.BALQ\GkID ARRAY TYPE | C SOCKET BACKGROUND OF THE | NVENTION Field of the

I nvention 5 The present invention relates to a ball grid array type IC
socket for electrically connecting an LGA (land grid array) or a BGA (bal
grid array) type |IC package, which is mounted on an insul ative housing of
the IC socket, to electrical contacts provided in a matrix on the

i nsul ative housing in a pressurized 10 state, while also electrically
connecting the electrical contacts to a printed circuit board
(hereinafter, sinply referrElLl GRID ARAANYCUiYiPELgar dbTKETThe present
invention relates in particular to a ball grid array type |IC socket that
performs the connection between the electrical contacts and the circuit
board via solder 15 balls. Description of the Related Art A type of bal
grid array type |IC socket (hBREKGROURD,OBi Tk yINVENTEIONed to as "I C socket")
is disclosed, in U S. Patent No. 5,132,222 (Figure 3). This |IC socket
conprises contacts for 20 cont &g ofi theodngensiofi an | C package. The
contacts_conprise_contact arns for contacting the pin contacts., fixing
portions®for fixThE R¥RSeniavestiont telapssitat & vea hogsiidgaofay heydeCIC
socket, and sol der ball connection portions to be connected to the circuit
boar d. GeneFéiFﬁﬁF fAE ¢tecukealsl wcemmestiiged anolebnéland gniid lRr2Bydobder
ball's soldere% n.to the solder ball connection portions. In the known |IC
socket descfi %% 9nicb areaphcku® §& package, which is mounted on an

insulative housing of the IC socket, to electrical contacts

provided in a matrix on the insulative housing in a pressurized
10 state, while alsoelectrically connecting the electrical contacts
to a printed circuit board (hereinafter, simply referred to as
“circuit board”). The present invention relates in particular
to a ball grid array type IC socket that performs the connection
between the electrical contacts ahd the circuit board via solder

15 balls.

Description of the Related Art

A typeofball grid array type IC socket (hereinafter, simply
referred to as “IC socket”) is disclosed: in U.S. Patent No.
6,132,222 (Figure 3). This IC socket comprises contacts for

20 contacting pin contacts of an IC package. The contacts comprise
contact arms for contacting the pin contécts., fixing portions for
fixing the contacts to the insulative housing of the IC socket,
and solder ball connection portions to be connected to the circuit
board. Generally, the IC sockets are provided to consumers with

25 solder balls soldered on to the solder ball connection portions.

In the known IC socket described above, the IC package is
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-of the pin contact type. In the case that the |IC package is of the bal
grid array or the land grid array type, the contacts of known |IC sockets
are nodified as described below That is, contact points of contact arns,
whi ch contact el ectrodes of the 5 | C package, are horizontally offset after
extendi ng through an | C package nounting surface fromthe fixing portions,
to reduce the height of the I C socket assenbly having the I C package
nounted thereon. The contacts of a ball grid array or a land grid array

type | C packsgenar 8560 t he,co ct_ ar i.n pressurized 10
state. This constrgégi gﬁ]ﬁ%@gfﬁﬁd Fﬁ ?%%p%ansseeﬁ@tt ﬁge I’L“rﬁn?%?]fﬁqezd’rsi 8h of
products to aMd el1h ted., L the case th t he cont act

pi eces (contact arlm; §§%§%§)rf%£ét§ %éjt agl%ngﬁ#lgra%reas%%iyggd g%%v%?nﬁ'atc iS5 0F

preferabl e thatwrt e pasditd f d |.s.0on.the,opposite. side of
the housing t her ef rom 15&2;%?%a%%&tfﬁgg%o§%t?%%(s:%%) e?hge%S?{t‘ ac#gﬁﬁi nts in
the hori zontahwdictegbiags dhabnicct! hrhs, RRE(AY Alle thal, Lhe solder: PaLl

connection portions are simlarly offset fromthe fIXing portions

sanme dirgctilinpasktbal &fe tha-icH@R0N AL FNE$ f i | ance_t he
arrangenment of the LGA or BGA of the Iy?:opagﬁage t%% %ﬁE ?%%%&P%%&%ﬁe%fl of

the BGA of tiephCksgeketuntikanhi-raceWr tbn e F0GeAL HOLE ERTES éonfgagﬁépeed
e

of transmitted signals, it is preferable that the Signal paths o

contacts ar &hashetwrtt odstipossistiaket Asybem phatheqabavec ﬁécﬁﬁéﬁghﬁgg&e
that the solder ball 25 connection portions are offset fromthe f1xing

porLi ons, whhEgeopr oVildi mgnthetshor tesialpogsidl £-&i@nal aPBihS Jriianythgy | C

package type IC package are cénnected to the contact arms in a pressurized

10 state. This construction isr adopted in response to the
miniaturization of products to which IC sockets are mounted.

In the case that the contact pieces (contact arms) are offset
in the manner described above, it is pfeferable that the positions
of the solder balls on the opposite side of the housing therefrom,

15 approach the positions of the contact points in the horizontal
direction. That is, it is preferable that the solder ball
connection portions are similarly offset from the fixing portions
in the same direction as that of the contacﬁ arms. This offset
is to balance the arrangement of the LGA or BGA of the IC package

20 and the arrangement of the BGA of the IC socket.

Meanwhile, with the recent increases in the speed of
transmitted signals, it is preferable that the signal paths of
the contacts are as short as possible.

In view of the above, it is desirable that the solder ball

25 connection portions are offset from the fixing portions, while

providing the shortest possible signal paths from the IC package
2




2 to the circuit board. In the I C socket disclosed in U S Patent No.

6, 132,222, the solder ball connection portions are forned by bending the

| ower ends of the contacts, which extend downward fromthe fixing
portions, at substantially a right angle. Therefore, in the case that the
sol der ball connection portions are to be offset, a problemarises in that
the signal paths beconme elongated. In addition, solder fillets are forned
between solder balls and the solder ball connection portions, during

soldering ofothe sqkdgitbald.sy.onto the solder ball connection portions.
There is a p055|b|I|t% that the solder balls are pulled toward the right,

that is, the sidé®ofl% nk" fI36G4%¢ portPoits, indde St o PRRENEUF? ack 1ndkén of

the nolten seé desiach IHaalls cohhbsti@adstqohbeape obbamad haf Bdriisgl dge ball's
bei ng fornﬁg on the solder ball connection portion at positions that
deviate fro Yﬂ%l?n%?eﬂgtépﬁlﬁ%@t66§Ft|8H§ChmﬁéF%n?hé?WaV%r4ofrﬁ% &bt der ed

to the circaitithpaodridssa d@&iﬂﬂstahlﬂeéﬁl‘jsa arigh@SsnBiti tyndatorkhein
positional accurac oﬁ t he sol de 3£Is Is deteriorated, thereb redu0|ng
the reliabi FiTycst® it Fitar o t¥imetdilone Neq d88i PPERIOPhePES |

possi bi | i tyoffdwt, the ps:pheemcadrls—bheapesn ofthkbe 3@l deighal | pavkis | blé@oﬁét ered
due to the h r|z ntal ﬂﬁ d%c ment thereof 1§UNNARY CFfTHE(E ENTI ON
Enbodi ment s o(f g[ahe pr esenf I RVER T 0 PS88k tTJP50i F S TBATP gk aFR ay

type | C sockeldanhiketi liss amaqoai:ﬁee w®flder ball connection portions, during
soldering of the solder balls onto the solder ball connection
portions. There 1is a possibility that the solder balls are
pulled toward the right, that is, the side of the fixing
portions, due to the surface tension of the molten solder
fillets. This leads to the problem that the solder balls being
formed on the solder ball connection portion at positions that
deviate from their predetermined positions, where they are to
be soldered to the circuit board. As a result, there is a
possibility that the positional accuracy of the solder balls
is deteriorated, thereby reducing the reliability of
electrical connections. In addition, there is a possibility
that the spherical shapes of the solder balls will be altered

due to the horizontal displacement thereof.

SUMMARY OF THE INVENTION
Embodiments of the present invention seek to provide a

~ball grid array type IC socket which is capable of



3 sufficiently offsetting solder balls fromfixing portions in the

hori zontal direction and ensuring the positional accuracy thereof, while
shortening the signal path. In a first aspect of the present invention,
there is provided a ball grid array |IC socket conprising: an insulative
housi ng having an | C package nounting surface on one face thereof and a
circuit board nounting surface on a face opposite the |IC package nounti ng
surface and a plurality of contact housing apertures extending fromthe IC

package nD&E NG 9l ace rhOrtNgy Cidddd hoard MUNT#NG n§ULLR€€.ANd i n
configured to receijve a_plurality of contacts; and a plurality of
contacts, thee comirrsalnflgarhtt thnstil ot ke protrirnal fAsmreRE fir st

surface in endwelifr,echi 08adlrthanhgewweli Jn@h pg&eRL acting contact portions
of an I C package_nounted on the IC :Package nounting surface, fixin

! g
portions for engdyi Aig tHet i MREGoret of "Eh&LEPEREI i eBFL Nt 522 Thol8i ng
apertures, psoridiid habhlpagsid hairagr atr ydexét ombigia sehpeuhd Hoandcapenting
surface for,_soldering solder balls thereto for, connecting to a circuit
board, and PFHHEI% | 3R U t PBOnd CprRAAKILE BEIIER Yt RMEIRCR RE pBRe i SASSand
the sol der tiddeqfadanfiora diciplcactngbdédel seldeindaldurFads idh Substantially

(1S, 2 CLASRLLN, At ShOSEIL S LB Sh S, cOMLACt UL BN

wher ei n t he®PR$4nsSi t'10n
preventing féedtleetts hwomifior mpwtamet heetta@nsidg ofrpar t tiods IduharGage
sol dering O&o&éﬁ%ﬁgﬂ§¥¥f£g%|Hi)oghéh%i§ghggrbggk5 %%%%ting surface and
configured to receive a plurality of contacts; and a plurality

of contacts, the contacts including contact arms that protrude

from the first surface in a undirectionally bent manner for

contacting contact portions of an IC package mounted on the IC

package mounting surface, fixing portions for engaging the

interiors of the plurality of contact housing apertures,

solder ball pads that protrude from the circuit board mounting

surface for soldering solder balls thereto for connecting to a

circuit board, and transition portions provided between the

fixing portions and the solder ball pads for displacing the

solder ball pads in substantially the same direction as the

direction in which the contact arms are bent, wherein the

transition portions further conmprise fillet stops for

preventing fillets from forming on the transition portions

during soldering of the solder balls on the solder ball pads.

In a second aspect of the present invention, there is

provided a ball grid array IC socket comprising: an insulative

housing having an IC package mounting surface on one face

therecf and a circuit board mounting surface on a face

opposite the IC package mounting surface and a plurality of

contact housing apertures extending from the IC package

mounting surface to the circuit board mounting surface and

configured to receive a plurality of contacts; and a plurality

of contacts, the contacts including arms that protrude from



In a second aspect of the present invention, there is provided a ball grid
array | C socket conprising: an insulative housing having an |IC package
nmounting surface on one face thereof and a circuit board nounting surface
on a face opposite the |IC package nounting surface and a plurality of
contact housing apertures extending fromthe | C package nounting surface
to the circuit board nmounting surface and configured to receive a
plurality of contacts; and a plurality of contacts, the contacts including

arns that peedrudeshrogudeide fin sty suhhagecd bra19pdi sect | oaldey bept
manner for contacting contact portions of an |IC package nounted on the IC

package nouRtHiiy Ot SEREAFE TG IFBEt PHNRL f T RAwEaEE ngeiHed 9% PFoES of
the pluralipyciefgecond@etihousifhaner tikiasy psAlidels badd pagdsqifat tReotrude

fromthe circuit, board nountin surface for soldering solder balls thereto
for connectthfH§r8 &frct® BIBFALIBhd Afr afSTHITN POREEBAS FFUdEa-
bet ween t hesolded mglpophionshandrdteuas! desm bald padsif opoLds plasicnggt he
sol der bal | S in substantially _the sape direction as the direction in
whi ch the cBNCRE dPFe A - HAR SOHHEF Pt The M aTGHST AG 1 ERTIRSE 1SGBP Ses
pr ot r usi onscitati textbend,f ram t ieangiviow tpdadbds Bl iagd suetasent ent he
ends pf.thefﬁg!der(g%L%nSpagg n%r prgx@ntinglfiglet% fro Sfﬂgning OF t he
transition —porti dhg dGPFng Sol"hEr iF0g6F tHelsH3G&r X 16 58n2EhRI s bl Ger
bal | pads. s$aldernt Hiald gspectiofsibegutdaseny ithweshmenditrbetion Sas the
' direction in which the contact arms are bent, wherein the
housing further comprises protrusions that extend from the
circuit board mounting surface to the ends of the solder ball
pads for preventing fillets from forming on the transition
portions during soldering of the solder balls on the solder
ball pads.
In a third aspect of the present invention, there is
‘provided a ball grid array IC socket comprising: an inclusive
housing having an IC package mounting surface on one face
thereof and a circuit board mounting surface on a face
opposite the IC package mounting surface and a plurality of
contact housing apertures extending from the IC package
mounting surface to the c¢ircuit board mounting surface and
configured to receive a plurality of contacts; and a plurality
of contacts, the contacts including contact arms that protrude
from the first surface in a undirectionally bent manner for
contacting contact portions of an IC package mounted on the IC
package mounting surface, fixing portions for engaging the
interiors of the plurality of contact housing apertures,
. solder ball pads that protrude from the circuit board mounting
surface for soldering balls thereto for connecting to a
circuit board, and transition portions provided between the
fixing portions and the solder ball pads for displacing the
solder ball pads in substantially the same direction in which

the contact arms are bent, wherein the solder ball pad is of a
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provided a ball grid array |IC socket conprising: an inclusive housing
havi ng an | C package nounting surface on one face thereof and a circuit
board nmounting surface on a face opposite the |IC package nounting surface
and a plurality of contact housing apertures extending fromthe I C package
nmounting surface to the circuit board nmounting surface and configured to
receive a plurality of contacts; and a plurality of contacts, the contacts
i ncluding contact arns that protrude fromthe first surface in a

undi recti onal 43piERhapBNABTIAPra GOMAGCH RG:iGRPI PCinPOlLd QRS Ok AR LE
package nmounted on the | C package nmounting surface, fixing portions for
engagi ng th%heﬁﬁﬁﬁ%Fo?§l%f the plurality of contact housing apertures,

sol der ball pads that protrude fromthe circuit board nounting surface for
sol dering balls thereto for connecting to a circuit board, and transition
portions provided between the fixing portions and the solder ball pads for
di splacing the solder ball pads in substantially the sane direction in
“which the contact arns are bent, wherein the solder ball pad is of a 4a
di scoid shape having a dianeter slightly smaller than that of the sol der
ball. 4b The protrusive portions may be of a shape that copies that of the
transition portions of the contacts. The contacts of the ball grid array
type 1 C socket may conprise solder ball connection portions, which are to
be

ab



connected to a circuit board. The contacts may further conprise transition
portions for offsetting the solder ball connection portions in
substantially the same direction as that of the contact arnms. The
transition portions may be provided between the fixing portions, which are
fixed within the contact housing apertures, and the sol der ball contact
portions, which are to be connected to the circuit board. Therefore, the
following effects are exhibited. 5 That is, the positions of the sol der
balls are suffi c'mélt byotroffised dyrdikest raRsidd opr pertshaps, tsact RApithey are
aligned with %h nt act gol nts of the contact arns. A construction may be
adopt ed wher&f ofh $ rFASPLT O POTSAPEF o T CRBF2CUTpri se fill et

formati on preventing portions, for preventing fillets fromform ng on the
transition porti dur i f the solder balls on the sol der

bal | connection QB%r??%ﬁasc | 4d‘$’§e 2%51 It T 881 G&Pei {CpraTERt WY r om
noving to theptirsanssdider pbati ononBec@ime phetsalderwihbdd saae e tHaotbd 0
puIIedtovva tranS|t|on ortion b ur f etenlo of the t

sol der, ther(gmllesC 56 p6Ssi Bi | |fy Yfat bﬁ%ﬁ?tl 0 c&f@ﬁ?ﬁ%eﬁ@ﬁ’t 5}1% er

def or ITB.tI oncafiptise sotaerithahl ponklibnoccur. ofﬁeeatﬁilg\gtrye thedeel babil ity
of the el ec&gﬁ e%tl%?xng@(:rtel%ﬂé I s&g"%:r %I:La:!é Thc%fl ] et ﬁorrmg on as
preventing portions ise Vertid portions, i chafe for ngd on
the sol der b=t ednndet i onnthmtaoms sThst atrutarasllltyoat parghbnanglags ¢ om t he

circuit boalglqovided between the fixing portions, which are fixed within
the contact housing apertures, and the solder ball contact
portions, which are to be connected to the circuit board.

Therefore, the following effects are exhibited.



., mounting surface. In this case, the possibility that solder fillets are

formed on the vertical portions fromthe solder ball 20 connection portions
is extrenely small. Therefore, the effect that the positional displacenent
or deformation of the solder balls is prevented is positively obtained.
Further, a construction nmay be adopted wherein: the housing further
conprises protrusive portions that extend fromthe 25 circuit board
nmounting surface to the ends of the solder ball connection portions, for
preventing fillets fromformng on the 6 transition portions during

sol dering of the $BRHES hENE PG timas ebither spbier @@ﬂlgé@tﬁ%ﬁuﬁéﬁ-ﬁ—iQHElw n
this case, n%%enen% of the solder fillets to the transition portions can
be even mor &E556Si bY VS thrRIEht @ R s sy heo ddradi hBaYettectls osfed: weth

fillet 5 fort ti ont%rﬁ%venti ng ortions and the protrusive portions. BRIEF
DESCRI PTI ON FRE VP RIESE i‘g‘ﬁr@% F R FdFSsect i onal view of a bal |

grid array type Ig c10 gpckgt of the present invquion. Figure 2 is a
magni fi ed” vi ew of “a SBPtT BT AU Ba¥ed Dy  HP Uit oWPCTH i gthe traspdhiey
o e R A A oS A e e e
Fi gur e 4A | 208 BFaacvr ey g e iFERuor VR Uit (O JFaReGF LPHePDBE ORR act
tslh(r)l\gno:‘ nt E:aagggtﬁg_c%t%%%?m%n& %Ee A:c!l%jerrebglig o% Pl”?er tsloildeg%%rylf Eggngcizg%r?f a
portions. In this case, molten solder is prevented from moving
to the transition portion. Because the solder balls are not

10 pulled toward the transition portion by surface tension of the
molten solder, there is no possibility that positional
displacement or deformation of the solder balls will occur.
Accordingly, the reliability of the electrical connections is
ensured.

15 The fillet formation preventing portions may comprise
vertical portions, which are formed on the solder ball connection
portions substantially at right angles from the circuit board

-mounting surface. In this case, the possibility that solder
fillets are formed on the vertical portions from the solder ball

20 connection portions is extremely small. Therefore, the effect
that the positional displacement or deformation of the solder
balls is prevented is positively obtained.

Further, a construction may be adopted wherein: the housing
further comprises protrusive pértions that extend from the -

25 circuit board mounting surface to the ends of the solder ball

connection portions, for preventing fillets from forming on the

6



,in Figures 3A, 3B, and 3C. 25 Figure 6 is a partial magnified view of a
modi fi ed contact having an inclined transition portion. 7 Figure 7 is a
partial magnified view of the contact shown in Figures 3A, 3B, and 3C with
a housing according to a second enbodi nent of the present invention. 5
Figure 8 is a partial magnified view of the contact shown in Figures 3A
3B, and 3C with a nodified housing. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 10 Hereinafter, enbodi nents of the | C socket according to the
present.- invention will be described in detail with reference to the
attached dr &wengstifnguoetions dardegt sohdérimewfokthansdéBlesdekdts dnotha
first enbodi ment. The I C socket 1 conprises an 15 insulative housing 2; a
met al pl at e s2@deanil bl |adiend ipnapert9ons Thedmehak phate ROregportsthde
housing 2 fromthe side of a circuit board mounting surface 10 thereof.
The | oadi ngspldes fgriddsés &w (& packagdtBon oppotihesheasi g Xvahenges al
plate 20 and the loading plate 19 are fornmed by punching and bendi ng netal
pl ates. 20 PRELkoUSIHgPrewnterk dus dockbe Qomhim%@tQﬁﬁﬁﬂﬁﬂ.OﬁAﬁhPCflbg%kage
mounting surface 6 is provided on a first side thereof, and the circuit
board no¥int ERGMSGLPRCRraVER B1py aveHiekPh ante theh@rotgugd veTReYEEoPackage
mounting surface 6 is surrounded by walls 4. The circuit board nounting
surface 10 is to be nounted on a

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional view of a ball grid array type IC

10 socket of the present invention.

Figure 2 is a magnified view of a portion indicated by an arrow

in Figure 1, showing only a housing and contacts.

15 Figure 3A is a left side view, Figure 3B is a front view, and Figure
3C is a right side view of the contact, which is utilized in the

ball grid array type IC socket of the present invention.

Figure 4A is a plan view, and Figure 4B is a bottom view of the

20 contact shown in Figures 3A, 3B, and 3C.

Figure 5 is a partial magnified view of a tine of the contact shown

in Figures 3A, 3B, and 3C.

25 Figure 6 is a partial magnified view of a modified contact having

an inclined transition portion.
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.25 circuit board 8. Contact housing apertures 12, which will be described
| ater (refer to Figure 2), are formed through the 8 housing 2 fromthe
first side, which is the upper surface, to the other side, on the side of
the circuit board 8. The contact housing apertures 12 are arranged in a
matri x. Contacts 14 are press fit and fixed wthin each of the contact
housi ng apertures 5 12. A rectangular step portion 16 is fornmed al ong the
entire periphery of the | ower surface of the housing 2. An opening 18 for
housi ng the | ower portions of the hosing 2, fornmed by the step portion 16,
is formed in the netal plate 20. Wien the netal plate 10 20 and the housing
2 are assenbl ed together, the vicinity of the opening 18 abuts the step
portion 16. FAgsuppord apanttiald r2niffdred hodwbfighe ¢obedcnghann S nZbi wfres

| ever 22 that operates the loading plate 19, is fornmed at one end of the
nmetal pl ate320 By, bendidgwitA erbhoks shapectopkirat itng apeetonad ebodiorenir gi ng
the loading plate 15 19, is forned on the rotating axis 26. A bearing 32
is forned arft hbeepdestnt himtegadiong plate 19 opposite fromthe end of the
| ever 22. The netal plate 20 is provided with claws 34 for rotatably
engagi ngP an aperture 32a forned through the bearing 32. This structure
enabl es the | oading 20 plate 19 to rotate in the direction indicated by
arrow 36 of FEPgheé 192 pantdaguePiiddeBeiewpifding soradleshpes dad Fuigfe
operating Eortion 24, is formed at_the end of the |oading plate 19
opposi te tRABs edllr o?ng Wi YE g "R ifiRdaBQNERBA a curved portion 40,

whi ch

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10
Hereinafter, embodiments of the IC socket according'tb the
present invention will be described in detail with reference to
the attached drawings. Figure 1 is a sectional view of an IC
‘socket 1 of a first embodiment. The IC socket 1 comprises an
15 insulative housing 2; a metal plate 20; and a loading plate 19.
The metal plate 20 supports the housing 2 from the side of aicircuit
board mounting surface 10 thereof. The loading plate presses an
IC package 30 onto the housing 2. The metal plate 20 and the
loading plate 19 are formed by punching and bending metal plates.
20 The housing 2 of the IC socket 1 is rectangular. An IC
papkage mounting surface 6-is provided on a first side thereof,
and the circuit board mounting surface 10 is provided on the other
side. The IC package mounting surface 6 is surrounded by walls
4. The circuit board mounting surface 10 is to be mounted on a
25 circuit board 8. Contact housing apertures 12, which will be

described later (refer to Figure 2), are formed through the

8



, curves downward in Figure 1, is forned at the central portion of 25 the

| oadi ng plate 19. When the loading plate 19 is closed by rotating the

| ever 22 and is in the position shown in Figure 1, 9 the curved portion 40
presses the | C package 30 (shown by broken Ilines in Figure 1) toward the
housi ng 2. Thereby, electrodes 31 (connecting portions) of the IC package
30, that is, the LGA or the BGA, electrically connect with contact arns 46
of the contacts 5 14. Next, the shape and the nounting structure of the
contacts 14 wll be descrlbed with reference to Figures 2 through Figure
4B. Figure 2onsgiagradnph dee Fiewtotidae whdrch bh thedippeedunfager obp 42 of
Figure 1, showing only the housing 2 and the contacts 14. 10 Figures 3A

3B, and 3C SHB®t ﬁéd@on@acthq481%| ef Fheucirrubl Peard he- | ThodaRtastt t he
present invention. gure 3Ais a left side view, Figure 3Bis a front

vi ew, and Fbaaﬁéng@ﬁ%rtaﬂrqs@,ﬁ? @r@l@rmréwcbﬂnt Retelghtact CPRtRELR| e
Figure 4A is a plan view, and Figure 4B is a bottomyview of the contact

14. 15 Fi rsPre\‘?\Ptf’rFtr argr bhed fﬂ&thl@u?%clz ofi fhpsCUMaF PORFLDEIFRREF TS hat

t he cont i 14 are engaged within the contact housing apertures 12 from
the IC ae nounting surface 6 to the circuit board nounting surface 10

f the h 2., Eac f th t act .
Fi gur es 8/‘15' 38, *Fo kbl as PR SoTEba  Dcthg o%gl%ﬁﬁﬁiﬂﬁﬂg%aerbw ng @

singl e netal Le; ng o the contacts 14 conprises bas s Oﬂ%ﬁo

(115 ng por PP ERFRERE SheengkF FETEEGRAS Eaf RPPebes & ofrrBertid g ag

and 3C; for housing the lower portions of the hosing 2, formed by the step
portion 16, is formed in the metal plate 20. When the metal plate

10 20 and the housing 2 are assembled together, the vicinity of the
opening 18 abuts the step portion 16. A support portion 28; for
holding a rotating axis 26 of a lever 22 that operates the loading
plate 19, is formed at one end of the metal plate 20 by bending.
A crank shaped operating portion 24, for urging the loading plate

15 19, is formed on the rotating axis 26.

A bearing 32 is formed at the end of the loading plate 19
opposite from the end of the lever 22. The metal plate 20 is
provided with claws 34 for rotatably engaging an aperture 32a
formed through the bearing 32. This structure enables the loading

20 'plate 19 to rotate in thé direction indicated by arrow 36 of Figure
1. A tongue piece 38, which is to be pressed by the operating
portion 24, is formed at the end of the loading plate 19 opposite
the end of the bearing 32. 1In addition, a curvedportion 40, which
curves downward in Figure 1, is formed at the central portion of

25 the loading plate 19. When the loading plate 19 is closed by

rotating the lever 22 and is in the poéition shown in Figurxe 1,

9



., a contact arm 46 that extends fromthe side of the base portion 44, is

bent to overlap the base portion 44, and further extends 25 upward; and a
tine 48 that extends formthe | ower end of the base portion 44 toward the
circuit board 8. Note that the expressions 10 up, down, left, and right

wi || be enployed for each figure, to facilitate the description. The
shapes of each portion of the contact 14 will be described in further
detail. As nost clearly shown in Figure 3C, 5 engagenent protrusions 56
(56a, 56b, 56c, and 56d), for frictionally engaging inner walls 54 of the
cont act houditegcuaped tnores ob240 gree § oraretleab® va cradieb 8D oystidven bgserpet i on
44 on both side edges 50 and 52 thereof. The contact arm46 is bent from
the side edddns® bf Ripmreade pordridnhédhabsmdénd Berdine, Elecambdes 3t m 46
extends further upward fromthe bend 58, and is bent toward the left of

Fi gure 3B. AcoomeattinpoportBd;s weifchhhatC markaceudle thperisurtdhacdGhorr
connecting wth the connecting portions of the |IC package 30, are provided
at the di st &heciel, edpcthicebhy aonngriedd cobt e arisel @8 fddmpeprbacta

sol der ball connection portion 62, to which a solder ball 64 is sol dered;
and a transilty-on portion 66, for linking the base portion 44 with the

sol der ball connection portion 62. The solder ball connection portion 62
is of a discoid Yh#be W&/ Fhgra andfbeerodnt g [sfErypiirerof Ha® cAAE28ESt he
sol der 20 bakl 64, and extends substantially parallel to the circuit board
mount i ng surfatelidPe AeScrikARg vibh HRFTFBEOCF FSRERS th&hrgugs, Figure

4B. Figure 2 is amagnifiedview of the portion indicated by arrow
42 of Figure 1, showing only the housing 2 and the contacts 14.
10 Figures 33, 3B, and 3C show the contact 14, which is utilized in
the IC socket of the present invention. Figure 3A is a left-side
view, Figure 3B is a front view, and Figure 3C is a right side
view of the contact 14 of Figure 2. Figure 4A is a plan view,.
and Figure 4B is a bottom view of the contact 14.
i5 First, with reference to Figure 2, it is clearly illustrated
that the contacts 14 are engaged within the contact housing
apertures 12 from the IC package mounting surface 6 to the circuit
board mounting surface 10 of the housing 2. Each of the contacts
14, as more clearly shown in Figures 3A, 3B, 3C, 4A, and 4B, is
20 constructed by punching and bending a single metal plate. Each
of the contacts 14 comprises a base portion 44 (fixing portion)
that extends in the vertical direction of Figures 3A, 3B, and 3C;
a contact arm 46 that extends from the side of the base portion
44, is bent to overlap the base portion 44, and further exténds
25 upward; and a tine 48 that extends form the lower end of the base

portion 44 toward the circuit board 8. Note that the éxpressions

10




. ball connection portion in substantially the sanme direction as that in

whi ch the contact point 60 is offset. The transition portion 66 wll be
described with reference to Figure 5. 25 Figure 5 is a partial magnified
view that shows the tine 48 of the contact 14 of Figures 3A, 3B, and 3C.
The transition 11 portion 66 conprises: a horizontal portion 66a that
extends substantially parallel to the circuit board nounting surface 10;
and a vertical portion 66b, which is continuous with the horizontal
portion 66a and substantially perpendicular to the 5 solder bal

connecti on p&rt idene2lefextand il demdtliloveotmpheyed afrsyi tdaoh gdoiren 66
will be described in further detail. A solder fillet 64a is fornmed, by
partial |y ndl&ddifaitgethepdeapeirthensol der ball connection portion 62 and
the solder ball 64 around the entire periphery 10 thereof, during sol dering
of the sol der baIFh64SBﬁPSStW§'§ﬁ#§érpob§f¢nc@ﬁn§@?i@wnﬁ@ﬂﬁiddIGQilBebause
the vertical, portion 66b, which is continuous with the solder_ball

connecti on PEREFAReE2IN TugthgE ARk pehd Bes e lepslBtdiowhanstiaine BRI et
64a does_not flow toward the vertical portion 66b. Accordingl t he

verti cal ° 15 SPIPORBRTE6 P FUIT NS ad0a 4BPder F94/ e oFor mtd orb §5PeveRP¥ng
portion. No consideéﬂa case iin which the transition portion 66 _extends

rightward f 6&Ffﬁ8n§ dePPBEPI"EotEEti -6t t1brP B2t Refiontipfar 8088 hown
DY e, DT OKaRoLbER 0l FLAN S-Spclichlle 2295120, Lhe BELIoIiLet 88
both side edges 50 and 52 thereof. The contact arm 46 is bent
from the side edge 52 of the base portion 44 at a bend 58. The
10 contact arm 46 extends further upwafd from the bend 58, and is
bent toward the left of Figure 3B. A contact point 60, which.has
an arcuate upper surface for connecting with the connecting
portions of the IC package 30, are provided at the distal ends
of the‘contact arms 46.

15 . The tine 48 comprises: a solder ball connection portion 62,
to which a solder ball 64 is soldered; and a transition portion
66, for linking the base portion 44 with the solder ball connection
- portion 62. The solder ball connection portion 62 is of a discoid
'shape having a diameter slightly smaller than that of the solder
20  ball 64, and extends substantially parallel to the circuit board
mounting surface 10. The transitionportion 66 offsets the solder
ball connection portion in substantially the same direction as
that in which the contact point 60 is offset. The transition

portion 66 will be described with reference to Figure 5.
25 Figure 5 is a partial magnified view that shows the tine

48 of the contact 14 of Figures 3A, 3B, and 3C. The transition
11



- bal | connection portion 62. Then, the surface tension of the nolten sol der
woul d cause the solder ball 64 to nove to the right, and cause it to be
fixed in a positionally msaligned state. As a result, the solder balls 64
and conductive pads of the circuit 25 board (not shown) beconme m saligned,
reducing the reliability of electrical connections therebetween. 12
Regardi ng the 1 C socket of the present invention, however, the sol der
balls 64 are always fornmed at their predeterm ned positions. Therefore,
there is no possibility that positional msalignment will occur. In

addi tion to gdreibhans tdddpidkli:0n 5Hé6izde 1S geroford NeesoLAst Bakbngs
connection portion 62 (slightly snmaller than the solder ball 64) also

wor ks to achiveseahhiallghaiadlen sbithe Fhatui 8,.bdNe abatthgtda-sRlden; bal |
connection portion 62 elimnates the possibility of horizontal novenent of

the sol der kald $4yetrhéreby eontikdbuteng o iaGC U at @cp@Sinh:baRi RE thlOthe
thereof. The transition portion 66 is not limted to being of the shape
shown i n Fi dwre zbnt¥War pousishapes amy heaongiidangdpeapernldorglas tbeyhe
prevent the flow of the solder fillet 64a. For exanple, a nodified contact
14, havihg @odidefrebehl| yoshapeibon Ioittiansidad.on portion, is shown in Figure
6. Figure 6 is a partial magnified view of a nodified contact 14a having a
transition porti oNe®8, vittch cape riartdloinned pbet toan$Baion Netwet itdmatecofvithebpart s
illustrated in Figure 6, those in coomon with the parts illustrated in

Fi gures 3A CRE6GgRe8 iit |Jurthededotadl. A solder fillet 64a is formed, by

partially molten solder, between the solder ball connection
pertion 62 and the solder ball 64 around the entire periphery

10 thereof, during soldering of the solder ball 64 onto the solder
ball connection portion 62. Because the vertical portion 66b,
which is continuous with the solder ball connection portion 62,
is formed perpendicular thereto, the solder fillet 64a does not
flow toward the vertical portion 66b. Accordingly, the vertical

15 portion 66b functions as a solder fillet formation preventing
portion.

Now consider a case in which the transition portion 66
extends rightward from the solder ball connectiorlportion.62'thén
upward, as shown by the broken lines of Figure 5. 1In this case,

20  the solder fillet 64a would flow toward the right from the solder
ball connection portion 62. Then, the surface tension of the
molten solder would cause fhe solder ball 64 to move to the right,

| and cause it to be fixed in a positionally misaligned state. As
a result, the solder balls 64 and conductive pads of the circuit
25 board (not shown) become misaligned, reducing the reliability of

electrical connections therebetween.

12




- 20 with the sanme reference nunerals in the foll ow ng description. The
transition portion 68 is inclined. Therefore, it is difficult for the
solder fillet 64a to fl ow upward al ong the inclinedportion 68a. That is,
it is difficult for the solder ball 64 to be pulled upward toward the
transition portion 68. In addition, the incline 25 portion 68a |inks the
base portion 44 and the solder ball connection portion 62 wth a shorter
di stance, thereby shortening 13 the electrical path. The transition
portion may be of a variety of shapes that discourage novenment of the

sol der fillet 64apd@y@dfthd REe! FARIIIKRNoE F?:%@i:?%‘s? On &Xammbe, flsafape of

the transition portion nay 5 be a conbination o e aforenenti oned

vertical pothkoBo6&brapd115he4i AELi AeFapOr kb PR$8 &éﬁf”ﬁ{éa{&é&mf&%

transition portion nmay be forned as an” arcuate shape that™ curves

di agonal | y ppwatdondeXizhete¥oe@ndraabadi et fs<iBe1REGSeRbei VSN Hy W | |
be described with reference to Figure 7. Figure 7 is a partial 10

magni fied vingwaSheihagt 646 1t beeudd Ofn hRieeBhaes thk @fahkquies fhti3B, and
3C, with an alternate housing 2a. In the second enbodinent, a protrusion

70 (prot5uskde fiof tdiar) ofavh® Gl ddy bangubain&EOssh $REIORN b3 addidrwnal |y
provided on the circuit board nounting surface 10 of the housing 2a. The
protrusi on #Walbei sthawvitdedsbaddirsbaulaga)mereniords tie solidere fidilet
64a toward the transition portion 66 of the contact 14. The protrusion 70
ext ends fromhthecféxisigipor Than o, tthe sizeuwifi theasd daubkilngeomiedEes 10,
that is, the base portion 44 of the contact 14, to
portion 62 eliminates the possibility of horizontal movement of
the solder ball 64, thereby contributing to accurate positioning
10 thereof. |
The transition portion 66 is not limited to being of the
shape shown in Figure 5. Various shapes l'hay be considered, as
long as they prevent the flow of the solder fillet 64a. For
example, a modified contact 14, having a differently shaped
15 transitiom portion, is shown in Figure 6.
Figure 6 is a partial magnified view of a modified contact
14a having a transition portion 68 with an inclined portion 68a.
Note that of the parts illustrated in Figure 6, those in common
with the parts illustrated in Figures 3A through 5 will be denoted
20 with the same reference numerals in the following description.
The transition portion 68 is inclined. Therefore, it isdifficult
for the solder fillet 64a to flow upward along the inclined portion
©8a. That is, it is difficult for the solder ball 64 to be pulled
upward toward the transition portion 68. Inaddition, the incline

25 portion 68a links the base portion 44 and the solder ball

connection portion 62 with a shorter distance, thereby shortening

13




. the sol der ball connection portion 62. Therefore, the distal end 20 70a of
the protrusion 70 prevents upward novenent of the solder fillet 64a when
it attenpts to flow along the transition portion 66. Accordingly, novenent
and deformation of the solder ball 64 is further prevented. Next, a

nodi fication of the protrusion will be described 25 with reference to
Figure 8. Figure 8 is a partial magnified view showng the tine 48 of the
contact- 14 with a nodified housing 2b. 14 Figure 8 shows a state in which
the shape of a protrusion 72 (protrusive portion) copies that of the
transition powt iedect@icaThphths, the protrusion 72 has a shape that is
conplenentary to the right side of the transition portion 66 of the

contact 14. 5 In rhesteass tiomgblrt ibhems) Yl readvI280f Jhanppatrusion 72
prevents novenent of the solder fillet 64a toward the transition portion

66. | n addi discouaapeoidwsicon ¢Byhbedleleresh 1 ned bes ReNsIidi0c s trifsition
conbination with the contact 14a having the transition portion 10 68
(refer to FipgutéoB) |Fogeesmplichothesaliapg ¢hathdl it iFIGATEBEt06n trhey
solder fillet 64a along the transition portion 68 can be prevented in this
case, al$o. benatddebirainiem offheh¢ raaitaidnieon ipoetl oast 66aanshB8 of s6Beand
contacts 14 and 14a may construct solder fillet formation 15 preventing
portions by thirehsel sl pakt howts See pehiit egnani tdiey s hapet ofn gilte dnopisi tigpr2.
However, by additionally providing the aforenentioned protrusions 70 and
72 to the h@ggil?@§oz§1ealn@|sgm arcuate shape that curves diagonally upward.

Next, a second embodiment of the present invention will be
described with reference to Figure 7. Figure 7 is a partial
10 magnified view showing the tine 48 of the contact 14 of Figures
3A, 3B, and 3C, with an alternate housing 2a. In the second
embodiment, a protrusion 70 (protrusive portion) having a
triangular cross section is additionally provided on the circuit
board mounting surface 10 of the housing 2a. The protrusion 70
15 isprovided to discourage movement of the solder fillet 64a toward
the transition-portion 66 of the contact 14. The protrusion 70
extends from the fixing portion of the circuit‘board mounting
surface 10, that is, the base portion 44 of the contact 14, to
the solder ball connection portion 62. Therefore, the distal end
20 70a of the protrusion 70 prevenfs upward movement of the solder
fillet 64a when it attempts to flow along the transition portion
66. Accordingly, movement and deformation of the solder ball 64

is further prevented.
Next, a modification of the protrusion will be described
25 with reference to Figure 8. Figure 8 is a partial magnified view

showing the tine 48 of the contact 14 with a modified housing 2b.

14




- the, solder balls 64 are enabled to be offset while nore effectively

preventing positional msalignnment. In this manner, the 20 protrusions 70
and 72 of the housings 2a and 2b al so function as solder fillet formation
preventing portions. 15 Clainms 1. A ball grid array |IC socket conprising:
an insul ative housing having an | C package nounting surface on one face
thereof and a circuit board nounting surface on a face opposite the IC
package nmounting surface and a plurality of contact housing apertures
extending fromthe IC package nmounting surface to the circuit board

mount i ng surfigoee 8ndhoesf agwiedet anr @bgve tacpkHbphbi by af peeptasisn and a
plurality of contacts, the contacts including contact arns that protrude
fromthe fir{grosunbace poraivndi ¢@sidonalakyorbenté wwnner: for peentiast 669
contact portions of an |IC package nmounted on the |IC package nounting
surface, fixXhag pertilomprdtamssngagingas ke shaper thas D ddig lphehabicyyt 6f
contact housing apertures, solder ball pads that protrude fromthe circuit
board nount ithg sdghaceiflerofoiiderimgsidalider pbatisnt fieret aeoroneannetii ng
to a circuit board, and transition portions provided between the fixing
portions2andnt kkisordee bal epadsthé odislisplean] Tgat ef shlederobalisi@ads2in
substantially the sane direction as the direction in which the contact
arms are beRESVRREPENIVeNRNY odntihe ismd deer £ibhst fadet hevardmira seahsitbon

stops for preventing fillets fromformng on the transition
portion B66.

In addition, a protrusion may be formed in the housing 2,
in combination with the contact 14a having the transition portion
10 68 (refer to Figure 6). It goes without saying that upward
movement of the solder fillet 64a along the transition pogtion

68 can be prevented in this case, also.
In this manner, the transition portions 66 and 68 of the
contacts 14 and 14a may construct solder fillet formation
15 preventing portions by themselves, without depeﬁding on the shape
of the housing 2. However, by additionaliy providing the
aforementioned protrusions 70 and 72 to the housings 2a and 2b,
the solder balls 64 are enabled to be offset while more effe'ctively
pPreventing positional misalignment. In this manner, the
20 protrusions 70 and 72 of the housings 2a and 2b also function as

solder fillet formation preventing portions.

15




- portions during soldering of the solder balls on the solder ball pads. 2.

A ball grid array I C socket as defined in claiml, wherein the fillet
stops conprise vertical portions of the transition portions substantially
perpendlcular to the circuit board mounting surface. 16 3. A ball grid
array_lE;QEcket as defined in claim1l, wherein the fillet stops conprise
inclined transition portions. 4. A ball grid array IC socket as defined in
claim1l1l, wherein the contact arns are bent froma side edge of the fixing

portions al.arbbadlapdiextendyupsasdckeemdohg hencg:5. A ball grid array IC
socket as defi ned in claim4, wherein the contact arns have an arcuate
upper surf@aBe FBFUlebhNEct PAGSHIEn BABiRGNt 8Bt sI6f PAGKATE paeRAyeing t he

di stakurends UntLoRaet BLHBBeoB fhdall %&'r%u%rtr Yok CaSagkeht 1

conprising: an insulative housing having an package nounti ng su?face on
one favefanerenf aaﬁécg CPPoitt ebddied It pad e smwﬂ:ratcmg)nsxarfea@@ apgposi te

t he | ti surf ce and lurality o ontact ho S|n .
apert%iggﬁggggﬁgng? ?%%Ffﬁe O&Slﬁgb?‘ép %%f%ﬂﬁ: 19 t f$CU|t
boardpaohagengoantﬁagesuamdcéombl@%@e%ﬂmtdfﬁﬁﬂdékdiﬁ%ﬁﬁ@&ﬂéyS@%f&QQtaCts
and a ﬁlural of contacts, the contacts including arns that protrude

from #He ???gfggﬁ?@aE@ FRC§1URdAr BétFBAALYy OBegontacts; and

a plurality of contacts, the contacts including contact
arms that protrude from the first surface in a undirectionally
bent manner for contacting contact portions of an IC package
mounted on the IC package mounting surface, fixing portions
for engaging the interiors of the plurality of contact housing
apertures, solder ball pads that protrude from the circuit
board mounting surface for soldering solder balls thereto for
connecting to a «circuit board, and transition portions
provided between the fixing portions and the solder ball pads
for displacing the solder ball pads in substantially the same
direction as the direction in which the contact arms are bent,

wherein the transition portions further comprise fillet
stops for preventing fillets from forming on the transition
portions during soldering of the solder balls on the solder

ball pads.

2. A ball grid array IC socket as defined in claim 1,
wherein the fillet stops comprise vertical portions of the
transition portions substantially perpendicular to the circuit

board mounting surface.
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- manner for contacting contact portions of an | C package nounted on the IC
package nounting surface, fixing portions for engaging the interiors of
the plurality of contact housing apertures, solder ball pads that protrude
fromthe circuit board nmounting surface for soldering solder balls thereto
for conneétidg ballh gimduidrimar 8¢ awtRatansbt idetipeid | dms clpiavi ded

bet we fixi.ng partions and the sol der, ball ,pads 17 for displ|acing the
soldegg%%gfnpa g“?n gﬁ%&?&nti%ﬁ?gﬁtfu?qgﬂﬁ%SQﬁ réEFgéﬁegs theafi¥et® on in
whi chpdheienat act arnms are bent, wherein the housing further conprises
protrusions that extend fromthe circuit board nmounting surface to the
ends of the solder ball pads for preventing fillets fromformng on the

transitiong pomti duri:ng riAg | der-.balls. on-.the | der

bal | pads.4$.AA]%£%} gf%g 5§$%§PI%ﬁsé%%%%ggo%%rg@?ﬁg%daﬁ“?ngﬂﬁgﬁVzﬁhousing
havi ngherelC pgdckagenteant isngns saréadermon dremf acestber eafg@ndra g cui t
boardffgugting tsurfac,ﬁ on a face oggosite the 1C package nounti ng surface
and a priof arPEYE8RS cBht AcPeRIu_i Ao &perturBYEaER: ERATIN G Er BRTERe | C
package nmounting surface to the circuit board nmounting surface and
configured to receive a plurality of contacts; and a plurality of contacts,
the contacts PndPabl ngrdentaaatay af s sdvdtetpr @8 r ded ifvedim ithe cflipist 4ur f ace

in awndisecticepal Ly, . bept nanne r contacti contact _portions_of an IC
package nounted on ?EeIPCapacka%%égnﬁﬁii%gggéggaég¥mFixF §EB6Ft i Bits
connecting with the contacts of the IC package at the distal

ends of the contact arms.

6. A ball grid array IC socket comprising:

an insulative housing having an IC package mounting
surface on one face thereof and a circuit board mounting
surface on a face opposite the IC package mounting surface and
a plurality of contact housing apertures extending from the IC
package mounting surface to the circuit board mounting surface
and configured to receive a plurality of contacts; and

a plurality of contacts, the contacts including arms that
protrude from the first surface in a undirectionally bent
manner for contacting contact portions of an IC package
mounted on the IC package mounting surface, fixing portions
for engaging the interiors of the plurality of contact housing
apertures, solder ball pads that protrude from the circuit
board mounting surface for soldering solder balls thereto for
connecting to a circuit board, and transition portions

provided between the fixing portions and the solder ball pads

17




- for engaging the interiors of the plurality of contact housing apertures,
sol der ball pads that protrude fromthe circuit board mounting surface for
sol dering balls thereto for connecting to a circuit board, and transition
portions provided between the fixing portions and the solder ball pads
for df3pl déiskgachagsdingersdialdr paalsl i padabsnantitaitan ttiled Isanehe diaeeti on in

i scoa Shaparnagi G0 STRESREPh; 161 RERER, ERarrer srfad AR 261 BERE ool der
bal | . 17a wherein the housing further comprises protrusions that
extend from the circuit board mounting surface to the ends of
the solder ball pads for preventing fillets from forming on
the transition portions during soldering of the solder balls

on the solder ball pads.

7. A ball grid array IC socket comprising:

an inclusive housing having an IC package mounting
surface on one face thereof and a circuit board mounting
surface on a face opposite the IC package mounting surface and
a plurality of contact housing apertures extending from the IC
package mounting surface to the circuit board mounting surface
and configured to receive a plurality of contacts; and

a plurality of contacts, the contacts including contact
arms that protrude from the first surface in a undirectionally
bent manner for contacting contact portions of an IC package
mounted on the IC package mounting surface, fixing portions
for engaging the interiors of the plurality of contact housing
apertures, solder ball pads that protrude from the circuit
board mounting surface for soldering balls thereto for
connecting to a «circuit ©board, and transition portions
provided between the fixing portions and the solder ball pads
for displacing the solder ball pads in substantially the same
direction in which the contact arms are bent,

wherein the solder ball pad is of a discoid shape having

a diameter slightly smaller than that of the solder ball.
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