WOD- 96/ 24854 PCT/ US95/ 16987 Top Load
Socket ~For Ball_Gid Array Devices Technical Eield 5 The present

i nvention relates generally to sockets for the tenporary connection of
el ectronic devices to test circuitry, and, nore particularly, sockets for
ball grid arwowedsassces. 10 Background Art |ntegrated circuigCIisesnesgri ces
are-finding wide- spread use in the electronics industry and before they
are bonded to a circuit the sanme are tested to 15 determ ne whether the IC
device is functioning and that elec r|c,I sent betmeen t he
various portions of the 3¢8-@8S$GCE8t e ‘ socket
which is attached to test C|rCU|try The mhole assenbly of test circuitry
and I C nay al so bieggnléggjﬁgégg to elevated tenperatures while the ICis
being el ectrically tested. us the procedure may be referred to as "test
and burn-in" and the socket a test

5 The present invention relates generally to sockets

for the temporary connection of electronic devices to
test circuitry, and, more particularly, sockets for
ball grid array devices.

10 Background Art

Integrated circuit (IC) devices are finding wide-
spread use in the electronics industry and before they
are bonded to a c¢ircuit the same are tested to

15 determine whether the IC device is functioning and that
electrical continuity is present between the various
portions of the device. To do this, the IC is placed
in a socket which is attached to test circuitry. The
whole assembly of test circuitry and IC may alsoc be

20 subjected to elevated temperatures while the IC is
being electrically tested. Thus the procedure may be
referred to as "test and burn-in" and the socket a test
and burn-in socket.

One type of IC device is formed merely w1th small

25 balls of solder attached to one planar surface of the
device in a regular array of equally spaced rows and
columns. Such a device is called a ball grid array
{BGA) device and is designed to be mated to an
interface circuit board by reflow soldering the BGA

30 solder balls to an equal number of pads on the circuit
board. _

Test sockets for BGA devices in the past have
contacted the solder balls with a single beam contact
or a pointed rod contact which have caused undesirable

35 damage to the solder balls or imparted unbalanced
forces to the BGA device which had to be countered by



and burn-in socket. One type of IC device is fornmed nerely with small 25
bal | s of solder attached tq_one planar_surface of_the device in a regul ar
array of equally spaced rows and colums. Such a device is called a bal
grid array (BGA) device and is designed to be mated to an interface circuit
board by refl ow wolegessseg t he BGA 30 solder balls to an equal mwperiusss/ebsy
pads on the circuit board. Test sockets for BGA devices in the past have
contacted the solder balls with a single beamcontact or a pointed rod
contact which have caused undesir abl 5 danmge tQ.the | der _bal | s _or

i nparted unbal anced f &PEeSETHCEHE®S éhﬁnﬁﬂf&ﬁ%'ch%ﬁaﬁ°Pi8b@ed@ﬁﬁﬁ%éﬁ%flﬁ?
WO 96/ 24854 provide a socket which eliminatedPtheéesSoamideditrakiec
structure of the sockglgektgwoul d be desirable to

5 umma nvention

The present invention improves upon existing BGA
test sockets by providing a contact for each ball which
is comprised of two cantilever arms terminating in

10 inwardly-bent contact tips. The arms are arranged to
be biased toward each other in the manner of a pair of
tweezers., Since there are two contact arms, the forces
on the contact balls of the BGA are balanced and thus
no forces are transmitted to either the IC device or

15 the socket structure supporting the contacts. Because
the tips are inwardly bent, the balls are positively
captured and the IC device securely maintained within
the socket.

In particular, the test socket of the present

20 invention includes a base of electrically insulating
material, an array of contacts supported by the base,
the array at least including a pattern of contacts
corresponding to the ball grid array of the integrated
circuit device, each contact including a set of two

25 cantilever arms biased toward each other and
terminating in tips adapted to capture one ball of the
ball grid array integrated circuit device, and means
for simultaneously separating each of the sets of the
array of contacts so that the balls of the ball grid

30 array device may be inserted one within each of the set
of contact arms.

criptio he Drawings

35 The present invention will be more thoroughly
described with respect to the accompanying drawings,



provide a socket which elimnated these undesirable effects. 5 Summary of

t he Lnvention The present inventi

by*providing a contact for each ball which is conprised of two cantil ever
arnms termnating in 10 inwardly-bent contact tips. The arns are arranged
to be bi asedwbossss each other in the manner of a pair of twesARHE§1698F NCE
there are two contact arns, the forces on the contact balls of the BGA are
bafanced and thus no forces are transnitted to either the |IC device or 15

t he socket structure s | t he _contacts ecause the tips are
i nwardly bent, thé” %%ﬁ?’gpglrlé‘ & §e%5§t E?eg 1Ee PITRS 1@ CEVELRrel y
mai nt ai ned wi t hi n views,ockest wneregarticular the test socket of the present

20 invention includes pal loflselae brspabtYvi Ngiddtid % rﬁﬁl@rt'e@t’ an array

of contacts supporte he bgse, e array at least including a pattern
of contacts soc e according to the préesent invention;

5 Figure 2 is a perspective view of a pair of
contacts designed for use in the socket of Figure 1;

Figure 3 is a perspective view of a portion of the
socket of Figure 1 illustrating the relationship
between the contacts of Figure 2 and the BGA IC device

10 which is to be tested;

Figure 4 is a perspective view, with a portion in
cross-gsection, of contact actuating members of the test
socket of Figure 1;

Pigure 5 is a perspective view of the test socket

15 of Figure 1 with the cover removed; and

Figure 6 is a view similar to that of Figure 5
with the test socket in a position to accept a BGA
device.

20 Descripti I Embodiment

Figure 1 illustrates a ball grid array (BGA)
socket generally indicated as 10. The socket 10
includes a base 12 of electrically insulating material,

25 & cover 14 and an operating mechanism 16 disposed
between the base 12 and the cover 14. The cover 14
includes an opening 18 in the shape of the BGA
integrated circuit device (not shown) with which the
socket 10 is to be used.

30 Figures 2 and 3 illustrate the contacts 20
disposed within the operating mechanism 16 of the
socket 10 which are designed to make an electrical
connection with the BGA device. Each contact 20
includes two cantilever arms 22 and 24 which terminate

35 in tips 26 and 28 offset from each other relative to
the direction of travel of the arms 22 and 24. The



corresponding to the ball grid array of the integrated circuit device, each
contact including a set of two 25 cantilever arng biased toward each other
and termnating in tips adapted to capture one ball of the ball grid array
integrated circuit device, and neans for simultaneously separating each of
the sets of thewomseasssf contacts so that the balls of the bal | PCrDSISAE87
array device may be inserted one within each of the set of contact arns.
Brief Description of the Draw ngs 35 The present invention will be

o & poroudhly described %5t0nd PHle Wt WTeBITQURRIVAILY MMl 1Se
| i ke nunbers refer tometRd pack 2§ rFanRes Orcfd 24le¥soOf agePRRer and so
attempt to return to the position shown in Figure 3
when the tips 26 and 28 are spread apart. The contacts
5 20 further include a tail 30 for electrical contact to
a circuit board or the like.

Figure 2 shows the tails 30 of the contacts
inserted through the base 12, with the contacts
arranged in an array of rows and columns. Located

10 between adjacent rows of contacts 20 are racks 32
having attached thereto triangular projections 34 which
engage the tip portions 26 and 28 of the contacts 20.
The racks 32 are connected at one end to a guide 36
which moves with the rack 32 to move as will be

15 described below. It can be seen in Figure 2 that every
other rack illustrated is connected to one of the
guides 36 illustrated. This arrangement is such that
every other rack 32 travels in the same direction with
intermediate racks 32 traveling in the opposite

20 direction. The direction of travel of two adjacent
racks 32 is indicated by the arrows 38.

It will be noted that the tips 26 and 28 of
adjacent rows of contacts 20 are offset in opposite
directions. this allows one rack 32 with triangular

25 projections 34 on each side to operate on two tips 26,
28 of two rows of contacts 20 and so reduce the
complexity of the mechanism involved.

Figure 4 illustrates how the contacts 20 engage
the solder balls 40 of a BGA device. The flat surfaces

30 of the solder balls 40 indicate the plane at which the
balls 40 are attached to the BGA device (not shown).
As can also be seen in Pigure 3, the tips 26 and 28 of
the contacts 20 are twisted toward each other so that
the engagement surfaces of the tips 26 and 28 are

35 tangential to the solder balls. This arrangement
allows a maximum area of the contact tips 26 an 28 to



Figure 1 is a perspective view of a BGA test socket according to the

prgsf:m'r lnvention: 5 Fi gure 2 is.a per Qppcti\/p view of a pajr of
contacts designed for use in the socket of Figure 1; Figure 3 is a
perspective view of a portion of the socket of Figure 1 illustrating the

rel ati onshi p(woeé/ze88h t he contacts of Figure 2 and the BGA | @curshured0
which is to be tested; Figure 4 is a perspective view, with a portion in
cross-section, of contact actuating nenbers of the test socket of Figure 1;

cover remved: | and oo the; Baa1e: 8, AFE mIR A My gPurtd 8tsthFth he
test socket in a padilisi 40 -t oThecapount BHA tividtc mece@sabysteri pesvhtoint he
Preferred Enbodi mafhgeh@da® énkhbbféheiSf thddlilpled arlr 28 4B@¢neocket
generally IndlCat%%l%%rlga11264soﬁgfi Aégend upon the diameter of the
5 balls 40. It will also be noted that the engagement
portion of the tips 26 and 28 are bent inwardly where
they engage the solder balls 40. This results in a
downward force on the solder balls 40 which aids in the
retention of the IC device within the socket 10.
10 Figures 5 and 6 illustrate the socket 10 with the
cover 14 removed to expose the operating mechanism 16
disposed within the socket 10. Figure 5 illustrates
the mechanism 16 in a position wherein the contacts 20
would be closed and thus would grip the solder balls 40
15 of a BGA device if one were in place within the socket
10. Figure 6 illustrates the mechanism 16 in the open
position wherein the contacts 20 are spread and ready
to receive the solder balls 40 of the BGA device.
The mechanism 16 includes two identical U-shaped
20 brackets 42 and 44 each having a formed cross piece 46
and two upstanding arms 48 and 50 extending
substantially perpendicular to the cross piece 46. The
two brackets 42 and 44 are nested facing each other and
have their arms 48 and 50 pinned to each other at
25 approximately their midpoints with a hole and slot
arrangement which allows the arms 48 and 50 of each
bracket 42 and 44 to slide relative to each other as
the ends of the arms 48 and 50 move up and down. The
lower portions of the cross pieces 46 are pivoted
30 within slots in the base 12 and the upper portions of
the cross pieces 46 engage the ends of the racks 32
which include the guides 36. The dimensions of the
brackets 42 and 44 are chosen such that the upper
portions of the cross pieces 46 are forced apart, and
35 thus the arms 48 and 50 forced upwardly, when the
contacts 20 are closed and thus the guides 36 are at



i ncludes a base 12 of electrically insulating material, 25 a cover 14 and
-an operating mechani sm 16 _di sposed between the base 12 and _the cover 14.
The cover 14 includes an opening 18 in the shape of the BGA integrated
circuit device (not shown) with which the socket 10 is to be used. 30
Figures 2 and 3 wilogaigsat e the contacts 20 di sposed within the @eensds1s9s7
mechani sm 16 of the socket 10 which are designed to make an el ectri cal
connection with the BGA device. Each contact 20 includes two cantil ever

arns 22 and 24 which t
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rmnate .35 in ti 28 fset .fro ach ot her
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their maximum separation is illRETtiraEed/ bgo8Tmpamindg 2

and 24 are of a resiligpl pRigRb}sCOPILRE i¥Bate 52 which supports the guides

10

15

20

25

30

35

36 on the right side of the socket 10 and the ends 54
of the racks 32 adjacent these guides 36. In Figure 5,
which corresponds to the closed position of the
contacts 20, there is a large separation between the
ends 54 of the racks 32 and the plate 52, which
indicates that the guides 36 are at their widest
separation. In Figure 6, which corresponds to the open
position of the contacts 20, the ends of the racks 32
have fully approached the plate 52, indicating maximum
travel of the racks 32 and thus full opening of the
contacts 20.

To insert a BGA device in the socket 10, the cover
14 is depressed which forces the ends of the arms 48
and 50 downwardly. This motion of the arms 48 and 50
causes the upper portions of the cross pieces 46 to
approach each other and thus force the guides 36 and
their associated racks 32 toward each other to open the
contacts 20. The guides 36 are then in a position to
define the placement of the BGA device on the top of
the racks 32.

Once the BGA device is placed between the guides
36, the solder balls 40 attached to its bottom side are
positioned within the open contacts 20 and the socket
10 is ready to be closed. Releasing the downward
pressure on the cover 10 allows the natural resiliency
of the contacts 20 to cause the contacts 20 to close
around the solder balls 40. At the same time, the

"racks 32 are forced in opposite directions to fully

separate the guides 36. This action raises the arms 48
and 50 and thus the cover 14.

Thus there has been described a test and burn-in
socket for ball grid array integrated circuit devices
which uses two contact arms to grip each sclder ball of



metal such as copper or an alloy of copper, and so attenpt to return to the
position shown in Eigure 3 when ]

contacts 5 20 further include a tail 30 for electrical contact to a circuit
board or the like. Figure 2 shows the tails 30 of the contacts inserted
through thevwmesn488d, with the contacts arranged in an arrayPOf/usesmnessand
colums. Located 10 between adjacent rows of contacts 20 are racks 32
havi ng attached thereto triangul ar projections 34 which engage the tip
portions 26 and of . the conf.acts, 20. The racks 3 e _connected at one
end to a guide Sé%%i%envﬁvegl\%%fshtfﬁeamﬁkazé'i 'f%e(%b%oracs?svwalrle be 15

descri bed bel ow. balanged s $dendeNifpgand 2 lakge evantpatt lanear pek
ilTustrated is copgectsy ddrioRd ehibhepseirefes anddditd amRd sollies

arrangenment is such that every other rack 32 travels in the same direction
with intermedi ate”? 's 32 traveling in the opposite 20 direction. The
direction of #ravel ofalthougly &bentinvention has been described with

respect to only a single embodiment, it will be
recognized to those skilled in the art that many
modifications are possible. For example, the cover
could be removed entirely and the arms actuated

10 directly. In addition, the arms could be longer or
shorter to require a greater or lesser travel of the
cover.



racks 32 is indicated by the arrows—38—tt—wti—benoted that the tips 26
and 28 of adjacent

rows of contac in opposite directjions.
thi's allows one rack 32 with tri altmﬂ ‘lﬂ&l EWﬂHtlons 34 on each side to

operate on two ti

ps 26, 28 of two rOWS O

contsact*'s 20 and so reduce the

conplexity of thwoowedssni sminvolved. Figure 4 illustrates how pOPUSBNEWIL S

20 engage the sol der

balls 40 of a BGA device. The flat surfaces 30 of the

sol der balls 40 indicate the plane at which the balls 40 are attached to
t he BGA device (not shqwn). As can also be seen in Figure 3, the tips 26

and, 28 of the contact

re twi sted toward each other so that the

engagement surfaces of the tips 26 and 28 are 35 tangential to the sol der
This arrangement ahl ong feSBXsMR¥REAMERSY YenpBeatPNtofhedt Hon 6k an 28
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ball grid array integrated circuit device to a test
circuit, the test socket comprising:

a base of electrically insulating material;

an array of contacts supported by said base, said
array at least 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 biased toward each other and
terminating in tips adapted to capture one ball of the
ball grid array integrated circuit device;

means for simultaneocusly separating each of said
sets of said array of contacts so that the balls of the
ball grid array device maybe inserted one within each
of said set of contact arms.

2. A test socket according to claim 1 wherein
said tips of said contacts are offset with respect to
the direction of wmovement of said tips and wherein said
tips are twisted toward each other to engage the balls
over a maximum area.

3. A test socket according to claim 1 wherein
said means for separating said contact tips includes a
rack associated with each of said tips and means for
forcing adjacent racks in opposite directionms.

4. A test socket according to claim 3 wherein
said means for forcing said racks in opposite
directions includes a linkage of two U-shaped pieces
each of a cross piece and two upstanding arms, and
wherein said arms are connected such that pressure on
said arms at a point distant from said cross pieces
causes said cross pieces to approach each other, and
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contact the halls 40 and preve } e_balls 40 The anount

- of twi st necessary to result int i | nt of the tips 26 and 28
and the solder balls 40 w | depeﬂ Ml !!Eﬂgf“% ter of the 5 balls 40. It
w || al so bewoespass hat t he engag the tips P2CTASSS/BBIar e

“bent inwardly where they engage the solder balls 40. This results in a
downward force on the solder balls 40 which aids in the retention of the IC
device within the 10. - i | rate the
socket 10 with heagggggnlga}%rorroa\‘/%kd? el e&%%@g’%te aeggg'é’g% ién%f‘}re%%snsltsm 16

di sposed wi t hi n®t hPiegeReand gnoye giirth matijops ofapaidt AEOSRPHEFSAN 16 in a
position wherein the contacts 20 would be closed and thus would grip the

sol der balls 40, 15 of B devi ce i,/ .one wer.e_in_place.w i hin.the socket
10. Figure 6 i1tustrated-tH ?‘%%%asn‘?cgcrﬁtl@qcﬁrtdﬁggoﬁgng%% mt‘# o%u%?rei n the

contacts 20 are2spipadudingraamemver including an opening for accepting a
3 ball grid array device and a surface contacting said

arm ends to pressure said arms as said cover is
depressed and thus cause said cross pieces to approach

N o

each other.

6. A test socket according to claim 5 further
including means on said base and said cover for
cooperatively guiding said cover with respect to said

W N R

base as said cover is depressed.



to receive the solder balls 40 of the BGA device. The nechani sm 16 i ncl udes
two identical Ukshaped 20 brackets-42.and 44 each having a forned craoss

- pi'ece 46 and two upstanding arns 48 and 50 extendi ng substantially

per pendi cular to the cross piece 46. The two brackets 42 and 44 are nested
faci ng each wobgr4ssnd have their arnms 48 and 50 pinned to ercivusssness7at 25
approximately their mdpoints with a hole and sl ot arrangenent which all ows
the arns 48 and 50 of each bracket 42 and 44 to slide relative to each
other as the ends of the arms 48 and 50 mowggup and down. The | ower
portions of the cross pieces 46 are pivoted 30 within slots in the base 12
and the upper portions of the cross pieces 46 engage the ends of the racks
32 which include the guides 36. The di nensi ons of the brackets 42 and 44
are chosen such that the upper portiongof the cross piecgs 46 are forced
apart, and 35 thus the arns 48 and 5@/ \or ced upwar dl y, en the contacts
20 are closed and thus the gui des 36 /&g at —

<<
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WD 96/ 24854 PCT/ US95/ 16987 their
maxi num separation  That the gui des.36-are_at their nmaximim separation is

illustrated by conparing. the positions of the plate 52 which supports the
gui des 36 on the right side of the socket 10 and the ends 54 5 of the racks
32 adj acent Wesedssdi des 36. I n Figure5§ whi ch corresponds »pcrnsIsnedspsed
position of the contacts 20, there is $arge separation between the ends
54-of the racks 32 and the plate 52, which indicates that the guides 36 are
‘at their wi dest 10 separation. In Figure 6, which corresponds to the open

position of the contacts 20, the ends ""‘-;j fully approached
Y

the plate 52, indicating maxi nrumtrave s =and thus full
openi ng of the contacts 20. 15 BA\ devite in the socket
10, the cover A

=




14°is depressed which forces the ends of the arns 48 and 50 downwardly.
This_ontion of the arns 48 and_50 causes _the upper portjions of the craoss

pi éces 46 to approach each other and thus force the guides 36 and 20 their
associ ated racks 32 toward each other to open the contacts 20. The guides
36 are then wossngssition to define the placenent of the BGhcgaiso9ssogn t he
top of the racks 32. Once the BGA device is placed between the guides 25
36; the solder balls 40 attached to its bottom side are positioned wthin
t he open contacts 20 and the socket 10 is rggdy to be closed. Releasing the
downward pressure on the cover 10 allows the natural resiliency of the
contacts 20 to cause the contacts 20 to close 30 around the sol der balls
40. At the sanme time, the racks 32 are forced in opposite directions to
fully separate the guides 36. This action raises the arns 48 and 50 and
thus the cover 14. Thus there has been described a test and burn-in

30




35°socket for ball grid array integrated circuit devices which uses two
contact arns to grip each solder ball_.of 6 WD 96/ 24854

PCT/ US95/ 16987 the device Since two arns are used, forces are bal anced on

the device and a |arge contact area per ball is defined which prevents
damage to t hawvossddess balls. 5 Al t hough the invention hecrrssemses?
described with respect to only a single enbodinent, it will be recognized

to*those skilled in the art that many nodifications are possible. For
exanpl e, the cover could be renoved entire and the arns actuated 10
directly. In addition, the arns could be |onger or shorter to require a
greater or |esser travel of the cover.
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Caing:._1 1. A test socket for tenporary connection of a 2 ball grid
arfay integrated circuit device to a test 3 circuit, the test socket
conprising: 4 a base of electrically insulating material; 5 an

array of commeszssmupported by said base, said 6 array at |epcivusssnedsudi ng a
pattern of contacts 7 corresponding to the ball grid array of the
integrated 8 circuit device, each contact including a set of two 9
cantilever arnms biased toward each other angglO termnating in tips
adapted to capture one ball of the 11 ball grid array integrated circuit
device; 12 means for sinultaneously separatgpg each of said 13 sets
of said array of contacts so that the balls of the




14 " ball grid array device maybe inserted one within each 15 of said set

of coentact arns.—1 2. A test.socket.according to claimi wherein 2
said tips of said contacts are offset with respect to 3 the direction of
novenent of said tips and wherein said 4 tips are twisted toward each ot her
t 0 engage tIwoberk48s4 5 over a maxi numarea. 1 3. At ectwsesricssy
according to claim1l wherein 2 said neans for separating said contact tips
in¢ludes a 3 rack associated with each of said tips and neans for 4 forcing
adj;acent racks in opposite directions. 1 6/63 A test socket accordi ng
to claim3 wherein 2 said neans for forcing S!Id racks in opposite 3
directions includes a |inkage of two U shaped pieces 4 each of a cross

pi ece and two upstanding arns, and 5 wherein said arns are connected such
that pressure on 6 said arns at a point distant fedom said cross pieces 7
causes said cross pieces to approach each other, 3&nd :

46

12

Fig6




WO 96/ 24854 PCT/ US95/ 16987 8 wherein safld @a&is $- 8

ar ¢sdisposed between said cross.9 pieces and npue with notion of said cross
pieces. 1 5. A test socket according to claim4 furthergd i ncRUtfMg copy

a cover including an opening for accepting a 3 ball grid arrgipeEYi ce and a

surface contactg aid 4 ag,g]ug rasakivors it ™ as S@MEover is 5
depressed and t cause sai d cross immewetBues approach 6 each Other. 1
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