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SOCKET FOR CONNECTI NG BALL- GRI D- ARRAY | NTEGRATED
CIRCU T DEVICE TO TEST CIRCU T FI ELD [0001] The

wopnesandesi nventi on rel ates to a socket for comraeats2evg/oa349

ball grid array (BGA) integrated circuit device to a
test circuit therefor. BACKGROUND [ 0002] US Pat. No.
5,498,970 discloses a socket for tenporary connection

of a ball QHCKEY FOR COMNECTING BAS).-GRIDJARRIEYI ce
to a test circuit. The socket has a pattern of

contacts POTEERCMEDTIRCURA DHEVICE TO TESTYCIRCUIE
integrated circuit device. Each of the contacts has a
set of two cantilever arnms and termnating in tips
adapted to capture one solder ball of the ball grid
FRIM®Y integrated circuit. A nest structure is provided
for causing the each pair of tips to nove between an

[MB?ETR@%&JSMQ béhuwhlreﬁtefs hE al doRRet AL coRERRl AN grrcpmray (BGA)
eac er su f|C|ent y for receiving the associated

sled cﬁ’éﬂlﬂ de@!p;‘é t@a‘iés@él%lﬂﬁe?ﬂefdron in which the tips

e resiliently forced to grasp the ball. The nest
structure is made of a pair of opposed conbs each
havi ng a nunber of parallel cantilever racks with
BaRaESRoPRNG) €cti ons and assenbled with each other so
that the racks of two conbs are positioned

[@gifggq&a%' Mo. 3468 éﬂﬁﬁﬂg & &fc;( 131{?2 E%]?%’c}'rgrg't cl%ggg&fgg.qq a ball grid

contact’s so t one

aﬁ%@@??ﬁ%@?%% Lk dngevRE té Q%eﬁ% blgahprﬁerk%cﬁél%Qﬁgaﬁ‘é}g Olf] contacts

jections o er conb engages

chHa@ A 0f b?{[le i oéﬁg@ of thi ﬁlt%rété’éf‘@réd"@&evm@ éa@ﬁ of the contacts has

ment” of t Ite directions,

a Q&'qu@ot aﬂﬁlegérnﬁ'ﬁﬁ Qnﬁ%ﬁrﬂﬁ&tg&%ﬂ & ‘éb@X%s{i ?&W@%Qﬂder ball of

to nove betwee e open an

th@%tcﬂl %_Pid'a?razgﬁ E%&E%n@&t aghtféﬁlegtﬂ&{u?& 5&8&6@&1 ?di“c’emﬁﬁ%ﬁl e each pair

sha ets ea ross plece a
otté{‘ﬁh Wﬁb@@gé%m an open position in which the tips are spaced away from each

other sufficiently for receiving the associated solder ball and a closed position in which the
tips are resiliently forced to grasp the ball. The nest structure is made of a pair of opposed
combs each having a number of parallel cantilever racks with spaced projections and
assembled with éach other so that the racks of two combs are positioned alternately. The
assembled nest structure is fnounted on the contacts so that each of the projections of one
comb engages with one of the tips of the contact and each of the projections of the other
comb engages with the other of the tips. This allows that, by the movement of the combs
in opposite directions, the paired tips of each contact move away from each other to move
between the open and closed positions. This action is performed by an operation
mechanism made of two U-shaped brackets each having a cross piece and two upstanding
arms extending substantially perpendicular to the cross piece. The two bracket are nested

facing each other and have the arms pinned to each other at approximately their midpoints
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arnms extendi ng substantially perpendicular to the
cross piece. The two bracket are nested facing each
woabricedsd have the arns pinned to each ot her PatI/US2005/012349
approximately their mdpointswith a hole. The nested
brackets are provided around the conbs so that one
| ongi tudi nal upper edge of each cross piece is brought
witRtath i@ NTRE hestéd bradketOuegrovdéd aoand et dodtibsado thiteone longitudinal
associ ated conb. Al so, a rectangular top cover is
upene@t Seatherdss piekeisshrooght uetb cantaot Wil buteh suraregiortion of the
faces and contacts with opposite ends of the
asdPS LA dbme. NISE .a oY@z fliratp theeras phseddde the. brddkes so that a bottom
allows that, sinply by depressing the top cover with a
ofthpWRBAIr Fadts €88 Bbracts ethsppokies énds @F aliccupstandinghuraish@way from the
and to have the | ongitudinal upper edges of the cross

ciBsLpREe.f OIS allb®s GRAD Sinhadyd dgreRingt ther topVdbveh with a downward
results in that the paired tips are noved to the open

ple&Sikd, it bradit@d ot &k K Eachthdrain@as hiek thbeorlaianarl dpper edges of the
© pressure, the paired tips spring back their free

cB&SpikteRTorce[ O @Shbd\espdrdicach bBef, WehiclOR4ENE iP AL the paired tips are
socket, the BGA circuit device is easy to be connected

mblddtotthe opiSposttidnC UlHen ! SimPHIBY RlcakiipltRe @6hvdikd pressure, the paired
However, an open space on the BGA integrated circuit

tipsSspHAg bhdiCther ek hbéinodhe rectangul ar top cover. This
inturn restricts the size of a heat sink nounted on

[0003) .ﬁ%r(ﬁiﬁé @i 8l gahveMbrl sbaRt, BNBGAL @flc@t delRe is easy to be
testing BGA circuit device. SUVMARY [0004] Therefore,

coRfeASPRGth RE 1dshBirfliEBRMgh NViRHIE QR OMbHEVerart 8€én space on the
socket for tenporary connection of a ball grid a raQ)

BGAtigRpA&cifdufGY :késtr@él?éﬁ #RhinQhé rdc B pl%jr [dpUdve@Bhid iPARE restricts

of electrically insulating material’; an array of

the SRE JE h heSURROMbEftePYn tEBEASEY dfsgl?at?d' @Whe:iaf1 génléfgtﬁgatathe testing
o the balT gri

pattern of contacts correspondi ng

BGA&MuRldelihe i ntegrated circuit device, each contact
including a set of two cantilever arns opposing to
each other and termnating in tip portions adapted

SUMMARY
[0004] Therefore, an aspect of the present invention provides a test socket for temporary
connection of a ball grid array integrated circuit device to a test circuit has

a base of electrically insulating material,

an array of contacts supported by the base, the array including a pattern of contacts
corresponding to the ball grid array of the integrated circuit device, each contact including
a set of two cantilever arms opposing to each other and terminating in tip portions adapted
to grasp one ball of the ball grid array integrated circuit device;

a nest assembly having two comb structures, each comb structure having an end
frame and a plurality of parallel cantilever racks each with projections, the two comb

structures being combined so that the cantilever racks of two comb structures are
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to grasp one ball of the ball grid array integrated
circuit device; a nest assenbly having two conb

woesuasasses, each conb structure havi ng an en#Crnap@ws/012349

and a plurality of parallel cantilever racks each with
projections, the two conb structures being conbined so
that the cantil ever racks of two conb structures
padiepedi dliepiaedy ahd arenadpably dndovng it aphieceon parabieli toghé Bombined
a direction parallel to the conbined cantil ever arnms,
carite viee afm« Sk nist visdeaibing beiaglbmeéthediwikh thHeearmwyrafycomfacts so that the
contacts so that the one of each contact is engaged
oi¢ bh ehdhecqmajt és ehggedfwitth ehecprojectioy of thiercntiddved meckcofMbne comb
structure and the other of each contact is engaged
strididire tahé tHer @he@ aff ieadh @intdchB engideld| veitethe ipasjkctivin dfhiBe cantilever rack
ot her conb structure, allowi ng the each opposing tips
obthet bier otvhBGt@clue, & RE theeedtht sipobingaianst deedtdthcts to move
states by the novenment of the conb structures in the
bétiveer ttheo firep adndl bifdned Gtdtde bg Rk i thewdient & ke cdtb 8tructures in the
| ever assenbly for spacing the opposing paired tips of
dirdveio patatlel B the\eintildvenaeky; An@t her to define a gap
t her ebet ween adapted to receive the ball, the |ever

assegidvwer Aaeinbly foMdphéfif ANRDUVsink! FHRE tipd IfURE B6ntcts away from
pair of distal and proxinmal cross nenber and a pair of

efth dghdraghRrfife QOgUpehElBEwReH WBANed RErRBROThd BalENHS 180er assembly
the distal and proximl cross nenbers to formthe

haved engteb@ngdliefiBmed MEIUHING o Bt GN@sthPdndl fraXMsal BRJs® thember and a
assenbled wth the side nenbers of the franes

pdinNbekigle Ghafbotk fcl‘im%@ﬁﬂ% BbfHiRlen ahe DPPSIRMUNIRI0k ¥he distal and proximal
m dportions thereof, the |lever assenbly so assenbl ed

cro§i Memb&S kd fRREHe tedndBlab ﬁ%ﬁlﬁ:?@xetﬂi‘/@trectdt upa{rsffa%efs %t%ﬁxgsassembled

nmenbers are capable of forcing the en rames o

wiRIhe Side UREHB&S of ANAFHANRAGHRRELRRE Wivh dEd 8@3} Qfl 8\%!%§alntially mid-

proxinal cross nmenbers of the |ever assenb _
poARGER HerREr, iR leh& SQGHIY 58 AsseRBRI bR LFbsitl @g t%h?ﬁee })a}se so that the

pi eces of the |lever assenbly are conhecte

diftRIorbEEheiRBElS akelcdphie RF PR th€ Eﬁ’cﬁ ?raﬁ’iief 6E1HeRBmb structures toward
depressing pressure is applied. This elimnates a top

eaBh 8iher Y i&esdidltHe POXHRAN cRoss HcMbePPRAGRe ROV SsddifyBGA

[0005] According to the socket so constructed, the side pieces of the lever assembly are
connected at their proximal ends to the proximal cross piece the depressing pressure is
applied. This eliminates a top plate which would occupy a large space above the BGA
integrated circuit device and thereby prevent the use of larger heat sink. This in turn
means that a larger heat sink is used to effectively remove heat generated from the BGA

integrated circuit during its test.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The details of the present invention, both as to its structure and operation, can best

be understood in reference to the accompanying drawings, in which like reference
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integrated circuit device and thereby prevent the use
of larger heat sink. This in turn neans that a | arger
wheas/1sienk i s used to effectively renbve heat PENESRDEC2349
fromthe BGA integrated circuit during its test. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0006] The details of the
present invention, both az to itz strucgure andt .
t st be understood in reference to e
mﬁg&%ﬁrg%pﬁ) ﬁ%h%ﬁ% ngs, in which |ike referencenuneral s

[(fO@&Ef‘lgc 1L a#gxlgeigﬁetdfsperlpeggi w%f soglgﬁ)t Shid eﬁr{bo‘alment according to

SocC ©5r dn .
the present invention. [0008] Fig. 2 is
ﬂ%%§enﬁgﬁg%é per spective view of a contact prOV|ded in

@Q?%ﬁgc??svaél aPLRerspeente por et BT EEA b Sioked in Fig. 1
(0008 . 3 1o Plasbr Ehestfenti e B S oS RO RIBE consact inig, 2
0B £ WACLSs pgﬁfq&@gfaggeg[ Bertpedg B8 vids! SRoshiag, & Fapvement of a nest
Rehbly 3 ?Qfléar VBEGBE Bb mbiohs SR (ot i oA,
["Eﬂg]t*l%?:ilBOf thi?fﬂ? nfiss aﬁeggzefcﬁgerﬁ SETUETG] L HSRBgE @ nest

nt contacts, in which

aS?%m“@ef iaﬁg B fis VG thttﬁ%%e Grbes of e eonges Hjernowet vete
. J.0013] F is a
["é rigy Koo a"é‘lal%L $haes :Eae\t@%'\éwge%oﬁ#%@n& Wﬁ@ﬁ@t of a nest
T A ORI AT
teto th open state. [0014] Figs. 5Al-5D1, 5A2-5D2

Stag% %ﬁl@s%i %Ire a series of schematic views, i.e.,
, Side elevational views of

O M 515 e GBS e T SR 15k of o s

assembly and contacts, in which the tip portions of the contacts are moving from the
closed state to the open state.

[0014] Figs. SA1-5D1, 5A2-5D2 and 5A3-5D3 are a series of schematic views, i.e., front
views of the socket, side elevational views of the socket and a combination of the tip
portions of the contact and the solder ball, for describing the mounting and dismounting
operations of the BGA integrated circuit device.

[0015] Fig. 6 is a perspective view socket onto which the BGA integrated circuit device is
mounted.

[0016] Fig. 7 is a perspective view of the socket onto which the heat sink is mounted.

DETAILED DESCRIPTION
[0017] Referring to Fig. 1, there is illustrated a socket for connection of the ball grid array

(BGA) integrated circuit device to a test circuit, generally indicated by reference numeral
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portions of the contact and the solder ball, for
descri bing the nounting and di snounti ng operations of

wothe/Be#e6i nt egrated circuit device. [0015] Fi @gCTAS2®5M12349

perspective view socket onto which the BGA integrated
circuit device is nmounted. [0016] Fig. 7 is a
perspective view of the socket onto which the heat
18 hke sasckeatolfhhasdt leBERAlAlIEDMPRSORE B2] Obask 0617 hesRessermnbiyntp, a lever
to Fig. 1, there is illustrated a socket for
agsemhbyct8 amd agfackége gvadd 2Qyri d array (BGA) integrated
circuit device to a test circuit, generally indicated
[0 8} Ehe mbgueentuplee al21 Gvhidths madk ef elbOtrivally ansulatiagtmatarial, has a
alignment plate 12, a base 14, a nest assenmbly 16, a
racemgulangstacbirggidiB2aimdwhichackatger gfithieughehol¢ODUBY alipeing contacts
alignnent plate 12, which is nmade of electrically
30,18 phuiciilag loga 68 ($calFig 3 of ther contaatsifl, are definédirear argiyoof rows and
22 in which a nunber of through-holes 24 for aligning
caumhaatrgngdd, atiragylar intavdlain ladyst 8dectioaandicgied Dy aphdbbeX and a
contacts 30, are defined in an array of rows and
secohdidinestian iaticpeet By alpkapet ¥ pérpéretictddrgo ithe farsf diketion.
direction indicated by al phabet X and a second
[0819eRefening nalifigt @d thy cahtptrtaBé) whichpéy pesudi 6filrewilidn®, electrically
the first direction. [0019] Referring to Fig. 2, the
candné¢taet mawriawhichhasi @ppeder edppeealldy, dak ,a @lbemhfialalUl-shaped cross
conductive material such as copper or copper alloy,
sehthenzh midopomiohi 28.| yOppssitapeds csfothe Beshhped dbrtidnd28 are extended
portion 28. Qpposite ends of the U shaped portion 28
uprazdlgxd donie dantilewesr diyis B0 aha3M CEY dan€le@Er AES3BA@BY are bent at
32. The cantilever arms 30 and 32 are bent at first
fidselege] pootidris@asard3@mdhSGaraé atigle iSadrelya fol£d ieBWRGEEY , Further, tip
toward each other. Further, tip portions 38 and 40 of
partienscinand ¥ ef tirr cumtiRVenmths3) aie32 Westste@lbt A ceR4ih3nPle about
angl e about their |ongitudinal axes in the sane _
their tagttidinalaixes ;oo darheuigbetion fat s2Bid B ePRsHidts 1S8R 40 @ee Fig. 3)
3) sothat, in a free state shown in Fig. 2, surfaces
so4bataitda 488e atatd bieovir m Pie! 2] Qitfac&B46 8k 48 of the tip portions 38 and 40

face in a staggered fashion, leaving a space therebetween. One of the opposite ends of the
U-shaped portion 28 is also extended downwardly to form an insertion leg 50. Preferably,
the insertion leg 50 is angled at two, different level portions 52 and 54, adjacent the U-
shaped portion 28, to position the lower major portion 56 of the leg 50 at a mid-center of
the staggered tip portions 38 and 40. Each of the contacts 26 so constructed is securely
mounted with its U-shaped mid portion inserted in a through-hole 62 (see Fig. 1) defined
in the base 14 and also with its insertion leg 50 inserted in the through-hole 24 defined in
the alignment plate 12 as it is electrically connected to a test circuit (not shown) provided
underneath the base 14. Also, the cantilever arms 30 and 32 are opposed to each other in
X-direction, and the angled tip portions 38 and 40 occupy different positions with respect

to Y-direction.
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face in a staggered fashion, |eaving a space

t her ebet ween. One of the opposite ends of the U shaped
wW@ousiloee®8 i s al so extended downwardly to forPCEIS2005/012349

insertion leg 50. Preferably, the insertion leg 50 is

angled at two, different |evel portions 52 and 54,

adj acent the Ushaped portion 28, to position the | ower

[WOT'ThQQBﬁt‘a&@éﬁa?he G utElr ma\tan um%§epﬁ dxaflf lé I'a\emetal plate

staggered tip portions 38 an ach e Cco tac

L@:&He&eﬁk% Gdied _ah%nﬁ@rﬁg)‘h?k%l Wh&’(fht i€ Qwittddat ﬁﬁ)?( ons 4 42 and 44, bent

shaped m portlon I ns in a through-

al Séifiofd B arfh) 36j ﬁfsb BEft dt Bo ?egﬂ)‘ﬁs BaSRq 34 A1 hn%ngeWZaﬁl bts nli§-portion to

I nsertion i nser in"the throug

Sied | SRR bl LantPrvistingl prb sses be performed in

fe eg]t@?“?ggdbewb?gﬁ;r?ect ed to a tg:%t cl rééqrh‘(se S lvvnf)
underneath the base 14. Al so, the cantil ever

dg%ﬁﬁhggﬁgnd 32 are opposed to each other in

(08291 R@fégﬂn?g' badth Fg 2NgL §dsd | ‘ﬁ Qﬁfch'@%%d?go@@lgcégally insulating

occupy erent podsitions VVI
ml\ﬁae‘flf\e/lg ?1?% lﬁ A vé %5:8 &-Qﬂnﬁ%p e%?atngaﬁr E(H’racg E%ﬁ“&{‘% Cteﬁ@ﬁlgddng to the

SLg'ggrcteiro%lgﬁ?é _angl% 4%%3{%% det% gg P?’Ii‘l(l)e\rl]\gu ebr%%logbi? E?S 3 number of
ORI 4298 AR ] WO Gyl oo ot
SHTRATRAT Sl @W@?@f@. L o 2
BRSSP Rl By e 2o

S ais%?rmﬁtﬁ@%%%ﬁ S 5 e

of through hol es 62 defined therein and
“ﬁ@?%ﬁ%@g 4he sane manner as those of the alignnment

ot Bkt 8l R A B R A9RRa e i
PO\%{’J]O%% tﬁ e#ﬂfd 'ngég %1 O\ﬁ,én t 5 ngamaé%o\s \}\PSFFFC%WWhé‘hgle through-
hoileg %23 {h%ggzgcrlg%dd e%ggg%rst\!v&? St’hesignn%;] %uﬁfgceeép ?h%eglrgubg%vfolé h62 which
ensures that the contact 26 is retained in a stable manner. Also, preferably, the alignment
plate 12 and the base 14 are connected with each other using a snap-fit mechanism made
of, for example, four upright legs 66 (only two legs are fully illustrated in the drawing)
provided at respective corners of the alignment plate 12 and four recesses or through-holes
68 into which the legs 66 are inserted and then mechanically engaged with respective
portions of the base 14.

[0023] Referring also to Fig. 1, the nest assembly 16, which is described in detail in the
US Patent No. 5,498,970, has a pair of comb structures 70. Each of the comb structures
70, which is made of electrically insulating material, has an end frame portion 72 and a

pair of side frame portions 74 and 76 extending in the same direction from and
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surface of the base 14. [0022] Preferably, as shown in

Fig. 2, the contact 26 has a wedge 64 defined at the
woraspoisté on 28 thereof. This allows that, whePCt/182005/012349

contact 26 is inserted within the throughhole 62, the

wedge 64 engages with the inner surface of the

t hrough- hol e 62, which ensures that the contact 26 is

] 2 ndicSiaf R ShdTBAd $fame p&on el Br el ymbbdienent, the side
Suﬂﬁ%ﬁwgzﬁFhﬁPafe 12 and the bgﬁg 14 are connected with

fra?r?e aé;bprﬁ&&eﬂ %1 Thadve %ﬂ%}eﬁt' 1EndiRS RBWE &) 1By enagthavé die same length.

four upright |egs (only two legs are fully

Th'e Lt tfﬂ'aﬁxteefiloﬂﬁen e aflb aé’MPBSJ)ts Rr AyrhBgdofitartBeRe Gatkee 78 extending

corners of the alignment plate 12 and four recesses or

thér@%géiggetagéfﬁleegﬁié f%rﬁe g&‘tl%ﬁ‘s v48nd 269t RBuRF eiémsker tAtest shown

héen nechani cal ngaged w th respective portions

in Hies s, tha & é'a%h é[‘ap\,\zsg};‘ﬁﬁ.@'ﬁ SbEBS Prfénst & profctidns 80provided on

asse escrlbed in a|I in the

opggmg%‘i&%t fa{g\m? the ﬂ&g%@grgwlgu%t@lﬁsr for %%ﬁgeﬁen@m donfdeet UNEighboring

he co es 7 which i s made of

ra@ls O c{efﬂg %a%é]ﬁlg}e%ﬂvfég VR is%lhght'l‘}aéreﬁfér and the 3@ of the rack,

portion A pair of side frane portions 74 and 76

Whl)C(ﬁ gln(vag]at Hleté?)%lbsﬂmzétlﬂ%{sr ?gﬁfe%sérﬁlﬂ% ﬁp%ﬂhﬁﬁ&%ﬂtl@kﬂeycamﬂever

erpendi cular to e en ane portion 72. In th

racgifﬂzgeren{éqmﬁ Ofchlied paForRAGIb RS and 76 nave

eng ver, they may have the sane

[Obfﬂ%{é}exggg%a & aﬁhé’r?ist hs%%ﬁ'ngl%' 1% s fsSnéunted on the base

| I e extendi ng t herefrom

l4bv%¥t%ﬁg][:z§1{ﬁe\%} gz?ck% rﬁr@reg%rdtlh%@%rzé‘hcﬂandAYs@ 3 sﬁcﬁ:@# ki2Fig. 4A, for

erva to 4D, each rack

exswpp tcheetgl Ex% Cﬁosﬂf&fﬁg@ﬁet%& L oﬁgﬁ?ﬁfjc\fdtgﬁg 80 of the .

opp05| e nelg oring rac

ST acgtne r{é o1 ebD C?LGE alﬁta?xd d\\@hg &%ﬁ Ing ngr(ﬂCthé cgrﬁacqeﬁ%' {9 %ositioned

ween mh greater

begxf/?eﬂw{hgr%eslg g e[; ect?lo vg/ng@ rE)f eﬁllz \é’fﬁxbt E’tﬁ.‘é:rt&xgmﬁ(ﬁ%?ﬁlée other comb

Ied o éa

StrbIStéquZ J( 5 ngéls gﬂ?)\é/? I;}lga?,ea‘%;shg\gﬁ i 9@ EA—W&W&%J Qomb structures 70 are

forced toward each other against the resiliency of the cantilever arms 30 and 32, the paired
tip portions 38 and 40 are forced from its free state (Fig. 4C) to an open state (Fig. 4D) in
which the tip portions 38 and 40 are spaced apart from each other sufficiently for receiving
the solder ball 202 therebetween.

[0025] In order to ensure the relative movement of the comb structures 70, the nest
assembly 16 is provided to the base 14 so that at least one of the comb structures 70 moves
to and from the other. For this purpose, according to the embodiment, as best shown in
Fig. 1, each of the comb structures 70 has engagement legs 82 (only one of which is
indicated in the drawing) at its opposite ends of the end frame portion 72. The base 14, on
the other hand, has four engagement holes 84 (only one of which is fully indicated in the

drawing) into each of which the corresponding engagement legs 82 is inserted and then
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[0024] Referring back to Fig. 1, the nest assenbly 16

so assenbled is mounted on the base 14 with the
wocand/ileesser racks 78 directed in X-direction. PATS0S20@012349

shown in Fig. 4A, for exanple, the tip portions 38 are

posi ti oned between the nei ghboring projections 80 of

the racks 78 of one conb structure 70 and the tip

en@ﬁ% | 95[1§o 4k 8fe sBe eRRHoBMENARIdsBARAN-HirdtRAl 19 Bir ¥ €lfan that of the
nel ghboring projections 80 of the conb structure

{ §edo R gotiglefted therelR cén Rloh©¥WBeHtRah X-direction,
Cogltsgslgﬁg\d%q' %t Fi gos 4A?§ésg \M%er? tehe E:(r:eorr‘o str uc%\rﬁ% eltsy 70

au%wné WL GPoTRMRAGLRACRIANBShoRIASHISIE tHeCcH R dtiuefteds @0 in that
cantilever arnms 30 and 32, the paired tip portions

dlfégtx&pget&)ge@{h% ffe@rs%éjarfcf R8updedisige state (Fig. 40 to
an open state 4D) in"which the tip portions 38

[0 Ié'é}ex‘?fn ﬁ)dF%qu thef 16040 ﬁ@&ﬁ‘bl?tl@eﬁasst%f fe@taﬁFLtllhb’ frames 86.

or rece| ol der baII 202 ther ebet ween

TH ¥ 2hI 86, @vﬁlcﬁ £ H{aﬁe P& High ¢l Yc? mARYAEAL aGhajbP &raf@ rﬁ%mon 88 in

structures 70, the nest assemly 16 I's prOV|ded to

thd fith &ﬁbé@keg h t”Tthe %%Jt Shane geﬁlong SR LHBRInS! leHa! &B?ssmz& 90 and

noves to an fron1 For this purpose,

“@Cﬁgé ?ﬁ&%ﬁtﬁ R ogibgﬁﬂﬁall_yaﬁﬂgﬁ&clﬂﬁ‘xomrﬂ Bp ?bﬁte dnds of the

eac e CO uct ures S engagenent egs

t (¥
S R, P B, ey e
elc%néﬁ eoﬁegaﬂé?o?%\?ﬁfmﬁ@ %sg qﬂ%s aﬁﬁg Illggt gsg;ﬂl%ﬁﬁ{ 1384 Ei%cug 64 extending
sugg&ﬁla‘ﬁ? #théri{eé g%,g pltoggrl%% géng g&”%? Elgd % I’UZ%gB%J &Hﬁb the distal

enﬂ{' gf"‘g\e SR Al 1%0&492 qnéaﬁgcgfa?t th@ Qhétaci eha rpgﬁ[ont %]g‘ﬂastMt surface

corresp ndln that t .
o5 SR B 4 ALAES g pantrns
ang%%ggt? g%%%lgk‘}% ﬁf; g gopuéﬁeé@ 1{ ﬁfltonglin{fggag ]d%%ct ogltr \r'iflﬁgm%tggﬂ% rﬂ%e distal end

pi%:ciegm Iﬁaysggﬁm?hg Xf h far §a§nbllh¥ tt’v% rgcqgng%% fFa%:ets%gara ﬁfOﬁS&d with each
otﬁér%l% TR Sﬁé %lortlorﬁ@SQZaofn'gﬁeofra}anaggefap el ‘to ?hose of'the other frame 86,

respectively, to form the lever assembly 18. The adjoining side frame pieces 92 may be

connected at their substantially mid-portions by a pin and hole mechanism 98.

[0027] The crossed lever assembly 18 is mounted on the base 14 so that each of the distal
end cross pieces 94 is restricted between the end frame portion 72 and the opposing wall
portion of the base 14. Preferably, in order to retain the chamfered surface portions 96 of
the lever assembly 18 in contact with the rear surface of the end frame portions 72, the
base 14 has elongated grooves 100 defining the wall portions and extending in Y-direction
behind the end frames 82, in which the distal end pieces 94 are received without any travel.
This allows that, when the proximal end pieces 90 are depressed downwardly, the distal

end pieces 94, in particular the chamfered surface portions 96, rotate to press the end
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the formof bracket. The major frane portion 88 has a

proxinal end, cross piece 90 and two side pieces 92
wezdosndiong substantially perpendi cul ar from oppOBUS®E05/012349

ends of the proximal end piece 90. Preferably, the

mej or franme portion 88 is made by bending an el ongate

flat bar. The frane 86 also has a bar-1ike distal end,

fr?ﬁg%%npdﬁ% e %égteagge 2&\2%tea§+ o}ﬁegngg%:llpg lghet dp portions 38

end ecurely ¢

ax‘i({1 | A u{a %Lntg%}g%OSé n}ot}? fx%bdt%e fre?n@]eotgjﬁehega% n sta%tF When on the other

or

h%@r fttf\eht?oxﬁ%l;&rh g)?e ?@rqu?&;;\gg;%g og La n?ond n‘ﬂ%g E{de spring back
R O L

P ﬁ&%@%@wﬁﬁ@@%@%{ng‘%syd et
glgees pec | ve'lrrFeg§ é?eé ? 16?‘% {i%éctel lé‘\/oe?l S'é'?&’i%ﬁg&%og ‘F‘ﬁé‘e“ g’sembly 16,
b B ge : lr@ge%%‘;%g;trgéﬁgg g SPRTE i eq%&?tﬁponding © an
o g 2000 HRBESe 215 BRI ehon e
AR G il
ST N e

e rear of t end fra

ABBPRIsY, ofaf ot 354c3E e orgdtd Beoveat cpdcpicces 94 ar
e ol ybtsh‘ieﬁlaggﬁtté{ngﬁﬁlﬂ Eoraeiarans 1hy et and pisces 94 o the

led' st §c| nd enst94 ar e r? i ved Wa|1t hout g}g}é%(t) ggvcgn@tructed <
% :H‘ t“ﬂ R 8rPov e 100 oxTheaPackage go

di st al d eces 94, in
seflfH B Eﬁeap%‘?ﬁ”és%%{vmgm R SABEMBt) S DB mate Oftfer exampl,

th dfra rtions 72 of the nest assenbl

legtfg[ lpmedpaégﬂg?n%’c‘{‘f’e% @’ih%’f%’@gf pie indigatpdin the slsaveigg handl recesses
th t ts 30 to nove fromthe free state to

“? w&qﬁﬁgﬁsﬁggﬁq@ Y WResaPabIR of (78 2eginG Withathe legt bl (oviisenagively, the

renoved, each of the ti ortions 38 and
ggfﬁlﬂgcﬁgbﬁé% gecured to the base 14 with 1tspp(§)rt10ns engaged with associated

recesses.
[0029] In operation of the socket 10 so constructed, the proximal end portions 90 of the
lever assembly 18 are pressed downwardly to establish an electrical connection of BGA
circuit device 200 (Figs. 4A-AD) to a test circuit provided underneath the alignment plate
12 and to which the legs 50 of the contacts 26 are already connected (see Figs. SA1-5A2
and 5B1-5B2). This causes the opposing surfaces 96 of the distal end pieces 94 rotate to
force the end frame portions 72 of the nest assembly 16 toward each other, which results
in that the tip portions 38 and 40 of each of the contacts 26 are spaced away from each

other to form a gap therebetween (see Fig. 4D) into which a solder ball 202 on the bottom
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by its resiliency fromthe open state toward the free

state. [0028] The package guide 20, which is made of
web@stirdesal | y i nsulating material and used to BUI/US20051€¢12349

BGA integrated circuit device into a suitable position

of the nest assenbly 16, has a rectangular frame 102

defining a rectangul ar opening 104 corresponding to an

s&’i’atcle' thdBd pyarap{ &Wi@etﬁﬂ) ﬁl;ﬁ&%t@&%gg@% e Ieifgse abd ¥B3). Then,

In or er to facilitate the I'nsertion gra

tHel dodwivlard ?f@ﬁ&ﬁe ?snxteﬁxotvg& ?Hﬁ;}ésnu%e T Utat m%ec ?rﬂpscffﬂcﬂges l%ﬁre forced

I nner peripheral portions o angu rame

a\b% oﬁ’lre%icﬁ Sihkfﬁﬁ th%qg?lﬁ?rgc&ldf rt]l’i;é éaﬂﬁ%vé% %lOyanﬁgﬁ of thfi contacts 26,

SO prefe frame ons a

mt091 %%9&%055?8 Qhét‘r@\)a&qqtood @g%ﬁfs?a{’e A Fhick ih s%? r balls 202 are

I ne retal ners retalnin

quﬁédaa%o@@tagggg&%ﬁ%r&ﬁnstﬁeadde&ﬁe RS ythé%dA {}%ated circuit

ves ackage qguil SO '‘constru

dé\ﬁcesg(f(ﬁ gleagc{ll!}ﬁc&ﬁ%&eﬁsﬁe[ﬂ? Ité/st 01r§1\£"t k*ﬁalggs nﬁggga? r317C3 and 6).

mechani sm ma exa

AR S 5 O o o
p18<ﬁeg pac g}téee?%%?%k&%&\fgf tsllgsfsecu %plr%%gd ﬁé’é@r %{fs]% sing the tip
pdrﬁné%sgg %r{d?@o?ﬁ%%goqggﬂ (t)se§ eltzfl)t %géeﬁm&gzlstggnsw{xhg tge ip portions

R RE EBly POS EHESB s

T R B -

tes

ich the legs 50 of the contacts 26 are
&ﬁﬁ‘ﬁe&gi}"gﬂ%‘ﬁﬁect ed (see Figs. 5Al-5A2 and 5Bl-5B2).

OB AP e PR P TR RO e 20 mey
o G B e 26 SO 2 e
dls%f‘iﬂ{e ﬁea% gze(rsleraa ed fiom ehd ﬁ?ﬁy 1£t£§megac%pcuit device 200 during the test.
Although a fin-type heat sink is illustrated in the drawing, it may be of any type such as
pin-type heat sink.

[0031] Preferably, as shown in Figs. 1 and 7, a pair of latches 122 are rotatably mounted
on the opposite sides of the base 14 for retaining the heat sink 120 in position during the
test of the BGA integrated circuit device 200. In this instance, as shown in Figs. 5A2, 5B2,
5C2 and 6, each of the latches 122 is preferably supported for rotation at its substantially
mid porﬁon by a horizontal shaft 114 and its top end is biased inwardly by a suitable
spring (not shown). Also, a lower portion of the latch 122 is projected outwardly to form
an engaging portion 116. This results in that, when the lever assembly 18 is depressed
downwardly, the side pieces 92 of the lever assembly 18 bring into contact with the

associated engaging portions 116 of the latches 122, causing the latches 122 to rotate

10
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other to forma gap therebetween (see Fig. 4D) into
whi ch a solder ball 202 on the bottonsurface of the

WOBG#s/miéasui t devi ce 200 is placed (see Fig. 4BCTAG20BA32349

and 5B3). Then, the downward pressure is renoved. This
results in that the conb structures 70 are forced away
fromeach other by the resiliency of the cantil ever

0@ WAl P o ke rdsheblivd PesittsR] BEL aisé’rfgagmgvﬁdsaiohnewhére_me latches 122
portions 38 and 40 back into a closed state in which

dis&taSO MR the HehiSsirO 2261 Thgh ashadtheYlelditisSdnitd g aBegkiénds upwardly
portrons 38 and 40. In this state, the BGA integrated

arfd thekbbly tREYidE $radf0pibses BI2esTt th et Mss@ﬁhbgeﬁkﬁikag@ floft€the engaging
test circuit (see Figs. 4D, 5Cl-5C3 and 6). After

p&rfiBI €16 Oe Qhtchdielieale WbugtiaaBichyi tht &BHiAsLEh el Grillihal positions
devi ce 200, the proximal end pieces 90 of the | ever

wAS aAPhMcHR @hendgdd Wit aRE Besednid QPOVEIHH Yneafitiat B latches 122
the tip portions 38 and 40 to nove fromthe cl osed

molV& Bethed AR Qﬁgrg}aﬁfn%t £hd EngMBinghpdshtonk ity #erddvaieard@ind upward

and 40 are spac away from the solder balls 202 (Fig.

mﬁ@méﬁ,liies,a@presﬁhh%n@hh&eégﬁ?sgx‘@ R nieRt SOMRUSRT ﬁ%s"eﬁ%'l)t 18. This in

devi ce 200 to be renov romthe socket 10 an

tuh SeBs RNt 9ki1R8 chie 8L nobheliahd dfs%ﬁ(;)ﬂed%si@h own in
Fig. 7, a heat sink generally indicated by reférence

[0032EARD, 42QicBrY sggn%‘eﬁliéd%ﬁgsxﬁnnfal?@ oBGhh 1104 egl %?){gg% ntog shown, for

circuit device 2 by the socket 10 in o

- - t . H . .

S RSO SERRS AL T 0 PO 1 Sk e cutiing
_ 3 c r . .

A8 10540 8 e g oo

[Olﬁ’ﬁﬁf &S ﬁmfrydes%eﬁ%\ﬁ’@e,;t@? 5§40 $ramt ég&%% Z{ H‘% IQQelrrass%{r%bly is connected

atches 122 are rotat y nount e opposi

at $ts Pecxifhl MR 1§ %ﬁ)é&’? aPénd ;?E%}es re‘it) ﬁfgiég@e ?ﬁ?&ssﬂéﬂggs]sa% is applied.

in position durl e tes egr

B S R B0, AR I o s
. f | ' it t. Lall

ROt e U 8 AR P o

lafger REASERk §NNRARYerffel5 YEhBP fieat generated from the BGA integrated

circuit during its test. Also, a socket capable of being used for the BGA circuit device
with an enlarged energy consumption is easy to be designed.

[0034] Also, the contact 26 described above is featured that it is bend at the first level
portions 34 and 36 and twisted at the second level portions 42 and 44, closer to the tip
ends of the cantilever arms 30 and 32, respectively. This significantly reduces a variation
of the gap between the opposing tip portions of the contact, establishing a stable contact
between the contact and the solder ball.

[0035] Although the invention has been fully described with respect to only a single
embodiment, it will be recognized to those skilled in the art that many modifications and

changes are possible. For example, each of the rectangular frame 86 of the lever assembly

11



spring (not shown). Also, a |lower portion of the latch

122 is projected outwardly to form an engagi ng portion
wdi@snidsse results in that, when the | ever assetbig2028012349

is depressed downwardly, the side pieces 92 of the

| ever assenbly 18 bring into contact with the

associ at ed engagi ng portions 116 of the | atches 122,

16 74 Ib@%éd@?rdn@agnﬁale&%%t LiRglb piaad eout wardly to take
respective positions, i.e I sengagi ng positions,
where the | atches 122 dlsengage with the heat sink
120. Then, when the | ever assenbly 18 extends upwardly
and thereby the side frame pieces 92 of the |ever
assenbly di sengage fromthe engagi ng portions 116, the
| at ches 122 are brought back by the springs to the
original positions where the |atches can engage with
the heat sink 120. This neans that the | atches 122
noves between the di sengagi ng and engagi ng positions
by the downward and upward novenent, i.e., depressing
and undepressi ng novenent of the Iever assenbly 18.
This in turn neans that the heat sink 120 can be
nount ed and di snmounted easily. [0032] Also, a suitable
spring nmechani sm made of pin 124 and spring not
shown, for exanple, is provided to control a
depressing force of the heat sink, thereby
establishing a stable contact between the heat sink
120 and the BGA integrated circuit device 200. [0033]
As fully described above, the side frane pieces of the
| ever assenbly is connected at its proximl ends to
t he proximal end pieces to which the depressing
pressure is applied. This elimnates a top plate which
woul d occupy a | arge space above the BGA i ntegrated
circuit device and thereby prevent the use of |arger
heat sink. This in turn nmeans that a |arger heat sink
Is used to effectively renove heat generated fromthe
BGA integrated circuit during its test. Al so, a socket
capabl e of being used for the BGA circuit device with
an enl arged energy consunption is easy to be designed.
[0034] Also, the contact 26 described above is
featured that it is bend at the first |evel

12
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portions 34 and 36 and tw sted at the second |evel
portions 42 and 44, closer to the tip ends of the

wocand/ileesser arnms 30 and 32, respectively. Thi PCT/US2005/012349
significantly reduces a variation of the gap between
the opposing tip portions of the contact, establishing
a stable contact between the contact and the sol der

wiedt 1S CRAIMEDMY:-hough the invention has been fully
described with respect to only a single enbodi nent, it

LW |1 A b&st k@kefr Z@fpdrarytdoasetidk iof b ®dll ighidtahay aftbgratedtcircuit device
many nodi ficati ons and changes are possible. For

to¢edTRIrBuit, SR RsockdiRomaitiapgul ar frame 86 of the |ever
assenbl ymay be made from a punched-out single

pl at LpAEDF cleSirichifY MERatinE miteridl; t est socket for

tenporary connection of a ball grid array integrated

Ci 1 Cifi drraCOfIcBRtabR sBppdRfell byithEbisk, the Aftay BludOEK Bhttern of contacts
conprising: a base of elecCtrically insulating

cofRESInldflg todRe BAIl @4d Bfraf SNt ritsgrateBRAtHEdeRYe, theh EHIft including
the array including a pattern of contacts

a &R bf RRPOREIVEr hdnd Gfpobiak ko Sdch b aAY té;ﬁﬁﬂalﬁ%?iimis%ﬁm@ adapted
circuit device, each contact including a set of two

Ion8 Vel offEHafRPIASHAY iAtBe8Ra RieliP8Evi@nd term nating
to%&h peportoi ons aa%glpt edgtlo %rﬁaspl onle bvalll ' of the ball

gri dy Akt A¥sehidi Qﬁﬁhg%Gicbﬁﬁbi diruBRiYdsC @échac&%fstrﬁ’&&%rﬂ%!vﬁlg an end
having two conb structures, each conb structure having

fratfle GRE af pIAFEILARE FArdpel EaltIdwer YhckBadh Wath BAEIHORY. Sthe two comb

racks each with projections, the two conb structures

stiREuRE BARDI Qb thahat e CahilLVaEKS %F kvoPLomWOstructures are

O
conb structures are positioned alternately and are

o . . oo ) '
poggi‘r%gm 8lt@halEB) zlirﬁigarb Qa?aﬁbg% Bf ﬁrfedvﬁgslﬂaz[ ﬁirécﬁigp }}%ﬁe}%ﬁ éo the combined

I ned cant’il ever a t asse

caﬁ@l'gptj:rnzﬁ'glsy\flhkI'hegthfsséﬁﬁlzﬁne%fgt ﬁﬂ%ﬁ'&f Ritihd Qﬂgy BP @ct)rﬁg&s Qb that the

each contact Is engag e projection o

one a&:]éakﬁ %sﬁta&a&ker%%%’&f' @gﬁ \C}Mﬂ? I}\)?(%j%éffb‘h“&?th@ %n&fés?ro{agg fofYne comb

each contact 1Is age e projection o

stx‘tﬁﬁtgl'é ARMEBE ofkBF b &ch Egﬁaagpgégggg%ﬁftgglﬁﬁﬁx{ogercﬁ%% glf 1@ A ever rack

each opposing tips o
of the other comb structure, allowing the each opposing tips of the contacts to move

between the free and opened states by the movement of the comb structures in the
direction parallel to the cantilever racks; and

a lever assembly for spacing the opposing paired tips of the contacts away from
each other to define a gap therebetween adapted to receive the ball, the lever assembly
having two rectangular frames including a pair of distal and proximal cross member and a
pair of side members connecting between the opposite ends of the distal and proximal
cross members to form the rectangular frame, the two rectangular frames being assembled
with the side members of the frames intersected with each other at substantially mid-
portions thereof, the lever assembly so assembled being positioned on the base so that the

distal cross members are capable of forcing the end frames of the comb structures toward

13



bet ween the free and opened states by the novenent of

the conb structures in the direction parallel to the
w@ansitlaseer racks; and a | ever assenbly for speCT/ng20bHe12349

opposing paired tips of the contacts away from each

other to define a gap therebetween adapted to receive

the ball, the |ever assenbly having two rectangul ar

egcimﬁ)olﬂtrl?& bgrhgl)x%giiggth% g?&hﬁlg%rﬁsgsl nx%t aéeré 8nH§c$3(elﬁ glsislgg}%'i PSS
2t he 9‘9@ 8 cke$ otecqgjs ?fw €r mqh%i)%Feq? q,ag rvgxi( elly{glas %Oeagh contact are bent

€ rectan

o eﬁ% 8ng 0(5 erf‘;ér ﬁgggrﬁ%?s%ﬁgrggfwd tﬁﬁ‘% oglﬁlo&gﬂgqmgl[axes thereof

SRR iR B WEORLLRET BHERRE eront ForeEtElpeEB0 Pl than the

ﬁs#§tal 3&855 nenbers are capable of forcing the end
F ¥he conb structures towardeach ot her by

d th nb th
3o DuRRs s0tkst BERIRY O, RS R mespalehes Fichy EApable b pneaging
ever_ar L ch contact are bent t%ﬂ?rd eac%
oo A8l T Ohe A B BP0 Ul ampermbly.

about | ongitudi nal axes thereof in the sane direction
at second | evel portions thereof closer to the tip
portions than the first | ever portions. 3. The socket
of claiml1l or 2, further conprising | atches each
capabl e of engagi ng and di sengaging with a heat sink
in response to a novenent of the | ever assenbly.

14



