxﬁﬁatgliy%ﬂ§% t a0¥&. HddGe tAeb@thtion STAHE BFbt and second surfaces
e

ection is believed to cause the cornersof the

glcf g%iolﬁg}) %gs%cﬁped%%?ﬁgs &%ﬁ %Srr?ibgroig sﬁl%ﬂ%& Qcmlf.aﬂhlfeyﬂtn ﬁlg beta is

rection, 1nre the center o

| ower . surface 6. The djrection o ansi.gn of the .

P Rsireetoh R s RGeS PP RS b Bk Qo o optimal
120 in Figures 10-12. [0068] The orientation of the
iahstforgnglaketo wapplipatiopdspentont. A a5l s igprepentsd for exemplary
selected so that the |ongitudinal axis 114 extends in
pudhasexdrilpn substantial ly coi nci dent

[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.



with the arrows 120. In other words, the orientation

of the longitudinal axis 114 substantially coincides
wowdoh/otises di rection in which the corners of theECTUOS®DFIQH158

102 expand in response to thermally-induced defl ection

BRg 102 and the substrate 12. [0069] For
g&gﬁg‘%ecmﬁ‘?hil% bel i eved that the conmers of the | ower

surface 106, e nd.in a direction.offset fromthe "x"
x5 by apprbPaaEr nfeinegoif S Fuled Th b Bosibie
approxi mately forty-ei ght degrees. Hence, the
OPTPREREI on of the first and second surfaces 112a,
112b associated with this corner preferably is

sel ect ed sa homsing tied dafiggser hesringsuefpgss oxi mat el y
thirty-three degrees to approximtely forty-eight
degrees. Thefirepddnimt theadefhet arespogive chéta i s

appl i cation dependent. A specific value is presented

for exenpl grsPREBRSESMSR IountdbiOhe QsFé‘deie!%gdbhﬁme first contact for
pockets 110 in a direction substantially coincident

with. t | j I expansi on of the bottom

68 utnlngﬁﬁelﬁréf!i 8‘?’#56?20 gre?ls:ﬁgﬁga ) agcgn hel p to reduce or
substantially elimnate stresses o he sal der

connect i on?%‘&o‘@a‘i%‘?&t t@ﬁt?@%ﬂﬂgﬁﬁ’ﬁz‘?%@%’ t he

thermal | y-induced defl ection of the substrate 12 and

t he housi ng stemd fupiblsaalement mauntadipn acsprghy ¢ e alihe second contact
orientation of the pockets 110 is believed to permt
tfreseoutiiey the secoad sootfact thehdwbstiraig 102 t o nove in

relation to the associated contacts 18b and sol der

connect i onsylfefein Ty @spBoN GNEIH o fGBOsICOAMEENt At ch Bivaatig respect to
stresses in the sol der connections 64 caused by

t {nggycl ing of the connector 100 and the substrate

12. VWhat ©Is clainmed is: 1. An electrical connector

capabl e of being nmounted on a substrate, conprising: a

housi ng that defines a nounting surface; a first

contact that defines espective end; . .. _
2. The connector of claim'1, wheremn a wafer is positioned adjacent to the

mounting surface of the housing and the respective end of the second contact extends

through the wafer.

3. The connector of claim 2, wherein the respective end of the second contact

can move with respect to the wafer.

4, The connector of claim 3, wherein the wafer can move with respect to the
housing,.
5. The connector of claim 3, wherein the wafer defines a pocket that receives

the second fusible element.



a first fusible elenent nounted on the respective end

of the first contact for securing the first contact to
wo bweouizsi rat e; and a second contact that extepdBUS2005/041158

t hrough the housing; a second fusible el enent nounted

on a respective end of the second contact for securing

the second contact to the substrate, wherein the

respective end of the second contact can nmpve wt

respeét toTthOMENEHﬁQCMEHITWBﬂéﬁﬁh@%¥%¥w8ﬂsEFQF%P%“““mea

wherein a wafer is positioned adjacent to the nounting

sespbabe onfer chaehofihe hguamglandewales patsitivaed indthe depriggsion.

second contact extends through the wafer. 3. The

connector of claim2, wherein the respective end of

the second contact can nove with respect to the wafer.

4. The conAgetOfndfor Gl éfaﬁh 3, whbielnehd whah® iy@fRfanG ANy square.

move With respect to the holsing. 5. The connector o

claim 3, wherein the wafer defines a pocket that

recei ves the second fusible el enment. 6 The connect or

of claim1, wherein a_depression | ate

a res§e0t|J3669W%F“E@fﬁ@Fn %ﬂ@”ﬂ5 ﬁﬁ ﬁﬁggwahf%?eatOHw
is positioned in the depression. 7. The connect or of
hbasing Entiltheecwinactohis aflaghed tp Shesybsftaimt i al |y square. 8.

The connector of claim2, wherein the wafer is fixed

with respect to the housing until the connector is
attached to the substrate. 9. The connector of claim

1, whey ei n 1hRQoSReISf eRIth aCvhiBin MY 8&Jofd icbnta&l idirio@able in relation
to the first contact.

to the first contact.

10.  The connector of clam 6, wherein a depth of the depression is

approximately equal to a thickness of the wafer.

11. The connector of claim 1, wherein the first contact and the second contact

are oriented differently with respect to the housing.

12.  The connector of claim 1, wherein a clearance between the respective end
of the second contact and the housing is greater than a clearance between the first contact

and the housing.

13. The connector of claim 1, wherein the respective end of the second contact
can move with respect to the housing after the second fusible element is mounted to the

substrate.



10. The connector of clam 6, wherein a depth of the
depression is approximately equal to a thickness of

wo bwewai3es . 11. The connector of claim1, whereCTUs1ve5/041158
first contact and the second contact are oriented
diff engnt ! )Tfh\émcf)ﬁnerc?o%%?\%&ithq {vngre Q8 rlkdble %%me-lr;pf‘s a so%]der ball.
connector of clhaimT, erein a clearance between the
respective end of the second contact and the housing
is greater than a clearance between the first contact
and the housing. 13. The connector of claim 1, wherein
the rd&pectlihpsoprrgtasiof claim Sewbargincheieaanceistabriweey thy wafer and
respect to the housing after the second fusible
alpenphdry iof thenleptession,antihlee dedyanaeas epprdxinpbedy equah éz e praximum
of claiml1l, wherein the fusible elenent is a sol der
atidipatdd difEaece BRaeh Her@bll ghmiubtbdefWogseoMNtha housing and the
cl earance exi sts between the wafer and a periphery of

tsta&tﬁ%ngrs,%ﬁa@@nhe%@&nh%rgﬁ%%&&ﬁctg.s appr oxi mat el y
equal to a maxi mum anti ci pated di fference between
thermal | y-i nduced defl ection of the housing and the

substrate proxi mte the second plurality of contacts.

16. The connector of claim1, wherein the connector.is .

a socK8t fdmegomacior of cham ly yherepifa cpgiector 6 a sagget for a ball-grid
systemof claim2, wherein the first contact is

smeycetiecE®ra first | ocation on the substrate and the

second contact is secured to a second | ocation on the
substrate, and the wafer and the second contact can

nmove in relation to the housing in response to

rel atijye nOheRBAEmRECHRRN, (WherehiOMs ifing camdctih SecaflaBa first location
| ocation on the substrate. 18. The connector system of

%h%é@t&)stréﬁlg ?{ﬁ@{h'% sE&%d%%ﬁ&@ﬁfs g?‘{]ﬁg&ﬁ%uaissi%%%ﬂﬂ@&ffﬁm on the substrate,

proximate an outer corner o

and the wafer and the second contact can move in relation to the housing in response to

relative movement between the housing and the second location on the substrate.

18.  The connector system of claim 1, wherein the second contact is located

proximate an outer corner of the housing.

19. The electrical connector of claim 1, wherein the housing defines an
elongated pocket and the second contact is mounted on the housing so that the respective

end of the second contact is positioned in the elongated pocket.

20. The electrical connector of claim 19, wherein a wafer is positioned over the

elongated pocket.



19. The electrical connector of claim1l1, wherein the

housi ng defi nes an el ongated pocket and the second
w@obatid7i s nount ed on the housing so that thePCT/US2005/041158

respective end of the second contact is positioned in

the el gngat ed pocket. 20. The el ectrical connector_ of

clai m219, vihecisciical spmnsstor of deg 19, ovhseein g dongitydinal axis of the

el ongat ed pocket.21. The electrical connector of claim

EPngated peclret &s substgntialificoaicident witbfa dieetiasl @figavaseknt of the housing

pocket is substantially coincident wwth a direction of

i wdatiintto tlie dubstrhiotssul@giffoni teahalbRindacddd:istisi sfah€housing.

resulting fromthermal |l y-induced defl ection of the

housi ng. 22. The el ectrical connector of claim 19,

wherein the el ongated pocket is oriented radially from

a center b nt . i .23 tric )
Conmedtor "SR S DS B0to, TS BB e poces
ori ented.about 33 to 48 degrees. .24. The el ectrica

O a PR o 3 ceh3r POIRES hs Foisittar { ho vt o1 and ¢ he
housi ng define a pocket with angl ed sidewalls.

23. The electrical connector of claim 22, wherein the elongated pocket is

oriented about 33 to 48 degrees.

24, The electrical connector of claim 2, wherein one of the wafer and the

housing define a pocket with angled sidewalls.



