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L OADI NG SOCKET FOR BALL GRI D ARRAYS FI ELD OF THE I'NVENTI ON The present

i nvention relates to sockets for surface nmounted, high pin count integrated
circuit packages, and nore particularly to test, burn in, and general

pur pose socPE@ 8793867 bal | grid array integrated circuit packBGEVSIHAYRCROUND
OF THE | NVENTI ON Surface nounted, high pin count integrated circuit
packages have been dom nated by quad flat packs (QFPS) with various pin
configurations, for exanple, |eadless, J- |eaded, and gull w ng | eaded.
These packages have cl osely spaced | eads for making electrical connections
distributed along the four edges of the flat packages. These packages have
becone Iimted by being confined to the edges of the flat pack even though

the pin to pin spacing is J0®|LOADING 'SOCKEY FORBARL GRIDEARRANS-kage,
a ball grid array (B&) is not so confined because the electrical contact
points are distributed over the entire bottom surfaces of the packages.
More contact points can be located with greater spacings than with the

QFPS.- These contacts are sol der bal | FIRLDCIOF aPHE INVENTION SOl dering of
t he packages onto a printed circuit board. BGA' s are popular alternatives

to QFP's. Sockets that accept BGA's are necessary for testing, burn-in,
re-progranmmi ng, and somneti ke fpnesgnbdoventionuralatescte socketst togr surfdce

circuit may need repl agolmtedieHRI ik USSURCRItESFatea v ardAE HatRuBRSP HhdY
more particularly to test, burn in, and general purpose
sockets for ball grid array * integrated circuit packages.

BACKGROUND OF THE INVENTION

Surface mounted, high pin count integrated circuit

- packages have been dominated by quad flat packs (QFPS) -
with various pin configurations, for example, leadless, J-
leaded, and gull wing leaded. These packages have closely
spaced leads for making electrical connections
distributed along the four edges of the flat packages.
These packages have become limited by being confined to
the edges of the flat pack even though the pin to pin
spacing is small. To address this limitation, a new
package, a ball grid array (BGA) is not so confined
because the electrical contact points are distributed over
the entire bottom surfaces of the packages. More contact
points can be located with greater spacings than with the
QFPS. These contacts are solder balls which facilitate
flow soldering of the packages onto a printed circuit
board. BGA's are popular alternatives to QFP's.

Sockets that accept BGA's are necessary for
testing, burn-in, re-programming, and sometimes for
production use where the “integrated circuit may need
replacing. Several such sockets have been developed by
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WD 97/ 03467 - PCT/ US96/ 11102 vari ous
smanufacturers to satisfy this need. Mst of these sockets are of a clam
shel | design, where a hinged top opens to all ow package entry, and cl osing

the top retains the gackage Wi thin the socket. The socket i %ﬁﬂgﬁ,‘%ﬂged of

contacts spad¥QP tch the BGA contacts and a top | ocated I'ng or
spring | oaded surface is arranged to press the package onto the bed of
contacts to ensure electrical connection for all the contacts. Sone of the
prior art BGA sockets align the IC contacts in holes in a printed circuit
board. The contacts are arranged to extend through the holes to the other

side of the printed circuit board re elgctri.cal .connect, qns_ar de.
Such an arrangenent of Wﬂ?%ﬁﬂ?ﬂﬂygl‘i‘i’é’%ﬁn °ac°‘5§'s€¥ ttﬁ'isnnﬁgpeimgﬁﬁ"zn €5€i ng
the BGA packages wit hi nsodieets areecof laaclameshellddesigablwhéreaauhinged top ai ni ng
heat in the BGA package [ t, ' y | \ '

si nks from bei ng di rect?@%&ﬁ%‘ﬁ_ %(ﬂﬁpf %%ﬂﬂ’ g}taa %ﬁggcﬁ%tﬂlrt%rra@?s
sockets may be adequat dheopagkage wikhincthe, $9c ﬁé 9%8&,“356'?9' gﬁﬁa%g'\‘?q)f
the many ﬁepggaAte aEd cofnpbatactd) spaced tcmatoh theeB&A toon‘talmsrand taCJk:jp and
extract the packag : ' | , and
unrel i abl e when used fgro c%#%&(;us trmﬁgféﬁz%@ﬁéga?%?g@%%ﬁ)%résh%r?%b Y

packages. Another |i ni tRrEssnther Package pniophie bedkes: sontacts do enswre; he
socket contacts place feleeticainéonhéction: foprdiidhe contaots.s Someli ofetheé on.

oeher Wi ol ar oo BHGE o BEK SENERIBHH IR T s o
printed circuit board. The contacts are arranged to extend
through the holes to the other side of the printed circuit
board where electrical connections are made. Such .an
arrangement of surrounding the contacts within holes and
enclosing the BGA packages within the socket has the
undesirable feature of retaining heat in the BGA packages
during test or burn-in, while preventing heat sinks from .. &
being directly mounted onto the BGA package. _

Such prior art sockets may be adequate for small
scale handling of BGA, but, because of the many separate
and complex physical actions needed to insert, test, and
extract the BGA package, such clam shell sockets are:
costly, unwieldy, and unreliable when used for production
processing large numbers of BGA packages.

Another limitation of available BGA sockets occurs
since the socket contacts place forces onto the IC
contacts in the same direction. These forces drive one
side of the package against an abutment of the socket.
With a large number of contacts this cumulative force of
many spring loaded contacts is very large and may
physically damage the package.

It is an object of the present invention to provide a
BGA socket needing few and simple physical operations to
insert and extract an IC package. A related object of the
present invention is to provide means for retaining the
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many spring |oaded contacts is very large and may physically damage the
Ppackage. It is an object of the present invention to provide a BGA socket
needi ng few and sinpl e physical operations to insert and extract an IC
package. A rel ated object of the present invention is to prQyl for
retaini ng t hWO-9303467 \n\p 97/ 03467 . Pr B¢rfiRodite

PCT/ US96/ 11102 BGA package while providing |low el ectrical resistance
connections between the balls and the socket connections while operating

wi th vibrations, nmechani cal shock and tenperature variations. Yet another
obj ect of the present invention is to provide a socket where the | ower part

of the BGA ball contacts are not contacted sych that the, ball bottom
surface is unaltered oP@Rf B?a'ﬁﬂ%d”n‘?'?%tprpﬁféaj'ﬁ%ﬁf%cﬁlﬁﬁﬁ'%?l eSIBANGE | npai r
for soldering to a pri gbareciionsibetweendthe baflscand uthe Sockét eodnestionst is
anot her object of the e ' ty - ovd d H&at e ere are
only substanti al mechagjlhi% %#’g?%%@o‘%’ﬁﬁhgmé e%éa’l an%nt aé?ls sangknghg on the
BGA package itsel f. |t temppsatugovMdsiati)®ct of the present invention to

provide a BGA socket w th nyepksriothet iobject bhitheepredent biaventioneid taen
ot Tt by act | BRoUR £ SackaE iere, e Iowa RRiE By the S collicY! de 2
- contacts are not contacted such that the ball bottom
surface is unaltered or deformed so that the BGA package
will not be impair for soldering to a printed circuit board
or other such final end use.

It is another object of the present invention to -
provide a socket where there are only substantial
mechanical forces of the BGA ball contacts and none on
the BGA package itself.

it is yet another object of the present invention to
provide a BGA socket with no obstructions that-need to be
avoided when inserting and extracting the BGA package.

It is another object to provide a BGA socket that
provides superior heat dissipation capabilities.

SUMMARY OF THE INVENTION

The foregoing objects are met in a socket for test
and burn-in of ball grid array packages including a top
structure defining an opening large enough to allow the
grid array package to pass through with the ball contacts
facing downward, the ball contacts defining a plane. For
descriptive purposes herein the end of the ball contacts
remote from the BGA package body is considered a bottom
pole and the top of the ball contact connected to the BGA

. package a top pole with meridians running between the
poles and an equator encircling the ball equidistant from
. the poles. There is a plurality of electrical contacts fixed

-3-




SUI\}NARY OF THE | NVENTI ON The foregoi ng objects are net in a socket for test
@and burn-in of ball grid array packages including a top structure defining
an opening |large enough to allow the grid array package to pass through
with the ball s facing dowmward, the ball contacts de | ane.
For descri pt |‘U§g%$§%ses herein the end of the ball cont actsgbg)rﬂ%%éﬁf‘

t he BGA package body is considered a bottom pole and the top of the baII

contact connected to the BGA package a top pole with neridians running
bet ween the poles and an equator encircling the ball equidistant fromthe

poles. There is a plurality of electrical contacts fixed -3 - WO
97/ 03467 [ US96/ 11102 t o said socket
with a first end, havin¥ é&{f&§°i°he%1“ﬂvb13ef'|’%de@%93¥m9 98FrBnBed to mate

with the ball contacts, preferredalembqdimentiartanded tghmuate ewitht theo gl whi ch
said electrical cont act?‘oﬁf&tcfgd, anI'idBtﬂg gméllﬂﬂﬁ ggwgﬁnh&lé%afth; nqﬁznds

and the edges of the ho means arran cene
said slidable plate in Whigh egaidnel E&Fréﬁq ePOWams sextang) afﬁ@'“?"!ﬂjlﬂnqmngﬁe

' ogem ng, ksuch that an Ibétwmgng fBaAelnabl anartheCédgés Qgﬂhbrhdlds?tﬂﬁﬁsthe
hol'es. There are apri ngaitendBdr priviRgCe: Aibofskinghs 36 o0 alod, flar
ball. In a preferred entfod Wﬁpﬂobaﬁaéﬁlwawt seigh plane reducing: theans for
di spl acenent of the sligpéhingp!sich that an interposing BGA ball contact is
- captured between the edges making contact with the ball
above the equator and the sides of the holes. There are
spring means for maintaining the force on the captured
BGA ball. in a preferred embodiment, cam and axle means
provide the means for displacement of the slidable plate.
Means are provided for driving the cam axle to compress
the spring means thereby providing a larger opening
between the sides of said hole and each of said electrical
contacts, said larger opening suitable for accepting the
ball contacts, and means ‘for removing the driving force .
whereby the spring means acts such that said ball
contacts are driven into electrical continuity with said
electrical contacts.

In a preferred embodiment the socket electrical
contact includes a cupped and bifurcated or forked end.
The forked extensions have edges which contact the BGA
ball contacts above the balls' equator providing a detent
action on the ball contacts which are thereby retained.
The edges are arranged, in a preferred embodiment, to
engage the ball contacts on either side of a meridian.
When such connections are made to the ball contacts the
BGA package is retained in the socket and the socket is
arranges such that forces on the ball contacts are the
only forces on the BGA package. The frame lever arm or




Means are provided for driving the camaxle-to conpress the spring neans

it hereby providing a | arger opening between the sides of said hole and each
of said electrical contacts, said | arger opening suitable for accepting the
ball contacts, and means for renoving the driving force whe g? &?ﬁ ring
means acts NRR™MMEE said ball contacts are driven into eleg %@a 10"
continuity with said electrical contacts. In a preferred enbodi nent the .
socket electrical contact includes a cupped and bifurcated or forked end.
The forked extensions have edges which contact the BGA ball contacts above
the balls' equator providing a detent action on the ball contacts which are

t hereby retained. The edges are arranged, in referred enbodi ne to
engage the bal | cont adi% '%rncgi'f‘h‘é‘-?"@Fgé!v'm taﬁkﬁﬁdpaﬁka% e, dhe rEGA

connections are nade tpadkagedis Isocrathineds in theBs¥ekptckage is retained in
t he socket and the socket is arranges such that forces on the ball contacts

are the only forces on the bt : r WO
97/ 03467 | , IHCEn , “preferred ng’afﬁ%géﬂsgws not in
contact with the BGA glisRlagemenl,is R forge (dirated jvertcalheareugh ithe he
socket. In another prdhtagratedndiecliitrtetowardsetivegplandowhaireip) dhenball i s a

force directed vertic k h 'n{fﬁg Ci i tﬂ%@( St ane
wherein the ball cont Z%:‘%Mﬁépéfil&\?@r?hi ﬁ}tg eh‘t?'tk?‘r?@&‘ghbﬁégfabdan r?%kgsggg %arger
opening for entry of the ball contacts. The first end of the
contact is cupped to provide a detent action by the cupped
end as the ball contact is driven into the opening.

In a preferred embodiment, the means for driving
the slidable plate containing the array of holes includes
the cam axle rotated by a top structure lever arm
extension in contact with a cam axle handle, the lever
arm extension is angled above the socket, and where the
lever arm extension is arranged on the periphery of the
socket such that the lever arm extension does not
interfere with the open top insertion and extraction of
the integrated circuit, and where the 'Ie\(er arm extension
has a surface in contact with the can axle handie such
that depressing the lever arm extension enlarges the
distance between the ball contacts and the opposing
surfaces of the corresponding holes such as to allow
insertion or removal of the ball contact into the hole. The
lever arm extension has guide surfaces chamfered to
align the BGA package with the electrical contacts of the
socket with the lever arm extension depressed, and
further that the lever arm extension when not depressed
‘do not contact the retained BGA package. The top
structure open to allow coolihg air to circulate around
the BGA package and/or heats sinks to be attached
thereto.




opening for entry of the ball contacts. The first end of the contact is
‘cupped to provide a detent action by the cupped end as the ball contact is
driven into the opening. In a preferred enbodi nent, the neans for- driving

t he sl i dabl I ontaining the array of holes includes t m. axl e
B sk L WFERER, o

rotated by a ructure | ever armextension in contac

handl e, the | ever armextension is angl ed above the socket, and where the

| ever arm extension is arranged on the periphery of the socket such that
the | ever arm extension does not interfere with the open top insertion and
extraction of the integrated circuit, and where the | ever arm extension has

a surface in contact with the,.c dle such. that. depressi ng the

| ever arm extension enl ar_ge@' Fhép%‘lgﬁeig@%%‘ﬁ therepis @ kgsionals and the
opposi ng surfaces of tepringrthetgeturnadtheoces axten handie aaid tive ilever aron or
renoval of the ball cogimmsioniie the ihﬂlaz- aﬂ@%d‘ g\b‘%ﬁi m ﬁiﬁé%% ?é‘%égﬁén

gui de surfaces chanfered,to ali the elec

t B I,
contacts of the socket Wit ROt f¥ r}@§£?°'§teﬁl Eg? agio hig action: dotaigg ther t her

that the lever arm exteami whicihalisplacedethe slidabiio plate whithcdrivée thet ai ned
BGA package. The top s éygjdgi t I ok AtRO#Y I | J3C

around the BGA packageﬁ;grh/or ?%% stfhr! 5°?'\§é F hﬁﬂttaa(t: edeltg_ﬁg?de 'o&'-w??:ts WO
97/ 03467 of the socket. The position of the socketswith the lever

arm extension is depressed is termed the open position.

Other objects, features and advantages will be
apparent from the following detailed description of '
preferred embodiments thereof taken in conjunction with
the accompanying drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view of a preferred
embodiment of the present invention in the BGA engaged
position; .

FIG. 1B is a perspective view of a preferred
embodiment in the open position with the frame/lever
depressed;.

FIG. 2A is a side view of the slidable plate, socket
contacts, BGA ball contacts, and the cam axle in the rest
position; .

FIG. 2B is a side view of the slidable plate, socket
contacts, BGA ball contacts, and the cam axle in the open
position; -

FIG. 3A is a side view detail showing the ball
contact and the socket contacts with the socket in the
open position;

FIG. 3B is a side view detail showing the ball
contact and the socket contacts with the socket in the
engaged position;




In a preferred enbodiment there is a torsional spring that returns the cam
axl e handl e and the |l ever armextension to the initial angled position -
the rest position with no external forces exerted. This action rotates t he
cam whi ch dlw the slidabl e plate which drives the mtE&)

ball contactsi'nto ghe el ectrical contacts of the socket p05|t|on of
the socket with the | ever armextension is depressed is terned the open
position. O her objects, features and advantages will be apparent fromthe
followi ng detail ed description of preferred enbodi nents thereof taken in
conjunction with the acconpanying drawi ngs in which: BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1A is a p p I ye efgrre ment of the
present invention in the BG?A@ 8 % %@gcgke géﬁ ﬂlﬁmglspectlve
view of a preferred enbifuraated s$ec etecepmtpwahtsbammadgqme franme/ | ever
depreesed;. FIG 2Ais a S'F'E:\VSGN/ #ftop \iew! otdabQGADtééteanécumﬁim%MﬁS

BGA ball contacts, and axI in_t St on: 2B 1s a side
view of the slidable p?é ngs ﬁe? Et%ur %&pﬁilﬁ c&?t‘?a?:tf‘éduéﬁd the cam
axl e I'n the open posi tframeFI G 3Ais a side view detail showi ng the ball
contact and the socket contpkgsem fshat §Wg§ danint ﬁdggp?aagg?éll%" FI G

3Bis a side view detail sh vmn cotact |a % ocke 8ontacts
with the socket in theconta et cont top plate in the engage
posmon,

FIG. 6B is a top view of an individual package ball
contact, socket contact, and top plate in the open
position; and

FIG. 7A, 7B, and 7C are cross sectioned views of
another preferred embodiment of the interaction of the
socket contacts and the ball contacts of a BGA. '

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1A and 1B are perspective views of a socket 2
made in accordance with the present invention. The
socket itself is constructed for dielectric insulating
materials, that are well known in the art, and the
electrical contacts 12 are made of materials that are
also well known in the art. There is a slidable plate 3
populated with through holes 14 where elongated -
contacts 12 extend upward into each hole. in this
embodiment, the top structure includes an extension a
lid, which forms a lever are 4 that pivots along one edge
of the socket about a lid axie 13 constructed opposite a
cam axle 6 that traverses the socket. The portion of the
lid remote from the lid axle is arranged to contact slide
pins 8, or, alternatively but not shown, cam handle
rounded surfaces 9 located at the ends of the cam axle
handles 5. The contacting rotates the cam axle during the




engiaged posi ti on'; WO 97/ 03467
PCT/US96/ 11102 FIG 4 is a perspective view of an individual bifurcated
socket contact with sharp edges; FIG 5 is a top view of a BGA test and

burn-in soc bgg};;%ng the alignment surfaces of the top st rgt /ﬁ%@/ﬁl‘iﬁm

FIG 6Ais a w of an individual package ball contact,

contact, and top plate in the engaged position; FIG 6B is a top view of an
i ndi vi dual package ball contact, socket contact, and top plate in the open
position; and FIG 7A, 7B, and 7C are cross sectioned views of another
preferred enbodi nent of the interaction of the socket contacts and the ball

and 16 are per spect  ve Sk SPMIG probesd, Ths JaVkF Arm 4.1, Hbtiaftired

present invention. Theasoekame asound sheoperiphencofitbe spckaicexienal
|nsul ating materials, ¥fsth 1AeCBEA pakkage indoftih Arba 2010ThG carerd idfcal

contacts 12 are e oledhah Ay it aﬂtﬁe?ﬁﬁ&?@, evey Betnele erBlesRga: ed
contacts 12 extend upwsudfacesolBahat iguide the patkagaigidintonthe shokebpin
structure includes an gxf gighdd position. FIG. 1B shows the socket in the open
position, the frame lever arm is depressed to be parallel
with the plate 22. A BGA package comes into contact with
the chamfered edges which positions the corners of the
BGA package such that the ball contacts 16 each enter a
corresponding hole in the plate. )

When inserting or removing the BGA package from
the socket the frame lever arm, as shown in FIG. 1B - the
open position, the frame encircles and does not encroach
on the area 20.so as to not interfere with the BGA
package insertion or removal.

In FIG. 1A, the cam axle torsion springs 10 act to
return the cam axle handles 5 and the frame lever arm 4
back to the BGA engaged position - where the BGA
package, if inserted, is retained in the socket. The frame
lever arm 4 extends beyond the cam axle 6 to provide a
large press down area 25 for ease of operation. The frame
lever arm travels upwards until stops 26 built into the
base stop the upward travel.

FIGS. 2A and 2B show operation of the cam axle 6.
This preferred embodiment is one example of the many
variations of cams, cam followers, cam handles with
spring actions known in the art. Referencing FIG. 2A the
cam axle 6 is positioned at an angle to push the strike
plate 7, that is attached to the slide top plate 3, to a
position corresponding to the largest radius 18 of the




Iid, which forms a lever are 4 that pi vots al ong one edge of the socket
-,about a lid axle 13 constructed opposite a camaxle 6 that traverses the
socket. The portion of the Iid renote fromthe |id axle is arranged to

contact sli or, alternatively but not shown, ca g¥'nded
surfaces 9\95824"3“3’at the ends of the cam axle handl es 5. emc%n% acting
rotates the cam axle during the -7- WO 97/ 03467

PCT/ US96/ 11102 socket opening process. The lever arm4 is manufactured as a
frame around the periphery of the socket external fromthe BGA package
I nsertion area 20. The corners of the inner surfaces of the frame | ever arm

have chanfered surfaces 15 t 2

al i gned position. FI Gea fB%‘FﬁJ\?\gK?hg %Q‘g?qﬁ%kﬁ%@e %glﬁPﬁgf %giggﬁ :‘paﬁg

| ever armis depr essedmvw@ﬁatalagaln% the top plate 8. Jthe sapwadie k aie

the BGA package. such HE T he el ot ot i Sa e ’t"‘é’“'a‘t@p“@mff o
en correspondin

hole in the plate. é' i RASI W%rp?@i]ﬁv%ﬁ g? B@ B%&aﬁ g1 o

sock&t the frame | evethertop plateireturn sSprAng 11 ovmghéhe)riep pladet3on, the

frame encircles and desgapPthé W e B! frr' lg?%nz %ﬁﬂoﬁssﬁcﬂmﬁ‘% Fig.erfere

with the BGA package i oA i on o | Fa
'springs 10 act to ret @th et Umaxheq\égﬁﬁ?&o%ﬂ mrﬂegéeg or5| on

contacts 12 are against one wall of the hole to allow the
ball contacts 16 to enter or exit the holes. The ball is
positioned b between the socket contacts and the
opposing surface of the holes 21. The top plate return
spring 11, as shown, can be positioned at different .
locations along the top plate edge remote from the cam
axle, or several springs may be positioned along this
remote edge. Also a coil spring 11 is shown, but leaf
springs or other such springs known in the art may be
used.

- Referring back to FIG. 1B, the frame lever arm 4 has
chamfered surfaces 15 which engage the corners of the
BGA package 21 and guide the package to align the ball
contacts 16 with the holes 14. With reference first to
FiIG. 2B and then 2A, the movement of the top plate 3

 moves the hole surfaces 21 move the ball contacts into
the socket contacts 12 making electrical connections
thereto. The travel distance of the top plate 3 is
determined by the different between the cam axie outside
radius 18 and the distance ( at 90°) from the cam flat 17

" to the cam axle center of rotation. The cam handle torsion
springs 10 return the cam to the engaged position after
the removal of the downward pressing force on the frame
lever arm. The top plate is retained in the plane paraliel
to the base 2 by any of well known in the art mechanical
designs. The socket contacts 12 extend downward through
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back to the BGA engaged position - where the BGA package, if inserted, i s
-retained in the socket. The frame | ever arm 4 extends beyond the camaxle 6
to provide a |large press down area 25 for ease of operati-on. The frane

| ever armtr @ wards until stops 26 built into the bas sé? t he
upwar d traveiii.a . 2A and 2B show operation of the cam axl‘?'é'.r .Sgﬁ’H‘gz
preferred enbodi nent is one exanple of the many variations of cans, cam
foll owers, cam handles with spring actions known in the art. Referencing

FIG 2A the camaxle 6 is positioned at an angle to push the strike plate
7, that is attached to the slide top plate 3, to a position corresponding

to the largest radius h .

bCT] US96! 13102 cam axl 4 g{aﬁte ?@gﬁﬁéﬁ@@éﬁgﬁﬁéwq SRYNUNG, OFte B e g
downward flat agai nst shiderig teapented vireutanbaards.6 via the cam handle 5
Is rotated as shown. The flat of the cam 17 is positioned parallel to the

iate 3 tovard { he cam ax| oSHll TletRB BLEID A Brch FIGo AR, fertremes, ( he
through hol es are posi levaredrmuch lidh4t is limitext it its apwearids diréctiba bgai nst
ol s The ball i Soéﬁr?'%@ﬁs;f?g &t o6 Bl cho Ye Bafd £ Thp Sofber '
opposi ng surface of th8egiPRID ot the lid angagescar siide pir B ithgt travels shown,
can be positioned at dfrbirethetcdmdsandless alrdes theeldwer Bbatien ey ®f Pt €
fromthe cam lid. The embodiment the pin 8 does not traverse the entire

socket, however, there is another pin, not shown, on the

corresponding other side of the socket that engages a

corresponding lower section of the lid. In another

preferred embodiment, mentioned above and not shown,

the lid lower section engages the rounded surface 9 of the

cam handle 5. '

FIG. 3B shows an individual top plate hole with an -
opening 15 with a BGA package inserted in the engaged ~
position. The holes have walls 21 that have been moved as
shown comparing FIG. 3A to FIG. 3B, and as described
above, to contact the balls and to move the balls into
contact with the socket contacts 12. The force on the
balls causes the socket contacts to deflect so as to make
reliable electrical connections therebetween and to
secure the balls and so the BGA package to the socket. The
‘socket contact deflection is seen by.the movement of the
surface 20 of the socket electrical contacts movement
away from the housing structure 32. The length of the
contact is designed along with the details of the size and
of the socket contact to ensure proper spring force of the
deflected socket contact. These are the only forces on the
BGA since, as seen in FIG. 2A, the frame lever arm has
moved above and away from the BGA package. -
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axl e, or several springs may be positioned along this renote edge. Also a
coil spring 11 is shown, but |eaf springs or other such springs known in
the art nay be used. Referring back to FIG 1 B, the frane | ever arm4 has
chanfered surfaces 15 which engage the corners of the BGA package 21 and
gui de the paW™OXJ®3463 align the ball contacts 16 with the hol’&"ﬁ?‘"W?h
reference first to FIG 2B and then 2A, the novenent of the top plate 3
noves the hole surfaces 21 nove the ball contacts into the socket contacts
12 making el ectrical connections thereto. The travel distance of the top
plate 3 is determined by the different between the cam axle outside radius
18 and the distance ( at 90) fromthe camf{flat 17 to the cam axle center .of

rotation. The cam handl e t oS §88RdR; K2 3B tha end ehihe sockst wlectdsghged

Pever, arm' The 10 bl acg 5 e B i e AR Rl Gl ABEed i 2 ©
any of well knownpilr[]) t%@"k@% cﬁ\b é;n cdaﬁ?“%‘g‘?@hgwf@z t@%cﬁép @o%p§¥$2ﬁ% ’
ext end downward t hr ouglimaginary euuateproef1éiye bali near where the ball is

PCT/ US96/ 11102 t he bas@oAnabtedid the 5@” Pmrthgoaquigle%ﬁézﬂé a'gﬁig .
%

soldering to printed cigcuit boards. Still referring t
1B, the frame |ever ar d;r&c,qu cP"Z‘_"?'QgI Pﬁ#’?@oofh"? t%nc%p\ﬂgr eyBPEkeY on by two
stops 26 that are buil contacistard thechole Bide |wakrpinches the ball contacts

so as to prevent vertical movement of the ball contacts

and the BGA package itself.

FIG. 4 is perspective view of a representative
socket contact 12. The cupped or angled end 24 is
bifurcated or forked. There are sharp edges 23 that
penetrate any oxide layer to assure good electrical
contact between the ball contacts and the socket
contacts. '

FIG. 5 shiows a top view of the frame lever arm or

lid 4. The chamfered guide surfaces 15 engage the comers
of the BGA package to guide the ball contacts into
alignment with the holes 14 in the slidable top plate 3.
The socket is in the open position with the lid 4 flat
against the top plate 3. This is evident since the lid has
moved away from the stops 26 that limit the upward

~ travel of the lid via the torsional spring action describe
before. A force is pressing down on the surface 25
against the torsional springs.

~ FIG. 6A and 6B are top views of the openings and
"holes 14 in the slidable top plate 3. FIG. 6A shows the
' socket in the engaged position and FIG. 6B in the open
position. There is a ball contact 16 and a socket contact
12 shown. In FIG. 6A the line 50 represents the position .
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section 10 of the Iid engages a slide pin 8 that travels fromthe cam
handl e 5 under the | ower section 10 of the Iid. The enbodi nent the pin 8-
does not traverse the entire socket, however, there is another pin, not
shown, on the corre%ponding ot her side of the socket that enga es a
correspondi nYQ ¥Mp67section of the Iid. In another preferred S |
nment i oned above and not shown, the lid | ower section engages the rounded
surface 9 of the camhandle 5. FIG 3B shows an individual top plate hole
with an opening 15 with a BGA package inserted in the engaged position. The
hol es have walls 21 that have been noved as shown conmparing FIG 3A to FIG

3B, and as descri bed abo t 0 contact o nmove e bag]ls into
contact with the socketoggh?ﬂ‘?@ gisle ’ﬂ?i‘hﬁHP{i@@eog?twg b8 Soekel in Eﬂ"

socket contacts to deflepens;msmon oThakdistariceal] is the moverénic caused ibyn

t her ebetween and to se I g et
The socket contact def Icftial{etlon éﬁé rﬁtﬁ@ﬁk ?%eagg(\}/%%%&f ﬁ%ﬁeg Fégéogt
the socket electrical ceentastdhao @“{Eﬁﬂ! Jneyes rthe tall MQSQQﬂjaﬁ with dhe 32
The length of the cont agdcket d@ﬁte@t\@ll AR then thovBs thet sbmbirmiticrh ®ali ze

Socker contact - Those diad; feSka cBrRAnieY BeainE e, ddkkelCeaMiakey, o
2A, the frame lever ar rﬂaaghﬁoebafmmsaﬂa coptpct then baik nmakingareliable - 10-
electrical connections.

FIG. 7A show a section drawing of three ball
contacts 40, adjacent to the openings of three through
holes 42 in the plate 3. The electrical contacts 12 extend
through the holes 42 to a point adjacent the ball contacts.
The distal ends of the electrical contacts 26 extend
through the plate to locations where electrical
-connections can be made to the test or burn-in equipment

~ (not shown). FIG. 7B shows the plate 3 moved left by an
amount 44. In this instance there is a vertical force on
the ball contacts 40 that drives the balls into the ends of
the electrical contacts 12. The ends 46 of the contacts 12 .
are counter bent outward to facilitate the balls 40
driving the contacts 12 from the position of the contacts
12 in FIG. 7A to the position of the contacts 12 shown in
FIG. 7B. The opening of the holes are enlarged by the
amount 44 such that the ball contacts 40 enter the holes,
as shown. FIG. 7C shows the final engaged where the ball
contacts are retained by the upper cupped edge or lip 30
of the ends of the electrical contacts 12 and the opposing
surface 32 of the hole. The electrical contacts 12 make
physical contact with the ball contacts 40 establishing
electrical conductivity therebstween.

it will now be apparent to those skilled in the art

-12-




WO 97/ 03467 , -PCT/ US96/ 11102 As seen in
FIG 3B the end of the socket electrical contact 21 is cupped 25 such that
the portion of the socket contact nmking contact with the ball is above the
i magi nary eq of the ball near where the ball is connect he body
of the BGA px{%g@%“h self. This directed pinching action of ?‘&gh&f?ﬁl% t he
socket contacts and the hole side wall pinches the ball contacts so as to
prevent vertical novenment of the ball contacts and the BGA package itself.
FIG 4 is perspective view of a representative socket contact 12. The
cupped or angled end 24 is bifurcated or forked. There are sharp edges 23
t hat penetrate any oxi c{ﬁ kg%lsr to Ssaure t(g_’oo.d el ectrical confact between
the ball contacts and tH& RE{epBAtiReRts, dmprovements, detajls \andyuses; ne
frane lever armor |id can tiec maderfoonsistgnt dwiths théaletter 1&ne ngpEigt dfhthe
corners of the BGA pac@ﬁfiﬁ?galéﬁ’#ﬂsgg | wiRRM qﬁ%s dHeoo?l frﬂ@?ﬁ'lten‘ffth
ic |

e he sqcket.,Is I n the open
position with the lid M '%SEVM Ry PUpﬁlﬁ 39&"&'"9]'??'%'"?% eongiHedsi nce
the lid has noved away ifr accordanseowith2 the hpdtent rtatw, tinel rthet doctlingf
the lid via the torsiongl e@g%gn&ction describe before. Atorce is

pressi ng down -on the surfac agai nst the torsional springs. FIG 6A and
6B are top views of the openings and holes 14 in the slidable top plate 3.
FI G 6A shows the socket in the engaged position and FIG 6B in the open
position. There is a ball contact 16 and a socket contact

the holes 14 in the sli e, ?d
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12 shown. In FIG 6A the line 50 represents the position WO 97/ 03467
-PCT/ US96/ 11102 of the hole side wall surface 21 with the socket in the open
posi tion. The distance )L_l_s_t_her—m#en%ﬂt—e&used by the cam axl e rot atlon as
descri bed ab surface 21 conta and noves t

cont act vmthg%/%ge.’m-s];ﬁ‘gket c rl“ﬂllt“ Il ﬁiﬂ M rmves t he conbi r#ﬁ’@%‘}ﬂé and
socket contact farther defll t contact 12. The sharp edges 23
contact the ball making reli able el ectrical connections ELG _7A show a
section drawi ng of three ball contacts 40, gdjHigeSHEETOHADBEENgNI ngs of
three through holes 42 in the plate 3. The gl ectriggp| p@ptacty 12 extend

t hrough the holes 42 to a point-adjacent thé e distal ends
of  the electrical contacts 26 extend through the plate to | ocat i ons wher e
el ectrical connections can be nade to the test or burn-in equi pnent (not
shown). FIG 7B shows the plate 3 noved | ef tCBAIM® arount 44. In this

I nstance there is a vertical force on the ball contacts 40 that drives the
balls into the ends of the dVhat is clhinteditiacts 12. The ends 46 of the -

contacts 12 are counter belnt Omﬁfrsq}cketff%?'thgﬁﬁdtiﬂ_ﬁgpalfkég?%egri ' ﬁthe

contacts 12 fromthe positi'on of the, contacts tlon
of the contacts 12 shoRRGKROESGCOMPrSIAG: openi ng of the hol es are enI ar ged

by the anount 44 such that tghehbasingcwithaat top!@trectre Wﬂh anl opening shown.

FIG 7C shows the finali, (loaeloh 'ty GIIbWFtHE'grid array package to pass
through with the ball contacts facing said socket, the ball
contacts defining a first plane,

a slidable top plate with through holes arranged to
receive said ball contacts,

a plurality of electrical contacts fixed to said
socket with a first end having at least one edge arranged
to mate with said ball contacts, and where said first ends
extending into said holes in the top plate from a direction
opposite the ball contacts, and where the distance
between the electrical contact and the edges of the
through hole define an opening,

a spring means arranged to provide a force on the
top plate in a direction parallel with said plane, where
said spring means acts to reduce said opening,

means for driving the top plate to compress said
spring means wherein said opening is enlarged for
accepting the ball contacts, and wherein with said ball
contacts inserted into said openings and with said spring
means forces said top plate to reduce said opening said
ball contacts are secured between said edges of said
socket electrical contacts and the opposing surfaces of
said holes thereby retaining the ball grid array package in
said socket .

et Has Been Reiaced -14-
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con't acts are retained b ed edge or lip 30 of the ends of the

-el ectrical contacts 12 an e opp05| ng surface 32 of the hole. The

el ectri cal cont acts 12 M m\"ﬂ I, ct with the ball contacts 40

est abl i shi n tr| cal between. It will now be apparent
to those ski Wthe art 12+ WD 97/ 03467 PCT/USS6/11102

PCT/ US96/ 11102 t hat ot her enbodi nents, |rrproverrents det ails ang us;as can
be made consistent with the letter and S orege ng di scl osure
and within the scope of this patent, q H@ gHE’ﬁLTJt ﬁéoqﬁE by the follow ng
clains, construed in accordance with the fpat entREPRAGED ncl ud ng the doctrine
of equivalents. -13- -14- What is clained is: 1. A-Socket for ball

grid array integrated cirguit packages, co r'.si a housing with a top
structure with an openi ndl ar ge%ﬁ@ggﬁ ﬂ?nBP tWecb‘('md1aW gleipagtaidge to
pass through with the meahsclontdrivingfthe top plate coaimises ha ¢amatingur f aces
of the ball contacts %{g{ did'and Bh' ag téﬂbaﬁnl a slidable top plate with

t

t hrough hol es arrange 0 recelve sadl cont act s, a pI urality of

el ectrical contacts fixed, to saiyd _sa a,firs Vi n | east
one edge arranged to mat&with &secgﬁf gﬁ ingddin glai eWE ﬁosa'ﬂrst
ends first end of said electrical contact comprises a cupped

surface such that a detent action occurs as cupped
surfaces engage the top of the ball contacts above the
equator of each ball contact such that the ball grid array
integrated circuit package is retained in said socket. .

4. A socket as defined in claim 1 wherein said
edges on said first end of said electrical contacts
comprises a bifurcated or forked extension with two
edges arranged to mate with and engage said ball
contacts where each of said edges engage said ball on
either side of an meridian of each ball.

I

5. A socket as defined in claim 1 wherein said
top structure comprises: a frame arranged on the
periphery of the socket such that the frame does not
interfere with the open. top insertion and extraction of
the integrated circuit; and a body where said frame has an
edge hinged to said body whereby said hinged frame
defines a first position where said grid array package
may be inserted into said socket, and a second position
where said grid array package is retained in said socket,
and where said package is guided and aligned by
chamfered surface on said frame in said first position,
but when said frame is in said second position , said
frame does not contact said package or said ball contacts.

6. A socket for ball grid array integrated circuit
packages as defined in claim 5§ wherein said means for

-15-
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ext endi ng into said holes in the top plate froma direction opposite the
. ball contacts. and Wnere the—di St ance Det ween the electrical contact and

t he edges or walls of t W&q |§ﬁ an openi ng, a cam axl e nmeans
arranged to provide_a di d slidable plate i ’gg%}{ i on
parallel wt Qa’oﬁ“'bl ane,» Wter @ Sai ds caim axl e acts to reducgcg | ’ﬁg(fle

openi ngs, such that interposing BGA ball contacts are pushed into said
socket electrical contacts and captured bau'msesﬂgmnml BEENdpes and cont act
first ends, -15 - a conpression spring rreanngpercggl Vi ng the said plate
agai nst the said cam axl e such that in thb-epes—pos+++oen—tht cam axl e | ower

profile provides openiRgs. be e d ald h s and .each _of said

el ectrical contacts suaﬁ‘é'ﬂpegﬁ H?pe%?/tg 8§ﬁ'@?{8ﬁ§ Fﬁﬁ‘ g‘fn%%ffaop%ﬁ,’gage bal |
contacts, a torsion spbodg whernessaid cam dafineg a hélrsiammxpesntlonaandraf rom
the open position to tfgge ‘hﬁltl&ﬁ”\ﬂiﬂﬁréksﬁﬂsb& théé‘?&el’f%t novi ng t he

slidabl e plate such that S are nt o ectr) continuity

ai
with said electrical Bﬂs'ﬁeﬂsd"%s said tOR Qﬁiﬁe ghlarge; saig oRenings, 1
wherein said rreans f or alfowingthe lballisoto enter andwiheres saidc gami iy saidf ace

and an actuator. 3. [ e b d first
end of said el ectrl cal con'fd?&gg& %segéé?ggd Bgﬁhﬁlp?aﬂweé’i‘gﬁg 'L#ﬁﬁﬁhg
detent action occurs aSaidupaiis §G¢f‘8h€? éﬁb@é’@"ﬂ r@mﬁgs&alﬁhkam angoi® act s
above the equator of eactuabed by saididtame.candhwheriécsdid!frame drives agaid

integrated circuit pacme béhrﬁ'fag g@ﬁ frg,ﬁ@ﬁfsl ﬁigt%‘s%on 4(:9"6%?0&“% qgcket as

defined in claim1 wherern sail 3 on sal end ectri cal
contacts conprises a b$didr eamedirel §F!95Uaé‘ﬁ 8aid dramp t$eqand pegiion r anged

to mate with and engageoespormds to csditiocdm secomd tﬁt%ltiﬁﬂ | s' equators.
7. A socket for ball grid array integrated .circuit
packages comprising:

a body, _

a frame hinged to said body and said frame arranged
on the periphery of the socket such that the frame does
not interfere with the insertion and extraction of the
integrated circuit package, and where said hinged frame
defines a first position where said integrated circuit

- package may be inserted into said socket, and a second
position where said integrated circuit package is retained
in said socket., and where said integrated circuit package
is guided and aligned by chamfered surface on said frame
in said first position, but, when said frame is in said
second position, said frame does not contact said package
or said ball contacts, said ball contacts of said inserted
package defining a plane,

a slidable top plate with through holes arranged to
receive said ball contacts,

a plurality of electrical contacts fixed to said
socket with a cupped or angled first bifurcated ends each
end having at least two edges adapted to mate with said
ball contacts on either side of a meridian, and where each
said angled first bifurcated end is adapted to contact said

-16-
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- 16- 5. A socket as defined in claim1l wherein sai-d top structure
.conprises: a franme ar ery of the socket .such that the

frame does not interfer mm op i nsertion and extraction of the
i nt egrated ki and H d frame has an edgechfye@tiibP said
body V\/nerebgjdsﬁ’?éd hi ngeldy B f| rst position where said array

package may be inserted |nto sai d socket i on where said

grid array package is retained in said sodkEHl§ SHEETWHAS BEENi|ld package is
gui ded and al i gned by chanfered surface orj sai dREpamfu n saifd first
position, but when said frane is in said secontposTtTom, Id frame does

Is not contact said a I.d.b for
ball grid array int egﬁgﬁ g&(\’t%h%%oq g@‘&g@;ézfﬁjgdb?'h carf}:éa kéﬁgerei n
sai d means for drivi nfwheredsaigpfipsta éu fli ends extending gt Scacbdsla@l@sbody
where said cam definesn ghbi topf plite from ta @iréiﬂn@nao p6Site hambagsi tion,

blate to oifa tovard Sonidsthy g&“ﬁe?ﬁd f?é@ aﬁﬁﬁ%éﬁ (he. SPepicel; P
entef, and where sai dcontastcansihe |eagasro dhe ttheougip holeadefinedasi ng sai d

openi ngs thereby ret ab?e'ﬁih a| d balls, and where said camcontacts said
frane and is actuated Dy said frame and wher e ?ald f.r.ame drives gaid cam

such that said frame first pqu g Jeany raéw&s Br‘?;‘ﬂf’ﬂ %Jﬂf‘fq oL sition
and said frane secondtmsplate)nncardleetpimmsparallebmdﬂ\:mctqﬂand pebere on.

-17- 7. A sogke :?ghﬁélnﬁghg 8615246 rEdGEE %Taﬁjjdij ! packages
conprising: a body, sai d bod said f ed on
t he periphery of the. sockﬁﬁms@gﬁ M& § camrmp SH 8cenand; ﬂ?@ﬁ?@rg‘)

the insertion and ext davingithe top plate to compress said spring means
wherein said opening is enlarged for accepting the ball
contacts, and wherein with said ball contacts inserted
into said openings and with said spring means forces said
top plate to reduce said opening said ball contacts are
secured between said edges of said socket electrical
contacts and the opposing surfaces of said holes thereby
retaining the ball grid array package in said socket .

8. A socket for ball grid array mtegrated circuit

packages comprising:

a housing with a top structure with an opening
large enough to allow the grid array package to pass
through with the ball contacts facing said socket, the ball
contacts defining a first plane,

a top plate with through holes arranged to receive
said ball contacts,

a plurality of electrical contacts fixed to said
socket with a first end arranged to mate with said ball
contacts and said first ends extending into said holes in
the top plate from a direction opposite the ball contacts,
and where the distance between the electrical contact
and the edges of the through hole define an opening,

is Sheet Has Been RTlaced -17-
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of the integrated circuit package, and where said hinged frane defines a
first position where said integrated circuit package may be inserted into
sai d socket, and a second position where said integrated circuit package S
retained in sal d socket integrated circuit #1%2

gui ded and aM@fH “mg mmmmma on said frame in sard TTrs

posi tion. but Wnen sa d rane L SK Nsseco me does not
contact said package or said ball cont acts Tk‘bs CSHEEV\EHAS)&EEN urfaces on

contacts of inserted package defining a pl aRBEPlUAGEDl e top plate with
t hrough hol es arranged to receive said ball COﬂLdbLb apturality of

electrical contacts fixed to sai.d_s e '

bi furcated ends each havi ng %Fpr'agsﬁ‘% %ﬁ{éggggfﬁ @gﬂq%%&%ev\#{'%hgal d

bal | contacts surface, tapdpldlerm (aaa:reguoo pamnlal withssald planet whesad i s

adapted to contact sal rﬁ‘fﬁg §tbh|%d%ﬁ;léaggfd gPeﬁmgi bal |
i rst o said

contacts, and where sal c? {1 ex'iﬂ E holes in
the top plate froma direct |"Bﬂa'6§pf@§| rivipgthg, tep ﬁ%é?scmaﬁEF% t he
di stance between the elgpring mmeanswherein sald&pemdgtiseeattjgedofort he

h h hol e defi |
t hrough hol e define ancé&woﬂg th8"bait @?,Wabfg am\%l}mnng VE;Q

actuator for rotating I"ow Sitiqn t spring

neans to nove the top m%téctsom&é]é"%tﬁ |%R§P'Hgss§ (%’émgn&ée
accepting the ball contfoedes said topeplite suchh that tsdid| balt wontacts areser t ed

o sal d openi ngs and di fod Y huidire sl SRigeBlof SRS Thichich hfbs! lif saR™ t©

the thick position, acli ng sai
openi ngs securing sal d top! platenaadt saideMating 9&% of#aid electrical eoniacts cal

contacts and the oppositRgréty fretaming saidd bal egid mraa,byint@meﬂndrd!llﬂe bal |
grid array package in salcckazgch]et aid socket. :

9. A socket as defined in claim 8 wherein said
means for driving comprises means for driving said ball
contacts into said opening to compress said spring means
wherein said opening is enlarged by the ball contacts.

10. A socket as defined in claim 9 wherein said
tip of the first end of said electrical contacts are
chamfered to accept and mate with the ball contact
surface, and where the edges of said through hole in said
plate are chamfered to accept and mate with the ball
contacts surface, said chamfering constructed to allow
said ball contacts to drive through and enlarge said
opening.

11. A socket as defined in claim 9 wherein the
electrical contact comprises a cupped end such that a
detent action occurs as the ball is driven through said
opening by said cupped end.
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