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a plastic ehcapsulated sem conductor integrated circuit chip
hereafter be referreddogedSasshazushi P) i s subjected to an

property test of a rerrabrrrry‘rggr“talled a

Field of the Invention

This invention relates to a socket for removably
loading an electric part having a large number of lead
terminals in order to effect an electrical commection with

each lead terminal.

Background of the Invention

At semiconductor manufacturing plants, it is generally
the case that an IC package comprising a plastic
encapsulated semiconductor integrated circuit chip (which
will hereafter be referred to as an IC chip) is subjected to
an electrical property test or a reliability test called a
burn-in test prior to its shipment in order to separate good
from bad product. The electrical property test is carried
out for the purpose of inspecting the input-output
characteristics, pulse characteristics, noise leeway, and
the like of the IC chips. In the burn-in test, the IC
packageé which pass the electrical property test are placed
in an oven and operated for a certain period of time under
an electrig voltage source which is larger than the rated

value by approximately 20 percent =t a high temperature, 120

| ead



15 burn-in test prior to its shipnent in order to separate good from bad
product. The electrical property test is carried out for the purpose of

i nspecttng ‘t he i nput-output characteristics, pulse characteristics, noise
| eeway, and the like of the IC chips. In the burn-in test, the I1C 20
packages which pass the el ectrical progerty test are placed in an oven and
operated for a certain period of tine dnder an electric voltage source
which is larger than the rated val ue by approxi mately 20 percent at a high
tenperature, 120 -2 -

degrees centigrade, for example. The IC packages which
perform unsatisfactorily in the burn-in test are discarded
as béing unsatisfactory and only the IC package which
continue to perform normally are shipped out as satisfactory

5 products.

A new IC package of the surface loading type, a BGA
{Ball Grid Arfay) package having ball-shaped lead terminals
{solder balls) ip the shape of a matrix or a zigzaénon the
10 bottom of the package, is becoﬁing popular. ‘rhe BGA package
has such features as a wide terminal pitch despite the small
outside dimensions and strong lead terminals, thereby making

them resistant against deformations by contacts.

15 Figs. 33 thiough 36 show the construction 6f a burn-iﬁ
socket according to the prior art for loading a BGA package.
Fig. 33 is a plan figure, Fig. 34 is a side view, Fig 35 is
a cross section, and Fig. 36 is an enlarged view of dashed
line portion H of Fig. 35.

20

This socket comprises a base 100 as a main sockét body
to be fixed on a printed substrate (which is hot shown in
the drawings) and a cover 102 installed in such a way as to

be opened or closed by a hinge on base 100. On one side of



degrees centigrade, for exanple. The | C packages which perform
unsatisfactorily in the burn-in test are discarded as being unsatlsfactory
and ohl’y the IC package whi ch continue to performnormally are shipped out
as satisfactory 5 products. A new | C package of the surface |oading type,
a BGA (Ball Gid Array) package having ball-shaped | ead term nals (sol der
balls) in the shape of a matrix or a zigzag on the 10 bottom of the
package, is becom ng popul ar. The BGA package has such features as a w de
termnal pitch despite the small outsi€e di nensions and strong | ead

term nals, thereby making themresistant against deformations by contacts.
15 - Figs. 33 through 36 show the construction of a burn-in

base 100, a hinge 106 is profided with a twisted coil spring
104 mounted on a shaft 110 journaled in base 100, the spring
having respective ends received in recesses formed in the *
cover and base. Shaft 110 is also received in a bore formed

5 in plate 108 of hinge 106 formed integrally with the lower
surface of cne side of cover 102, thereby making it possible
for the cover 102-t§ rotate about rotary shaft 110 of hinge
106.

10 A rotary shaft 112 is provided on the opposite side of
cover 102 with a latch 114 mounted on the shaft for holding
cover 102 closed on base 100. A hook ll4a of latch 114 is
engageable with a protuberance or step part 100a provided on
the opposing side of base 100 in order to close cover 114 .

15 relative to the upper surface of base 100. A lever 116
extends integrally with latch 114 in the opposite direction
and, as this lever 116 is rotated in opposition to a
compression coil spring 118, latch 114 is displaced from
protuberance 100a of base 100, with a result that the cover

20 .102 is opened.



socket according to the prior art for |oading a BGA package. Fig. 33 is a
plan figure, Fig. 34 is a side view, Fig 35 is a cross section, and Fig. 36
i s an‘*enl arged view of dashed Iine portion Hof Fig. 35. 20 This socket
conprises a base 100 as a main socket body to be fixed on a printed
substrate (which is not shown in the draw ngs) and a cover 102 installed in
such a way as to be opened or closed by?a hinge on base 100. On one side of
-3- . . .
A cavity 100b is formed on the upper surface of base
100 as shown in Fig. 35 and an adaptor plate 120 is disposed
inside of cavity 100b. On the bottom of the cavity 100b, a
large number of contacts 124 are mounted in a patternlwhich
5 corresponds to the lead terminal pattern of the BGA package
122 which is to be loaded in the socket. The lower end 124c¢
of each contact 124 that protrndes downwardly from the base
is inserted into a mating aperture of the printed substrate

(which is not shown in the drawings) as a socket terminal

10 pin.

An aperture 120a extending through adaptor plate 120 of
such a size as wiil accommodate the lead terminal (solder
ball) 122a of BGA package 122 is provided at the portion of

15 the adaptor plate 120 that corresponds to each contact 124,
and the top portion 124a of each contact 124 is inserted
into each aperture 120a in such a manner as to be able to
move in a vertical direction. The intermediate part 124b of
each contact 124 which extends between the bottom wall

20 defining cavity 100b and the adaptor plate 120 forms a bent
spring part which is generally in the shape of either a C or
an S. Part 124b is so arranged as to elastically deform
under the force (push-down force) applied on the upper end

portion 124a from above.



base 100, a hinge 106 is provided with a twisted coil spring 104 nounted on
a shaft 110 journaled in base*100, the spring having respective ends

recei Ved i recesses formed in the cover and base. Shaft 110 is also
received in a bore formed 5 in plate 108 of hinge 106 fornmed integrally
with the |l ower surface of one side of cover 102, thereby nmaking it possible
for the cover 102 to rotate about rotardy shaft. 110 of hinge 106. 10 A
rotary shaft 112 is provided on the opposite side of cover 102 with a latch
114 nmounted on the shaft for hol ding cover 102 cl osed on base 100. A hook

114a of latch 114,45 10Aa30820ME Py P SERNEEcRigs 18R BRf basdO2
provi ded on thexéipoging s?de o#ﬁ%asé %%Qin ordeg ?o %Iose cover 114,
100, each lead terminal 122a is placed on the top portion

124a of a respective contact 124 at a respective aperture
120a of adaptor plate 120. When the cover is closed to
5 cover BGA package 122 from above, the curved spring_part
124b of each contact 124 is elastically deformed by the
compressive force from cover 102 and each lead terminal 122a
and the top portion {contact part) 1l24a of the contact
together move perpendicularly downwardly, with a c;nsequence
10 that an electric connection is obtained by compressive
engagement between each terminal 122a and a respective

contact portion 1l24a.

However, a socket made according to the prior art as
15 described above has a number of associated problems. First,
each lead terminal (solder ball) 122a makes a compressive
engagement with each contact 124 on its lower or bottom
surface portion with a resultlﬁhat the lower surface portion
tends to become damaged or deformed. It is thé bottom
20 portion of the ball 122a that most seriously affects the
soldering at the time a BGA package 122 is loaded onto a
printed substrate and it is undesirable to damage or deform

this important part during the burn-in test.

T



15 relative to the upper surface of base 100. A |ever 116 extends
integrally with latch 114 in the opposite directionn and, as this |ever 116
is rotated’in opposition to a conpression coil spring 118, latch 114 is

di spl aced from protuberance |1 00a of base 100, with a result that the cover
20 102 is opened. -4- A cavity 100b is fornmed on the upper surface of
base 100 as shown in Fig. 35 and an ad&ptor plate 120 i s di sposed inside of
cavity 100b. On the bottom of the cavity 100b, a ’

In this socket, further, the BGA package 122 is held
between cover 102 and contact 124 and receives a force
perpendicular to the package surface from both components,
an upward and a downward force. The total force that the

5 package receives is f*n which is a wvalue obtained by
multiplying the force f between one lead terminal 122a and a
respective éontact 124 by the total number of the lead
termisals n. Assume, for example, the number n of the lead
terminals is 500 and that the force for each £ is 30 grams.

0 Ther, the force that the BGA package 122 receives will be as

large as 15 kilograms.

Generally, the IC package is fixed in a structure with
the IC chip containing wires bonded on a substrate with the
1S wires on both surfaces covered with a molded reéin and with
the lead terminals.(solder ball) being exposed on the bottom
side of the substrate. When a large force such as the one
described above is applied to the BGA package having such a
construction, there is a possibility for the wires to be cut

20 or the chip to be damaged inside the package.

'In the conventional socket described above, the contact
portion (upper edge) l24a of the contact 124 is displaced
downwardly together with the lead terminal 122a inside

25 aperture 120a of the adaptor plate 120 causing the C-shaped



| ar ge nunber of contacts 124

are nounted in a pattern which 5 corresponds

to the lead termnal pattern of the BGA package 122 which is to be | oaded

in thé socket. The |ower end 124c of each contact 124 that protrudes

downwardly fromthe base is inserted into a mating aperture of the printed

substrate (which is not shown in the draw ngs) as a socket term nal
An aperture 120a extendi ng through adapfor plate 120 of such a size as wll
accomobdate the | ead term nal (solder ball) 122a of BGA package 122
provi ded at the portion of 15 the adaptor plate 120 that corresponds to

each contact 1 4Bh§€§%tm€}ﬁgd§9§£iré{'rtl%%z%de%éﬁaﬁ?a?@ 124, i i nserted

i'nto each apérture

10

15

20

a |l n suc nner as to
the contact 124 to be deformed in the direction of

decreasging the radius of curvature, thereby generating an
elastic force in the vertical direction. In view of the
fact that the intermediate part of the contact 124 is curved
in the shape of either C or 8, the effective length (the
conductor distance from contact part 124a to the distal tip
of the terminal pin 124c) of contact 124 is swhstantially
long, which is not desirable from an electrical

characteristic standpoint.

In addition, since the displacement of contact 124
reaches a maximum value when cover '102 has been completely
closed, and this is maintained throughout the duration of
the burn-in test, ﬁ large stress is placed on contact 124
for a long period of time so that contact 124 tends to
become fatigued and loses durability. Moreover, protrusion
1244 of contact 124 is compressively inserted into the
aperture of base 100, in effect biting into it. 1In such a
construction in which contact 124 is pressed into the base
106 for mounting, the installation of contact 124 becomes
complicated and i; becomes difficult to replace a defective
contact 124 after installa;ion, thereby making it necessary

to replace the entire socket in some cases.

10 pin.

is



nove in a vertical direction. The intermedi ate part 124b of each contact
124 whi ch extends between the bottomwall 20 defining cavity |00b and the
adapt 6r plate 120 forns a bent spring part which is generally in the shape
of either a Cor an S. Part 124b is so arranged as to elastically deform
under the force (push-down force) applied on the upper end portion 124a
from above. -5- Upon | oadi ng and pos%tioni ng of BGA package 122 on base
100, each lead term nal 122a is placed on the top portion ’

As noted above, in a conventional socket, cover 102 is
mounted for rotation by means 6f a hinge 106 and the cover
is placed on the BGA package 122 that has been positioned in
base 100 to thereby provide a force between the lead

5 _términals_122a of the BGA paékage 122 and respective

contacts 124.

In such a construction, the force changes as #he
thickness of the package 122 becomes different. When the
10 thickness of the BGA package 122 is small, there is a
possibility that the force is insufficient and the
connection therefore becomes unsatisfactory. Wwhen the
thickness of the BGA_package 122 is large, on the other
hand, the force becomes excessively large and contact 124
15 may be deformed, with a resulﬁ that a consistent level of
force cannot be obtained with packages having different

thicknesses.

Since cover 102 covers BGA package 122, heat
20 dissipation from the BGA package will not be satisfactory
and there is a danger of the BGA package i22 being
. excessively heated. In addition to this, there are other
shortcomings in that the rotary type cover 102 tends to take
up excessive space when open and the construction of the

25 device for automatically carrying out the loading and



124a of a respective contact 124 at a respective aperture 120a of adaptor
pl ate 120. Wen the cover is closed to 5 cover BGA package 122 from above,
the cdrved'spring part 124b of each contact 124 is elastically defornmed by
the conpressive force fromcover 102 and each |lead term nal 122a and the
top portion (contact part) 124a of the contact together nove
perpendi cularly downwardly, with a coﬁ?équence 10 that an electric

connection is obtained by conpressive engagenent between each term nal
and a respective contact portion 124a. However,

122a

a socket made according to

the prior anhiesditly dpeeatbed cene baparrkagehethdfoprniog ah&d probl ens.
First, eachciead t erm nal S%%!d r ballz 122a makes .a conpressive

10
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20

osing operatio the cove and the locking and
releasing operation of the latch becomes extremely

complicated.

Summary of the.Invéntion

It iz an object of the present invention to provide
socket apparatus which overcomes the problems of tﬂé
conventional technology described above. Another object of
the present invention is the provision of a socket which is
suitable for electrical connection with the lead terminals

of an electric part such as a BGA package.

Yet another object of the invention is the provision of
a socket having a contact element which has such electric
property characteristics and durability as are suitable for

connection with the lead terminals of a BMG type package.

Still another object of the invention is the provision
of a socket capable of obtaining a consistent, Selected
level of force between each lead terminal and éach
regpective contact element without being affected by the

thickness of the main body of the electric part.

R



engagenment wth each contact 124 on its | ower or bottom surface portion
wth a result that the | ower surface portion tends to becone danaged or
defornméd. It is the bottom 20 portion of the ball 122a that nost seriously
affects the soldering at the time a BGA package 122 is | oaded onto a
printed substrate and it is undesirable to damage or deformthis inportant
part during the burn-in test. -6- IT%his socket, further, the BGA
package 122 is held between cover 102 and contact 124 and receives a force

Another object of the invention is the provision of a
socket which can conserve space and which can easily be used
for automation of loading and unloading of the electric

part.

Still another object of the invention is the provision
of a socket which makes it easy to install or remove the
contact elements in the main socket body.

10 Briefly, in accordance with the iavention, a socket
made in accordance with the invention comprises a main
socket body for removably loading an electric part having
lead terminals arranged in accordance with a prescribed
pattern, a plﬁrality of dontact elements mounted in the

15 socket body in a pattern corresponding to the pattern of the
lead terminals of the electric part at prescribed locations
of the socket body, the contact elements having a pair of
eiongated arm-shaped contact parts capable of elastically
opening and closing for compressive engagement with each

20 respective lead terminal of the electric part in such a way
as to hold it and a contact opening and closing mechanism
for opening and closing the pair of arm-shaped contacts of

each of the contact elements.



per pendi cul ar to the package surface from both conponents, an upward and a
downward force. The total force that the 5 package receives is f*n which is
a val ue obtained by multiplying the force f between one |ead term nal 122a
and a respective contact 124 .by the total nunmber of the lead termnals n.
Assune, for exanple, the nunber n of the lead termnals is 500 and -that the
force for each f is 30 grams. 10 Themnithe force that the BGA package 122
receives will be as large as 15 kilograns. Cenerally, the |IC package is
fixed in a structure with the IC chip containing wires bonded on a -
substrate with the 15 wires on_both surfaces, covered w.th ac%glded resin

and with the | eadCTFHMTL £ sErHRTDHLE TP AHEESBBe P DFIHE bot t om

comprises a cover adapted to move vertically up and down
relative to the main sockeﬁ body, a slide plate slidable in
an opening and closing direction of the pair of arm-shaped
5 contact parts in a plane which is approximately
perpendicular to the longitudinal axis of the contact
elements on the said main socket body, an aperture for
accommodating a pair of ths arm-shaped contact parts of the
contact elements provided in the glide plate at a location
10 corresponding to each of the contact elements and an
engagement part of the slide glaté for engagement with one
of the arm-shaped contact parts formed thereon, a spring
member whicp elastically biases the slide plate in the
direction in which the pair of arm-shaped contact parts of
iS5 each of the contact elements is closed'and a lever member
which moves the slide plate in the direction in which the
pair of the arm-shaped contact parts of the contact element

are opened in opposition to the spring member.

20 According to yet another feature of the invention, each
contact element is provided with an engagement portion which
interacts with an engagement portion formed in an aperture
formed in a stop meqber which receives a respective ccntact
element. When the stop membef is moved in a selected

25 direction the engagement part in each aperture of the stop



side of the substrate. When a | arge force such as the one descri bed above
Is applied to the BGA package havi ng such a construction, there is a
possibi'flity ' for the wires to be cut 20 or the chip to be danmaged inside the
package. In the conventional socket described above, the contact portion
(upper edge) 124a of the tontact 124 is displaced dowmmwardly together with
the lead termnal 122a inside 25 apertufi2-120a of the adaptor plate 120
causi ng the C-shaped -7- or S-shaped internediate part (curved spring
part) 124b of

member is engaged with the engagement part of each contact
element to éecurely hold the contact element. When the stop
member is moved iﬁ the opposite direction, the engagement
pvarts separate thereby making it possible for each contact

5 element to be replaced.

According to a feature of the invention, when the
ogening and closing mechanism of the contact parts wove in a
prescribed direction when an electric part is being loaded,
10 the pair of arm-shaped contact parts of each contact element
are relatively displaced in mutﬁally closing directions,
thereby compressively engaging a lead terminal in such a way
as to hold the terminal from generally opposite sides. when
the opening and closing mechanism of the contact part moves
15 in the opposite direction, the pair of arm-shaped contact
parts of each contact element are displaced relatively in
mutually opening directions, thereby being separated from

each lead terminal.

20 According to another feature of the invention, the
opening and closing mechanism of the contact parts in the
socket comprises the_qover, the slide plate, a spring
member, and a lever member. When the downward force on éhe
cover is removed when the electric part is being loaded, the

25 pair of arm-shaped contact parts of each contact element are



the contact 124 to be defornmed in the direction of decreasing the radius of
curvature, thereby generating an elastic force in the vertical direction.
In viéw of 'the 5 fact that the internediate part of the contact 124 is
curved in the shape of either Cor S, the effective length (the conductor

di stance fromcontact part 124a to the distal tip of the termnal pin 124c)
of contact 124 is substantially long,-Which is not desirable from an

el ectrical 10 characteristic standpoint. In addition, since the

di spl acenent of contact 124 reaches a naxinun1va|ue when cover 102 has been

conpletely gl 01981 L Seddd lﬁ'ﬁkﬂgal ed .4 ? %]D’iugtz e dyration of 15 the

burn-in test, a ar ge stress 1IS pl ace on C
thereby engaging each lead terminal. At this time, the

slide plate slides in one direction by the elastic return
force of the spring member, with a result that the cover

5 rises through a lever member. When the cover is pushed
down, the lever member slides the slide plate in the
opposite direction in opposition to the spring member, with
a result that the arm-shaped contact parts o~f each contact
element are relatlvely displaced in the mutually opening

10 direction, thereby separating each lead tarminal.

According to another feature of the invention, an
opening in the cover is provided to facilitate loading and
unloading an electric part through the opeping and, in

15 addition, to effectively dissipate heat generated from the

electric part.

According to another feature of the invention, a latch
member moves between.a first position engaging the electric
20 part and a second position free of the electric part in
dependence upon the vertical movement of the covei through

the latch operating means.



for a long period of tinme so that contact 124 tends to becone fatigued and
| oses durability. Moreover, protrusion 124d of contact 124 is conpressively
inserted into the aperture of base 100, in effect biting intoit. In such a
20 construction in which contact 124 is pressed into the base 100 for
mounting, the installation of contact 124 becones conplicated and it
becones difficult to replace a def ect T¥& contact 124 after installation,

thereby nmaking it necessary to replace the entire socket
- 8-

Brief Description of the Drawings

Fig. 1 is a top plan view of a socket made

accordance with the invention;

in some cases.

Fig. 2 is a side view of the Fig. 1 socket as viewed in

the direction indicated by arrow mark A in Fig.

1;

Fig. 3 is a side view of the Fig. 1 socket as viewed in

10 the direction indicated by arrow mark B in Fig.

1;

Figs. 4(aA), 4(B), and 4(C) are top, side, and bottom

views respectively of a BGA package that is to be loaded on

the Figs. 1-3 socket; .
15

Figs. 5(A) and 5(B) are top and front elevational views

respectively of contact elements used in the Figs. 1-3

structure;

20 Figs. 5(A') and 5(B') are views similar to Figs. 5(A)

and 5(B) of a mirror image version of the contact element

and Fig. 5(C) is a side view of ﬁhe contact element;



As noted above, in a conventional socket, cover 102 is nounted for rotation
by nmeans of a hinge 106 and the cover is placed on the BGA package 122 that
has béen positioned in base 100 to thereby provide a force between the |ead
5 termnals 122a of the BGA package 122 and respective contacts 124. In
such a construction, the force changes as the thickness of the package 122
becones different. When the 10 thicknebks of the BGA package 122 is small
there is a possibility that the force is insufficient and the connection
therefore becones unsatisfactory. Wen the thickness of the BGA package 122
s large, on thg;gtngrs DN, ddI® LOLESIPAIRS of* S oSSRl SEALHS aNd
mechanism for holding the contact element in the socket

described in Figs. 1-3;

5 Figs. 7(a), 7(B) are cross sectional views similar to

Fig. 6 taken from another direction;

Fag. 8 is a top plan view showing the construction of a

slide plate in the socket shown in Figs. 1-3;

Fig. 9 is a bottom view showing the construction of the

Fig. 8 slide plate;

Fig. 10 is a cross sectional view taking along line

15 10-10 in Fig. 8;

Fig. 11 is an enlarged view of a portion of Fig. 10

denoted by dashed lines C;

20 Fig. 12 is a cross sectional view:taken along line

12-12 in Fig. 8;

Fig. 13 is an enlarged view of a portion of Fig. 12

denoted by dashed line D;



15 may be deformed, with a result that a consistent |evel of force cannot
be obtai ned with packages having different thicknesses. Since cover 102
covers BGA package 122, heat 20 dissipdtion fromthe BGA package will not
be satisfactory and there is a danger of the BGA package 122 being
excessively heated. In addition to this, there are other- shortcom ngs in
that the rotary type cover. 102 tends téétake up excessive space when open
and the construction of the 25 device for automatically carrying out the
| oadi ng and '

Fig. 14 is a plan figure showing the socket as a whole
for the purpose of explaining the inner structure of the

socket of the embodiment;

S Fig. 15 is an enlarged view of a portion of Fig. 14

denoted by dashed lines E;

Fig. 16 is a cfoss sectional view taken on line 16-16
in Fig. 14;
10 .
Fig. 17 is an enlarged view of a portion of Fig. 16

denoted by dashed lines F; .

Fig. 18 is a cross sectional view taken on line 18-18
15 in Fig. 14;
. *
Fig. 19 is an enlarged view of a portion of Fig. 18

denoted by dashed lines G;

20 Fig. 20 is a plan view showing the assembly including
the base and the slide plate in the socket of the
embodiment;

Fig. 21 is a front view having a portion in cross

25 section taken along line 21-21 in Fig. 20;



-9- unl oadi ng operation of the |IC package, the opening and cl osing
operation of the cover, and the |ocking and rel easing operation of the

| at ch- becones extrenely conplicated. 5 Summary of the Invention It is an
obj ect of the present invention to provide socket apparatus which overcones
the problens of the io conventional technol ogy described above. Another

obj ect of the present invention is thelprovision of a socket which is
suitable for electrical connection with the lead termnals of an electric
part such as a BGA package.

Figs. 22(A), 22(B) respectively are enlarged views of
the'cross sectional portion of Fig. 21 shown in two

different positions;

5 Figs. 23(A), 23(B), and 23(C) are cross sectional views
respectively showing the various stages of the levgr
movement linked to the vertical movement of the cover in a

socket made in accordance with the invention;

10 Figs. 24(A), 24(B) are cross sectional views showing
the structure inside the socket when the BGA package is
loaded with the cover pressed down to its lowest position in

the socket described in the embodiment;
15 Fig. 25 is an enlarged view of a portion of Fig. 24(a);

Fig. 26 is an enlarged top view showing the typical
positional relationship between lead terminals (solder ball)
and a pair of arms of respective contact elements in the

20 socket which is in the state shown in Fig. 24;

Figs. 27(A), 27(B) are cross sectional views showing

the structure inside the socket when the cover is at an



15 Yet anot her object of the invention is the provision of a socket
havi ng a contact el enment which has such electric property characteristics
and durability as are suitable for connection with the |lead termnals of a
BMG t ype package. 20 Still another object of the invention is the
provi sion of a socket capable of obtaining a consistent, selected |evel of
force between each |lead terninal and eb&h respective contact el enment

wi t hout being affected by the thickness of the main body of the electric
part. - 10- :

intermediate height with the BGA package being loaded in
the socket of the embodiment;

Fig. 28 is an enlarged view of a portion of Fig. 27(a);

Fig. 29 is an enlarged top view showing the typical
positional relationship between lead terminals (solder ball)
and a pair of arﬁs of réspective contact clemeunt= ?n the,
sockéf in the state shown in Fig. 27;

10

Figs. 30(A), 30(B) are cross sectional views showing

the structure inside the socket when the cover is at its

highest position with the BGA package loaded in the socket;
15 Fig. 31 is an enlarged view of a portion of Fig. 30(a);

Fig. 32 is an enlarged top view showing the typical
positional relationship between lead terminals (solder ball)
in the socket and a pair of arms of respective contact

20 elements in the state shown in Fig. 30;

Fig. 33 is a plan view showing the structure of a
socket for a burn-in test according to the prior art for

loading a BGA package;



Anot her obj ect of the i nventionis t he provision of a socket which can
conserve space and which can easily be used for automation of |oading and

unl oading of the electric part. 5 Still another object of the invention is
t he provision of a socket which makes it easy to install or renove the
contact elenments in the main socket body. [0 Briefly, in accordance

with the invention, a socket nade in acé®drdance with the invention
conprises a nmain socket body for renovably | oading an electric part having
| ead term nals arranged in accordance with a prescribed pattern, a

p_| ural i ty of Contlﬁfé. %ltlqungss éjq;l%qvbg th'g Fig. 33 socket;

Fig. 35 is a cross sectional view of the Figs. 33, 34

socket; and

Fig. 36 is an enlarged view of a portion of Fig. 35

denéted by dashed lines H.

‘Detailed Description of Preferred Embodiments

_In Figs. 1 through 3, a socket is shown having a square
base 10 as a main socket body to be fixed on a printed
substrate (not shown in the drawings) and a square cover 12
fitting over the base and adapted to move vertically up and

15 down relative thereto. Both base 10 and cover 12 may be
.formed by resiﬁ molding of suitable electrically insulative
material. On cover 12, a large, centrally located, square
opening is formed for inserting a BGA package into the main
socket and removing it therefrom.
20 _

A guide hole 16 is formed in the vicinity of each of
the four corners of cover 12 and guide bars 18, provided at
the four cornexrs of base 10, are slidingly inserted
respectively into each guide hole 16 of cover 12. A spring

25 support pintle 22 is provided on each flange piece 20



15 socket body in a pattern corresponding to the pattern of the | ead
termnals of the electric part at prescribed |ocations of the socket body,
the contact el enents having a pair of elongated arm shaped contact parts
capabl e of elastically opening and closing for conpressive engagenent with
each 20 respective lead termnal of the electric part in such a way as to
hold it and a contact opening and cl osi4?g mechani sm f or openi ng and cl osi ng
the pair of arm shaped contacts of each of the contact el enents.

According to a feature of the invention, the socket :

protruding outwardly from each of the four corners of base

10 and a compression coil spring 24 is perpendicularly.

placed between base 10 and cover 12 on each spring support

pintle 22. Because of guide means 16 and 18 and compression
5 coil spring 24, cover 12 is capable of alternate motion in

the vertical direction relative to the base 10.

"On the outside surface of cover 12 close to each guide
bar 18 of base 10, a stop member 26 having an innef
10 protrusion 26a at the distal end i=s. formed, see Fig. 30(a).
Oon the outer surface of each guide bar 18 that opposes each
stop member 26, an outwardly extending protrusion 18a is
provided at a location intermediate its ends. When no
compressive force (external force) is applied to cover 12
15 from above, cover 12 is raised upwardly by the spring force
of the compression coil spring 24. As the inner protrusion
26a of each stop member is engaged with the outer protrusion
18a of each guide bar 18 (see Fig. 23), the cover 12 is held
at the height shown in Figs. 2 and 3.
20
A large number of contacts (contact elements) 30 are
mounted on base 10, arranged in a matrix form, inside an
‘area 28 in the shape of a sgquare frame. The number and the
pitch arrangement of the frame-shaped contact area 28 and

25 the contact elements 30 correspond to the pattern of the



conprises a cover adapted to nove vertically up and down relative to the
mai n socket body, a slide plate slidable in an opening and closing
direction of the pair of armshaped 5 contact parts in a plane which is
approxi mat el y perpendi cular to the |longitudinal axis of the contact

el ements on the said main socket body, an aperture for accommodating a pair
of the armshaped contact parts of thélcontact el ements provided in the
slide plate at a location 1o corresponding to each of the contact el enents
and an engagenent part of the slide plate for engagenent with one of the

arm shaped £ detmRAiis (LJ1RE LOLIEAYIa InSRI B JARIREE ¥Ri gl astically
bi ases the slide plate_in the direction in which the pair of arm shaped
contact parts tgx be loaded in this socket.

Figs. 4(A), 4(B), and 4(C) show the external appearance
5 of a typical BGA package. 2An LSI chip (not shown) is
accommodated within the plastic package 32b of BGA package
32 and, on the bottom side of the package 32b, a large
nuwbey of lead terminals (solder balls) 32a are mounted in a
matrix in a square-framed area as shown in the dra&ing.
10
In Figs. 5(a), 5(B) and 5(C), a first contact element
30A is formed as by stamping of an electroconductive thin
sheet made of beryllium copper, for example, extending alon;
the longitudinal axial direction as a pin 30c¢ below the
15 center and extending along the longitudinal axial direction
by branching into two arms 30a and 30b above the center.
The intermediate or center part 304 is held in a contact

holding hole 34 of base 10 as will be described below.

20 . An engagement portion or protuberance part 30e is
formed somewhat lower than center part 304 and is made to
engage with an engagement portibn, protuberance 36b of a
stop member 36 as will be described below. Pin 30c in the
lower end is adapted for insertion into the printed

25 substrate as a socket terminal pin.



15 each of the contact elenments is closed and a | ever nenber which noves
the slide plate in the direction in which the pair of the arm shaped
contact parts of the contact elenent are opened in opposition to the spring
menber. 20 According to yet another feature of the invention, each
contact elenment is provided with an engagenent portion which interacts with
an engagenent portion formed in an apetdure formed in a stop nenber which
receives a respective contact elenent. When the stop nenber is noved in a
selected 25 direction the engagenent part in each aperture of the stop

As best seen in Fig. 5(C), one arm 30a is bent
outwardly at the distal free end approximately at a right
angle and is then bent upwardly also approximately at a
right angle, thereby forming an approximate shape of an L.

5 The other arm 30b is also bent inwardly at a small angle at
the tip end. On the exterunal side of the tip end of arm 30a
(the surface of the reverse side as viewed from thé other
arm 30b as seen in Fig. 5(B)j. a tab or protrusion 30f is

further provided.

The pair of arms 30a and 30b can be opened or closéd
elastically in mutually opposing directions (the directions
indicated by E in Fig. 5(C)) and serve ﬁs a contact part for
compressively engaging the lead terminal (solder ball) 32a

15 of BGA package 32 in such a way as to hold it from opposite
sides. Arms 30a and 30b are accommodated in the contact
receiving aperture (through hole 42) of a slide plate 40
(Fig. 16) as will be described below, with tab 30f of arm
30A being engaged in a groove 40b inside the said contact

20 accommodating aperture 42.

As shown in Figs. 5(A') and 5(B'), a second contact

element 30B has a mirror image construction relative to the



-12- menber is engaged with the engagenent part of each contact elenent to
securely hold the contact elenment. Wen the stop nenber is noved in the
opposite direction, the engagenent parts separate thereby making it _
possi ble for each contact 5 elenent to be replaced. According to a feature
of the invention, when the opening and cl osi ng nechani sm of the contact
parts nove in a prescribed direction w28n an electric part is being |oaded,
10 the pair of arm shaped contact parts of each contact el enment are
relatively displaced in nmutually closing di-rections, thereby conpressively

engaging a Leade LEL(IdIRlod nBUERrf WDheaRe! Q10 08, 1 G el TOM
general |y opposite sides. en
arms 30a and 30b being reversed or rotated by 180 degrees.
As will be described later, the first contact elements 30A
are arranged with respect to the Y direction in odd-number
5 rows and the second contact elements 30B are arranged in

even number rows.

Figs. ¢ and 7{a). 7(B) are cross secﬁionalIVFews
showing_the mechanism for hold contact elements 30 (30A and -

10 30B) in the socket, with Fig. 6 showing the direction
corresponding to Fig. 5 (B, B') and Figs. 7(A), 7(B) showing

the direction corresponding to Fig. 5(C).

As shown in Fig. 6, each contact holding hole 34 of
15 base 10 is formed in the shape of a battledore and the step
portion of the cénter part 30d of the contact element 30 is
engaged with the step part (whexre the size of the opening
decreases) of the contact helding hole 34, thereby
preventing the contact maker 30 fiom further downward

200 motion.

In the socket, a plate-like stop member 36 is provided
in engagement with the lower side of base 10. At the
_location corresponding to each contact element 30 of stop

25 member 36 or each contact holding hole 34 of the base 10,



t he opening and cl osi ng nechani sm of the contact part noves 15 in the
opposite direction, the pair of armshaped contact parts of each contact

el enent are displaced relatively in nutually opening directions, thereby
bei ng separated fromeach | ead termnal. 20 Accordi ng to another
feature of the invention, the opening and cl osing nechani smof the contact
parts in the socket conprises the cove®d- the slide plate, a spring menber
and a | ever nenber. Wien the downward force on the cover is renoved when
the electric part is being | oaded, the 25 pair of arm shaped contact parts

of each COQﬁﬁE% ggeﬁ?%%iéﬂdaan aperture 36a which accommodates the

downwardly protruding part 30c from the base 10 of each
contact element 30. The engagement protuberance portion 30e
of contact element 30 is located approximately midway of

5 aperture 36a. The aperture 36a has a considerable depth in
the thickness direction of contact element 30, with an
engagement protuberance portion 36b beinq formed on the
upper half of one of its inner walls.

1 Becausa of this, if the stop member 36 is slid in the
direction indicated by arrow mark J (Fig. 7(A)) from an
unlocking position in which the contact element is
detachably inserted into each-through hole 36a of the stop
member 36 to a locking position, engagement portion 36b in

15 each aperture 36a is engaged on engagement portion 30e of

each contact element 30 as shown in Fig. 7(B).

As the stop member 36 is fixed by means of a pin 37,

for example, relative to the base 10 in the position shown

20 in Fig. 7(B) (reference can be made to Fig. 16), any upward
withdrawal of each contact element 30 is prevented. Even

after the installation of contact element 30, tﬁe position
shown in Fig. 7(A) can be resﬁored by removing pin 37 and
sliding the stop member in the_direction indicated by an

25 arrow mark K from the position shown in Fig. 7(B), with a



-13- relatively displaced in the mutually closing-direction, thereby
engagi ng each lead termnal. At this tinme, the slide plate slldes I n one
direction by the elastic return force of the spring nember, wth a result
that the covef 5 rises through a | ever nenber. Wen the cover is pushed
down, the lever nmenber slides the slide plate in the opposite direction in
opposition to the spring nenber, with-26+esult that the arm shaped contact
parts of each contact elenent are relatively displaced in the nutually
opening 10 direction, thereby separating each |ead termnal. According to

anot her featuré%éagnkgethnvegn&£¥gh cgntact element 30 can easily be

replaced.

As described above, each contact element 30 has been
5 detachably mounted in such a way as to prevent a downward
withdrawal relative to base 10 in the socket of the
embodiment and detachably fixed by the stop member 36 on the
reverse side of the base,lo in such a wzxr as to prevent an
upward withdrawal, with a result that thé oparation for the
10 installation or replacement of a contact 30 can be easily

carried out.

Back in Fig. 1, a slide platq 40, constructed in such a

manner as to be slidable in opening and closing directions

15 of each pair of arms 30a and 30b of the respective elements
is provided on the upper surface of the base 10. Figs. 8
through 13 show the construction of slide plate 40, a
generally square, resin-formed plate having generally planar
top and bottom surfaces. At the location corresponding to

20 each contact element 30 of the slide plate 40 or each
contact holding hole 34 of the base 10, there is formed an
aperture 42 extending from the top to the bottom surfaces
for the reception of both arms 30a and 30b of each

respective contact element. Accordingly, the pattern of the



opening in the cover is provided to facilitate | oading and unl oadi ng an
electric part through the opening and, in 15 addition, to effectively

di ssi pate heat generated fromthe electric part. According to another
feature of the invention, a |latch nmenber noves between a first position
engagi ng the electric 20 part and a second position free of the electric-
part in dependence upon the vertical fdvenent of the cover through the

| at ch operating neans. -14- ‘

arrangement of the apertures 42 corresponds to the desired

pattern of the contact elements 30.

As shown in Fig. 9, the lower opening portion of each

s aperture 42 is formed approximately in the shape of a équare
separated by a wall from adjacent apertures 42. As shown in
Figs. 8, 10 and 11, the upper cpening portion of each
aperture 42 is in communication with the adjacent apertures
42 in one direction (X direction in Fig. 8) and is separated

10 bya parﬁition wall 40a in the other direction (Y direction
in Fig. 8). On both sides of odd nuﬁber partition walls
40a, there is formed a groove 40b for engagement with tab
30f of a respective arm 30a of the first and second contact
elements 30A and 30B as will be described later. Grooves

iS 40b are formed at a location which are somewhat offset in

the X direction from the central axis of each aperture 42.

With reference to Figs. 8-10, a plurality of L-shaped
legs 40c, such as three L-shaped legs 40c, are formed on a
20 pair of mutually opposing sides of the slide pléte 40. At
one side on either end and close to the leg part 40c (the
right-side in Fig. 8), a spring receiving part 404 protrudes
outwardly in a diﬁection which is perpendicular to the leg
40c. On the lower side of each spring receiving part 404

25 there ig formed a groove 40e for reception of one end of a



Brief Description of the Drawings Fig. 1 is a top plan view of a socket
made in accordance with the invention; 5 Fig. 2 is a side view of the Fig.
1 socket as viewed in the direction indicated by arrow mark Ain Fig. 1;
Fig. 3is a side viewof the Fig. 1 socket as viewed in 10 the direction

i ndicated by arrowmark Bin Fig. 1; Figs. 4(A), 4(B), and 4(C) are top,
side, and bottom views respectively of23-BGA package that is to be | oaded

on the Figs. 1-3 socket;. 15 Figs. 5(A) and 5(B) are top and front
el evati onal views

compression coil spring 46 as will be described below. A
guide post 40f having a tapered surface for guiding and
positioning the peripheral part of a BGA package 32 is

formed at each of the four corners of =slide plate 40.

Figs. 14 through 19 show the inner structure of the-
socket in detail. With reference to Figs. 15, 17 and 19,
‘eacl. ~ontact element 30 has its center part 304 hg;d in a
respective contact holding hole 34 of the base and a pair of
10 armé 30a and 30b at its distal tip accommodated in a
respective aperture 42 of the slide plate 40. In the X
direction, the contact elements 30A or 30B are arranged in
one row and, in the Y direction, the first contact element
30A and the second contact element 30B are arranged
15 alternately. Accordingly, the first contact element 30A and
the second contact element 30B are arranged on both sides of
each partition wall 40a of the slide plate 40 and one side
of the arms 30a are engaged by tab 30f from both sides in
" the groove 40b- at the top of the partition wall 40a. A pair
20 of arms 30a énd 30b of each contact element 30 mutually face
in the X direction. 1In other words, both arms 30a and 30b

open or close in the X direction.

As showﬁ (Figs. 8-10), slide plate 40 has a plurality

25 of protrusions 41 on the side edge. As shown.in Figs. 17

P



respectively of contact elenents used in the Figs. 1-3 structure; 20
Figs. 5(A") and 5(B') are views simlar to Figs. 5(A) and 5(B) of a mrror
i mage version of the contact elenment and Fig. 5(C) is a side view of the

contact el enment; -15- Fig. 6 is a cross sectional view of a portion of
t he nechanism for holding the contact elenent in the socket described in

Figs. 1-3; 5 Figs. 7(A), 7(B) areé8cross sectional views sinmlar to

and 19, the slide plate is installed spaced slightly above
the top of base 10. Since the legs 40c of the slide plate
40 slides under the rotary lever shafts 54 and 66 (Fig. 16)
as will be described below, floating in_the X direction can

5 be prevented and the slide plate 40 stabilized. Because of
this, slide plate 40 slides in the X direction without
engaging the upper surface of the base 10 at locations other
than the protrusion 41. In ca~h contact element, one arm
30a is engagea with the partition wall 40a of the slide

10. plaée 40 by tab 30f at the tip, with a result that both arms
30a and 30b can be opened or closed by the sliding of the

slide plate 40 in the X direction.

Next, a slide drivipg mechanism for slide plate 40 in
{5 the X direction in dependence upon the vertical movement of
cover 12 in this embodiment will be explained. This slide
mechanism comprises a spring member which biases the slide
plate 40 in the X direction (which will hereafter be the
positive X direction, X+) at all times and a lever member
20 which moves in the opposite direction (which will hereafter
be the negative X direction, X-) in opposition to the spring

member.

Figs. 20 through 22 show the location of the

25 installation of a spring member which provides the bias in



Fig. 6 taken fromanother direction; Fig. 8 is a top plan view show ng the
construction of a slide plate in the socket shown in Figs. 1-3; 10 Fig. 9
is a’'bottomview showing the construction of the Fig. 8 slide plate; Fig.
10 is a cross sectional view taking along line 15 10-10 in Fig. 8; Fig. 11
I's an enlarged view of a portion of Fig. 10 denoted by dashed lines C 20
Fig. 12 is a cross sectional view takéd-along line 12-12 in Fig. 8; Fig. 13
is an enlarged view of a portion of Fig. 12

the positive X direction, X+, with Fig. 20 being a plan view
of the assembly of base 10 and slide plate 40, Fig. 21 a
partial cross section taken along line 21-21 in Fig. 20 and

Fig. 22 an expanded view of part B of Fig. 21.

Compression coil spring 46 is provided in close
pfoximity to a pair of sprihg receivihg grooves 40b of slide
plate 40. As shown in Figs. 22(A), 22(B), one end“of the
compression coil spring 46 is fixed to the spring receiving

10 part 40d of the slide plate 40 and the cther end is fixed to
the wall surface 10c of the base 10. As noted above, slide
plate 40 is slidably movable in the X direction on base 10
and is biased in the positive X direction, X+, by the spring

force of the compression coil spring 46.

15
As shown in Figs. 2, 3, 14, 16, 18 and 23(A)-23(C), the
lever mechanism of the socket comprises a pair of levers 50
and 52 constituting a link mechanism mounted on both sides
of the base 10 with respect to the Y direction.
20

The first lever 50 is approximately in the shape of an
L and has a bent part 50a, a short arm 50b and a long arm
50c. The bent part 50a of lever 50 is rotatably installed
on each end of fixed shaft 54 mounted on base 10 extending

25 in the Y direction through an E ring 56. The short arm 50b



denot ed by dashed |ine D -16- Fig. 14 is a plan figure show ng the
socket as a whole for the purpose of explaining the inner structure of the
socket of the enbodinent; 5 Fig. 15 is an enlarged view of a portion
of Fig. 14 denoted by dashed lines E; Fig. 16 is a cross sectional view

taken on line 16-16 in Fig. 14; 10
~-30-

of lever 50 extendé upwardly at an angle which is close to a
right angle from the bent part 50a toward the side of the
slide plate and is linked through E ring 60 to each end of
mo#able shaft 58 which traverses the upper surface of base

5 10 in the Y direction, adjacent one side of slide plate 40.

The long arm 50c of lever 50 extends upwardly from
bent part 50a at an acute angle toward the center of the
socket, with its distal free end being linked through an E
10 ring 64 to a pin 62 which has been slidably inserted into an
elongated groove or opening 52a that has béen formed in an

intermediate portion toward the top of second lever 52.

The second lever 52 ig formed approximatgly in a
15 straight line, with ifs base 52b being rotatably installed
through an E ring 68 at each end of fixed shaft 66 mounted
at the other end of the base 16 and extending in the Y
- direction. The top part 52c of this lever 52 is rotatably
linked to the distal end of the first lever 50 through pin
20 62 disposed in groové 52a and E ring 64 and, at the same
time, extends vertically upwardly after bending somewhat
" toward the horizontal direction from the vicinity of the
upper end of groove 52a, with its circular upper edge 524

being in engagement with the lower surface of the motion



Fig. 17 is an enlarged view of a portion of Fig. 16 denoted by dashed |ines
F, Fi % 18 is a cross sectional viewtaken on line 18-18 15 in Fig. 14,

Fig. 19 is an.enlarged view of a portion of Fig. 18 denoted by dashed |ines
G 20 Fig. 20 is a plan view showi'ng the assenbly including the base
and the slide plate in the socket of the enbodinent; Fig. 21 is a front
view having a portion in cross 25 sect?bn taken along line 21-21 in Fig.

20; :

transfer portion 12a which protrudes downwa;dly on the inner

surface of cover 12 at the center of the socket.

Fig. 23(a), 23(B), and 23(C) are cross sectional views
5 showing the various stages of movement of levers 50 and 52
which are linked to the vertical movement of cover 12, Fig.
23(A) depicts the situation when covér 12 is at its highest
position, Fig. 23(B) when cover 12 is at an intermgdiate'
height and Fig. 23(C) when cover 12 is at its lowest
10 poeition. In Fig. 23(A), when cover 12 has been raised to
its highest position by the spring force of compression coil
spring 24, the respective distal ends of the first and
second levers 50 and 52 are at their highest positions. As
the slide plate 40 is moved in the positive X direction by
15 the sﬁring force of the compression coil spring as shown in
Fig. 22(A), 22(B), the movable axis 58 is moved in the
direction of X+ on one side (right side) of the slide plate
40, with a conseqﬁence that the first lever 50 as a whole
moves upwardly (clockwise) and, as a result, the lever 52,
20 too, moves in an ﬁpwardly direction (counter clockwise)

through'connective parts 62 and 52a.

when cover 12 is pressed down, the motion transfer
portion 12a of cover 12 transfers force to the tip 52d of

25 the second lever 52, thereby pressing lever 52 downwardly



-17- Figs. 22(A), 22(B) respectively are enlarged views of the cross
sectional portion of Fig. 21 shown.in two different positions; 5

Figs. 23(A), 23(B), and 23(C) are cross sectional views respectively
showi ng the various stages of the |ever novenent |inked to the vertical
novenent of the cover in a socket nmade in accordance wth the invention; 10
Figs. 24(A), 24(B) are cross sectional -¥ews showi ng the structure inside

t he socket when the BGA package is |oaded with the cover pressed down to
its lowest position in the socket described in the enbodi nent;

with a result that the lever 52 rotates in a downwardly.
direction (clockwise direction), followed by the rotation of
the first lever 50 in the downwardly direction (counter
clockwise) through the connective parts 62 and 52a, with a

5 consequence that the movable shaft 58 which is connected to
the short arm 50b of lever 50 moves in the negative X
direction, while pressing one side (right side) of the slide
plate 46, as is shown in Fig. 23(B). At this poin;,
compression coil spring 46 is compressively deforméd as

10 shown in Fig. 22(B) and the slide plate 40 slides in the X-

direction.

The counteraction created when cover 12 has been

pressed downwardly is produced by the spring force of

15 compression coil spring 24 that directly works on the four
corners qf cover 12 and the spring force of the_compression
coil spring 46 which indiregtly works on the motion transfer
portion 12a of cover 12 throuqh the slide plate 40, the
movable shaft 58 and the levers 50 and 52.

20 '

When the cover is pressed down to the lowest position,
both levers 50 and 52 rotate to their lowest positions shown
in Fig. 23(C¢), with a fesult that the movable shaft 58 and
the élide plate 40 are displaced to the maximum in the X-

25 (negative) direction. The compressive deformation of the



15 Fig. 25 is an enlarged view of a portion of Fig. 24(A); Fig. 26 is
an enl arged top view showi ng the typical positional relationship between

| ead ternminals (solder ball) and a pair of arms of respective contact

el ements in the 20 socket which is in thé state shown in Fig. 24; Figs.
27(A), 27(B) are cross sectional views show'ng the structure inside the
socket when the cover is at an i nte¥hedi ate height with the BGA package
bei ng | oaded in the socket of the enmbodinent; Fig. 28 is an enlarged view
of a portion of Fig. 27(A); : '

compression coil springs 24 and 46 also reach a maximum at

this position.

When the force on cover 12 is releaged, the various
5 movable parts shift in a direétion which is opposite to the
above, i.e., from the Fig. 23(C) position'to the Fig. 23(B)
pogition and then to the Fig. 23(A) position.
The first lever 50 linked to the movable shaft 55 is
10 formed in the shape of an L having a long lever arm linked
to the second lever 52, As a result, a substantially light
- (small) downward force on cover 12 is sufficient to move the
slide plate 40 in the X- (negative) direction in opposition
to the spring force of the compression coil spring 46.
15
In Figs. 1 through 3, Fig. 14 and Fig. 18 once again, a
pair of latches 70 in the shape of a spring plate are
mounted on base 10 at a location which is close to both
sides of the slide plate 40 in the Y direction, and at the
20 center in the X direction of the socket. As best seen in
Fig. 24(B), the lower end of-each latch 70 is fixed to base
10, with either the intermediate portion or the upper end
being elasticaily displaced in a plane which is "

perpendicular to the longitudinal axis of the lower end of



5 Fig. 29 is an enlarged top view show ng the typical positional

rel ati onship between lead termnals (solder ball) and a pair of arns of
respective contact elenents in the socket in the state shown in Fig. 27;
Figs. 30(A), 30(B) are cross sectional views show ng the structure inside
t he socket when the cover is at its hi %hest position with the BGA package
| oaded in the socket; 15 Fig. 3T'3% an enlarged view of a portion of
Fig. 30(A); Fig. 32 is an enlarged top view showi ng the typical positional
rel ati onship between lead termnals (solder ball) in the socket and a pair

of arns of rgspeshi¥e CANtACke2Pc YL HAaiAgt HorSid & o pW8cafiy- 30;
transversely inwardly in the shape of V is formed at the top
and a lower guide part 70b protruding outwardly in the shape

of L is formed in the intermediate portion.

Behind each latch 70, there is provided a latch guide
(latch operating part) 72 which extends perpendicularly
downwardly from the inner wall of the cover 12. Latch guide
72 has the lower portion and the intermediaté port;on formed
10 on a perpendicular guide surface 72a and the top portion
_formed on a guide surface 72b which is tapered outwardly in

an upward direction.

when the top (uppef guide portion) of the latch 70 is

15 4in touch with the perpendicular guide surface 72a of the
latch guide 72 as shown in Fig. 18, the latch 70 is
elastically Qisplaced in such a manner as to bow toward the
socket center and the electric part holding portion 70a
covers the top of the outer peripheral part of the slide

20 -plate 40 at the electric-part seat. When cover 12 is
pressed down, the lower guide portion 70b of latch 70 moves
to the inclined guide surface 72b, with a consequence that
latch 70 returns to its original shape by its sﬁring return

force and the electric part holding portion 70a moves away



Fig. 33 is a plan view showing the structure of a socket for a burn-in test
according to the prior art for |oading a BGA package, -19- Fig. 34 is a
side view of the Fig. 33 socket; Fig. 35 is a cross sectional view of the

" Figs. 33, 34 socket; and 5 Fig. 36 is an enlarged view of a portion of Fig.
35 denoted by dashed |ines H.

10

15

20

25

-35-

from the top of the electric part seat at the outer

peripheral part of the slide plate 40.

Next, the action connected with the loading of the BGA -
package on the socket will be explained by referring to
Figs. 24 through 32,

Figs. 24 through 26 show the state.in which cover 12
has been pressed downwardly to the position of its lowest
extreme, -with ¥igs. 24(3) and (B) bheing partial cross
sections of the construction of the socket interior with the
GBA package being loaded, Fig. 25 being an enlarged ;iew of
the éssential part of Fig. 24(A), and Fig. 26 being an
enlarged view showing the typical positional relationship
between lead terminals (solder ball) 32a and arms 30a and

30b of respective contact elements.

When cover 12 is pressed downwardly as. shown in Fig.
24(B), latch 70 assumes its-origihal position with its lower
guide part 70b being in engagement with the inclined guide
surface 72a of latch guide 72 and the electric part holding
portion 70a moving outwardly away from the electric part
seat outside, with a consequence that it becomes possible to
insert the BGA package 32 into the socket through opening 14

of cover 12 from above. In this case, the peripheral part



Det ai |l ed Description of Preferred Enbodinents 10 In Figs. 1 through 3, a
socket is shown having a square base 10 as a main socket body to be fixed
on a printed substrate (not shown in the drawings) and a square cover 12
fitting over the base and adapted to nove vertically up and 15 down
relative thereto.- Both base 10 and cover 12 may be formed by resin nolding
of suitable electrically insulative maBérial. On cover 12, a | arge,
centrally located, square opening is forned for inserting a BGA package
into the main socket and renmoving it therefrom 20 A guide hole 16 is

formed in tg? é’ﬁg'éﬂnt X)a?:ﬁ:agg'c.}ﬁ O:'Is guided by the inside surface of a
guide post 40f of the slide plate 40 (Fig. 25) into its seat
and each lead terminal (solder ball) 32a of the BGA package
32 enters the aperture 42 of the slide plate 40 that .

s corresponds thereto.

When cover 12 is pushed down as described above, the

slide plate 40 slides in the X~ directiog through levers 52
and 50 aqd movable shaft 58. One arm 30a of each ;ontact

10 element 30 which is engaged with the'groove 40b on the
partition wall 40a of the slide plate 40 shifts toward X-
along with the sliding of slide plate 40 but the other arm
30b remains stationary, with a result that both arms 30a and
30b will open. As shown in Figs. 25'and 26, therefore, each

15 lead terminal (solder ball) 32 of the BGA package 32 is
freely inserted between both arms 30a and 30b of a

respective contact element 30.

Figs. 27 through 29 show the state in which the
20 downward force on cover 12 is removed and cover 12 is moving
upwardly, with Figs. 27(A) and (B) being partial cross
sections showing the construction of the socket interior at
that time, Fig. 28 being an enlarged view of the essential
part of Fig. 27(A) and Fig. 29 being an enlarged view

25 showing the typical positional relationship between lead



the four corners of cover 12 and guide bars 18, provided at the four
corners of base 10, are slidingly inserted respectively into each guide
hole 16 of cover 12. A spring 25 support pintle 22 is provided on each

fl ange piece 20 -20- protruding outwardly fromeach of the four corners
of base 10 and a conpression coil spring 24 is perpendicularly placed

bet ween base 10 and cover 12 on each sprirng support pintle 22. Because of
gui de neans 16 and 18 and conpression 5 coil spring 24, cover 12 is capable
of alternate notion in .

terminals (solder ball) 32 and arms 30a and 30b of

respective contact elements 30.

When the downward force on cover 12 is removed, the

5 8lide plate 40 slideé in the X+ direction by the spring
force of the compression coil spring 46. As arm 30a of each
contact element 30, engaged with a respective groove 40b on
the partition wall 40a of slide plate 40, also moves
integrally with the slide plate 40, the distance bétween

10 both arms 30a and 30b becomes smaller as shown in Figs. 28.
and 29. Along with the sliding of the slide plate 40 in the
X+ direction, the first lever 50 rotates upwardly (clockwise
direction) through movable shaft 58 and the second lever 52
also rotates upwardly (counter clockwise direction) through

1S a lever connective part 62 as shown in Fig. 27(aA).

Also, as seen in Fig. 27(B), along with upward movement
of cover 12, the lower guide part 70b of latch 70 moves from
the inclined guide surface 72b of latch guide part 72 to the

20 <vertical guide surface 72a and the electric part holding
portion 70a of latch 70 moves forward and becomeé engaged
with the outer periphery of the upper surface of the BGA
package 32. '



the vertical direction relative to the base 10. on the outside surface of
cover 12 close to each guide bar 18 of base 10, a stop menber 26 having an
i nner’ 10 protrusion 26a at the distal end is formed, see Fig. 30(A). On
the outer surface of each guide bar 18 that opposes each stop nenber 26, an
outwardly extending protrusion 18a is provided at .a location internediate
its ends. \Wen no conpressive force (B8 er nal force) Is applied to cover 12
15 from above, cover 12 is raised upwardly by the spring force of the
conpression coil spring 24. As the inner protrusion 26a of each stop menber

i s engaged Wi thglhig 03§ &nAugh! yﬁlaw%@.eoétgémrgwﬂ%hba&vé@ izSee Fig.
23), the cover 12 is held at the height shown in Figs. .
has moved to the position of its upper limit, w1th Flgs.

30(A) and (B) being partial cross sections showing the
construction of the interior of the socket at that time,

5 PFig. 31 being an eﬁlarged view of the essential part of what
is shown in Fig. 30(A) and Fig. 32 being an enlarged view
showing the typical positional relationship between lead
terninals (solder ball) 32a and arms 30a and 30b of

respective contact elements 30.

When cover 12 reaches the position of its highest
limit, slide plate 40 slides in the X+ direction due to the
spring force of the compression coil spring 46 and returns
to the vicinity of its original position and both arms 30a

15 and 30b of each contact element 30 close in such a manner as
to hold a respective solder ball 32a from opposite sides,
with a result that én electrical connection is obtained by
the compressive engagement between each contact element 30
and a respective solder ball 32a. Latch 70 elastically

20 presses BGA package 32 from above as shown in Fig. 30(B).
The BGA package 32 receives a burn-in test in the state of

being loaded in the socket in the manner described above.

When BGA package 32 is to be taken out of the socket,

25 it iz only necessary to press cover 12 down once again to



20 A | arge nunber of contacts (contact elenents) 30 are nounted on base 10,
arranged inp a matrix form inside an area 28 in the shape of a square
frame. The nunber and the pitch arrangenent of the frane-shaped contact
area 28 and 25 the contact elenents 30 correspond to the pattern of the
-21- lead termnals (solder ball) 32a ig a BGA package 32 which is to be-

| oaded in this socket. Figs. 4(A), 4( 8)3 "and 4(C) show t he external

appear ance ’

the height shown in Figs. 24(A) and (B). Thereupon, the
various movable parts in the socket move in an opposite
direction, both arms-30a and 30b of each contact element 30
separate from their respective soldef ball 32a, each latch

5 70 moves outwardly and its package holding part 70a is
separated from the BGA package 32. At this point, it
becomes possible to pick out the BGA package 32 with a pair
of tweezers or the like. It will be seen that not oniy the
loading and unlquing of the BGA package 32 but aléo the

10 operation of cover 12 (downward force and the reamoval of the
force) involve actions only in the vertical direction.-
Therefore, a series of these operations can be easily.

carried out using an automatic unit.

15 Arms 30a and 30b are offset from another a slight
distance in the Y direction and are each movable in the X
direction so that an imaginary line drawn through the
locations of their engagement with a respective solder ball
32a is not parallel to the X directionﬂ_ This arrangement

20 facilitates piecing of the surface oxide £ilm of the soclder
ball 32a by the inner edge of =zach arm 30a and 30b of
contact element 30 which hold the respective solder balls
32a from opposite sides as shown in Fig. 32 in the socket

deséribed in this embodiment. As a result, there is



5 of a typical BGA package. An LSI chip (not shown) is accommodated within
.the plastic package 32b of BGA package 32 and, on the bottom side of the
package 32b, a |l arge number of |ead terminals (solder balls) 32a are
noanted in a matrix in a square-franed at%a as shown in the drawing. 10 In
Figs. 5(A), 5(B) and 5(C), a first contact element 30A is fornmed as by
stanpi ng of an el ectroconductive thin sheet nmade of beryllium copper, for

exanpl e, ext eagiRindd o) Galci8chotGiy WeBali @i dhglibREhd Bota®ea Pin 30C
bel ow the 15 center and extending_along the | ongitudinal axial direction by

br anchi ng i nt §°RHBC B PremEOL aﬂdaﬁﬁn¥h5b69€PQQﬁ§VEeﬁP%?er“Hﬂ§¥ Af8r medi ate or

center part 30d is held in a contact

In view of the fact that the positional relationship of

5 contact elements 30A and 30B are symmetrical with each other
with arms 30a and 30b of contact elements 30A being
positioned 180 degrees relative to arms 30a and 30b of
contact elements 30B which are adjacent to each other in the
Y direction, the rotary'force given to each solder ball 32

10 by the compressive contéct with a respective contact element
30 cancel one another so that there is no danger for the
position of the solder balls 32a through the BGA package 32
being shifted. ' '

15 In addition, each contact element 30 effects a
compressive engagement in such a manner as toc hold the side
of the solder ball from opposite sides by a pair of arms 30a
and 30b without engaging the bottom of the ball as shown in
Fig. 31. According to the contacting method whereby the

20 contact element engages opposite sides of the solder ball
32a in this manner, there are obtained such benefits as
shown below: there is no danger for the bottom of each
solder ball 32a to be damaged or deforuwd; a.constant
presgsure is obtained even when there is a variation in the

25 thickness of the BGA package; there iz no danger of the chip



hol di ng hole 34 of base 10 as will be described bel ow. 20 An
engagenent portion or protuberance part 30e.is formed somewhat |ower than
center part 30d and is nmade to engage vyi4t1h an engagenent portion,

prot uberance 36b of a stop nmenber 36 as will be described below. Pin 30c in
the lower end is adapted for insertion into the printed 25 substrate as a
socket term nal pin. -22- As best seen in Fig. 5(C), one arm 30a is bent
outwardl y at drheifdisdgalndidee thadpagipagxitabel Jarigedl beghtise the BGA

package does not receive a force in a direction which is
perpendiculgr to the surface of the package; stable
electrical properties in terms of contact resistance and

5 inductance are obtained as the contact 91ement 30 and the
respective solder ball 32a engage each other at two points;
and the stress that each contact element 30 receives is
small since both arms 30a and 30b of each contact element 30
effect a compressive engagement with eaéh solder ball 32a by

0 a displécement on its way to returning from the fully open

state of the maximum displacement to its original state.

Additionally, the conductor distance between each
solder ball 32a and the printed substrate is reduced and
15 satisfactory electrical properties including resistance,
inductance, and the like of the contact element 30 itself
are obtained inasmuch as the contact element 30 is formed
approximately in a straight line in the socket in this
embodiment. .
20
As the top surface of the BGA package 32 that has been
loaded in the socket is exposed to ocutside air through
opening 14 on cover 12, the heat that has been generated
inside the BGA package 32 can be effectiﬁely dissipated. In

25 addition, cover 12 has & mechanism whereby it moves up and



angle and is then bent upwardly al so approxi mately at a right angle,

t hereby form ng an approxi mate shape of an L. 5 The other arm 30b is al so
bent inwardly at a small angle at the tip end. On the external. side of the
tip end of arm 30a (the surface of the t®verse side as viewed fromthe
other arm 30b as seen in Fig. 5(B)), a tab or protrusion 30f is further
provided. 10 The pair of arms 30a and 30b can be opened or cl osed

el astical ly jBuwillitdidtieORBOShd hatdel €61 dtHd hatdhr 2ot i@ hdladngat ed by E

in Fig. 5(C))_ and serve as a contagt part for conpressively .engaging the
| ead t er nmi naFbe SRERIRAKE0P) 33 A8 A5 1t Bﬁ?ﬁdpﬁﬁ?ab‘ggﬁzt?ﬁ E‘ﬂ‘}c/tl’f‘c& y as to

hold it frompgpemsnd &f cover 12, with a consequence that there are such
advantages as minimization of a need for space and a
5 gsimplification of the device construction for causing an
automatic unit to carry out the loading and unloading of the

BGA package.

In the socket of this example, moreover, contact
10 elements 30 are not fixed to the base 10 by the compression
method but instead are detachably fixed to base 10 by means
of a stop member 36 having apertures 36a provided with
protuberances 36b provided on the lower surface of base 10
as described in connection with Figs. 6 and 7. Therefore,

15 it becomes easier to install or replace contact elements 30.

In the embodiment described, an explanation has been
given of a socket which is suitable for use in a burn-in
test for the loading of a BGA package 32 that has a lead

20 terminal pattern as shown in Fig. 4(C). However, this
invention is not to be limited to such a socket construction
but can be transformed or modified variously within the

range of its technical covacept.

L



sides. Arnms 30a and 30b are accommodated in the contact receiving aperture
(through hole 42) of a slide plate 40 (Fig. 16) as will be described bel ow,
with tab 30f of arm 30A being engaged in _a groove 40b inside the said

contact 20 accommodati ng aperture 42. As*Ehown in Figs. 5(A") and 5(B), a
second contact elenment 30B has a mrror imge construction relative to the
-23- construction of the first contact el enent 30A, with both arns 30a and

30b being reversedrisr aiabesodivh@0t6egb®FS the shape of contact
element 30 in various ways. If desired, one (such as 30b)
of arms 30a and 30b may be eliminated or some suitable re-
inforcing part may be added. Even the engagement structure
5 between contact element 30 and the stop member 36 can be
changed and the'engagement structure between an arm 30a of
contact element 30 and the slide plate 30 can also be

modified.

10 The contact part 6pening and closing mechanism which
causes each coﬁtact element 30 to compressively engage the
- lead terminal 32a in linkage with the vertical movement of
cover 12 also can be modified. For example, the second
lever 52 can be omitted by directly linking the first levér
I5 50 to cover 12. further, cover 12 can be eliminated by
causing some suitable tool directly to work on lever 50 for

slide plate 40.

' The embodiment described pertains to a socket for a BGA
20 package. However, this invention can be applied to sockets
for other kinds of IC packages such as a pin grid array
package, an S0J package and an SOP package, etc. In

addition, it can be used for a socket for a "bars" chip.



AS will be described later, the first contact el enents 30A are arranged
with respect to the Y di rectlon I n odd-nunber 5 rows and the second cont act
el ements 30B are arranged in even nunmber rows. Figs. 6 and 7(A): 7(B) are
cross sectional views showing the nmechanfémfor hold contact el ements 30
(30A and 10 30B) in the socket, with Fig. 6 showi ng the direction
corresponding to Fig 5 (B, B') and Figs. 7(A), 7(B) showing the direction

corresponding 190 Mudkectie®) - chfe NRAMLE Ldh % uBBaNaGonial) Al ding hole

34 of 15 base 10|s ormeéd I'n the ape o att edore and the step
portion of theockst cfopase QEda dfurmhdéncbettaduterdfenfoBeezkasfgd9sd wit h

the step part  Luhgl 6 N8 oSk 28c0f ﬂﬁaie99§néégk which is designed to

examine the input/output characteristics and pulse

5 characteristics of an IC package in a short time period.

As has been explained above, socket apparatus which is
suitable for electrical connection between an electric part
and a lead terminal and socket apparatus equipped with

10 contact elements with superior electrical properties and
durability, in particular, is provided by this invention.
The invention also provides a socket apparatus which can
gsafely mount an electric part and which can be electrically
connected to each lead terminal without causing undesirable

15 damage or deformation to the interior of the electric part

or the lead terminal.

According to the socket of this invention, further, a
consistent force between each lead terminal and each
20 respective contact member is provided without being affected
by the thickness of the main body of the electric part. In
addition, space economization is provided and automation of
the loading and unloading of the electric part is
facilitated as well as the installation and dismantling of a

25 contact element on the main socket body.



decreases) of the contact holding hole 34, thereby preventing the contact
maker 30 from further downward 20 notion. In the socket, a plate-like stop
menbet 36 is provided in engagement with the | ower side of base 10. At the
| ocati on corresponding to each contact elenent 30 of stop 25 nenber 36 or
each contact hol ding hole 34 of the bagg 10, -24- there is provided an
aperture 36a whi ch accommopdat es the dowhwardly protruding part 30c fromthe
base 10 of each

It should be understood that this invention includes
all modifications and equivalents of the described

embodiment falling within the scope of the appended claims.



contact el enent 30. The engagenent protuberance portion 30e of contact
el ement 30 is |ocateed approxi mately m dway of 5 aperture 36a. The :
aperture 36a has a consi derabl e depth in the thickness direction of contact
el ement 30, with an engagement protuberance portion 3@g£g%ﬁ£}4jﬂﬁﬁﬁ$ 1t he
upper half of one of its inner walls. gause of thisyj gir
36 is slid in the direction indicated by arrow mark Ji (HQJRJHMNQEUrcHQJn
unl ocki ng position in which the contact el ement is delaehab - nto
each through hole 36a of the stop nenber 36 to a | ocki n posi tiorm,

engagenent portion 36b in 15 each aperture 36a is en iﬂmﬁﬂn nt
portion 30e %L each gontagt el enent 30 as shown in F ”WW’”WW

1. Socket apparatus for removably mounting an e}ectric
part having‘a plurality of lead terminals arranged in a
selected pattern comprising a base, a plurality of elongated
contact elements each having a longitudinal axis mounted . .in
the base with the longitudinal axis extending generally
parallel to a Z axis in a pattern extending in X-Y
directions perpendicular to the Z ﬁxis and to eacii.cther
corresponding to the selected pattern, each contact element
having first and second flexible contact arms movable
between open and closed positions, a slide plate having top
and bottom generally planar surfaces mounted on the base to
glide in an X direction, the slide plaﬁe having a plurality
of apertures extending through the slide plate between the
top and bottom surfaces and arranged in a pattern
corresponding to the selected pattern, the first and second
contact arms of each contact member received in a respective
aperture with one of the first and second contact arms being
interconnectéd with the slide plate to move therewith in the
.X direction, the socket having an electric part reéeiving
wifh the lead terminals of an electric part disposed in the
seat received in respective apertures between respective

first and second contact arms and means to move the slide

_
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As the stop nmenber 36 is fixed by nmeans.of a pin 37, for exanple, relative
to the base 10 in the position showmn 20 in Fig. 7(B) (reference can be nade
to Fig. 16), any upward wi thdrawal of each contact elenent 30 is prevented.
Even after the installation of contact elenent 30, the position shown in
Fig. 7(A) can be restored by renoving_ghpn 37 and sliding the stop nenber in
the direction indicated by an 25 arrow mark K from-the—positiomsiiown in

Fig. 7(B), with a -25- consequence that a given 30 can
easily be | IIiﬂ“l mi““i “Tﬂmll

Claim 1 continued:

plate between an open contact arms position when the
electric part can be inserted into and removed from the seat
and a closed contact arms position when the terminal leads
of the electric part are engaged by respective first and

second contact arms.

2. Socket ;pparatus according to - claim 1 in which the
first and second contact arms are spaced from one another in
the Y direction and are movable relative to one another in
the X direction so that an imaginary line drawn through an
electric part terminal lead between the points of engagement
with the first and second contact arms is not parallel with

the X direction.

3. Socket apparatus according to claim 2 in which the
contact elements are rotated on their longitudinal axis 180
degrees in alternate rows of apertures in the Y direction to
offset rotational forces applied to the terminal leads as a

whole.




repl aced. As described above, each contact elenent 30 has been 5 detachably
nmounted in such a way as to prevent a downward wthdrawal refattve to base

10 in"the socket of the enbodi ment and det achabl y
36 on the reverse side of the base 10 in such a \N:Ii[“lmﬂllmmngﬂ
a

p menber .
: * an upwar d
w thdrawal, with a result that the operation f'or the 80 tnstalsl ati on or

repl acenent of a contact 30 can be easi#§ carried out. Back in Fig. 1, a
slide plate 40, constructed in such a nmanner as to be slidable in opening
and closing directions 15 of each pair of arnms 30a and 30b of the

g espective el ement s igpcRelVhptratist R8coRaly W Easan of inhehbasea 10. Fi gs.

groove is formed in the slide plate adjacent each aperture
and the interconnection betweén the said one of the first
and gsecond contact arms and the slide plate comprises a tab
extending from a distal end portion of said one of the first
and second contact arms which is received in a respective
groove.

5. Socket apparatus according to claim 1 in which the
bottom generally planar surface of the slide plate is spaced

from the base.

6. Socket apparatus according to claim 1 in which the
means to move the slide plate comprises a lever mechanism
'having a generally L-shaped lever member havin§ a portion
pivotably mounted in the base, the lever member having an
elongated arm extending from the pivotably mounted portion
to a disfal end portion and a relatively short arm extending
upwardly from the pivotably mounted portion at a selected
angle from the elongated arm to a motion transfer end
disposed on a side of the slide plate in the X direction, a
downward force exerted on the distal end of the elongated
arm causes the lever member to pivot and transfer the force
to the slide plate causing the slide plate to move in the X

direction and a spring member mounted on the base and

/——’_/

—



t hrough 13 show the construction of slide plate 40, a generally square,
resin-forned plate having generally planar top and bottom surfaces. At the
| ocati on corresponding to 20 each contact elenent 30 of the slide plate 40
or each contact holding hole 34 of the base 10, there is forned an aperture
42 extending fromthe top to the bottom surfaces fer—the+eceptionof both
arns 30a and 30b of each respective coflact el enen ' he
pattern of the -26- arrangenent of the aperture%llm“ﬂﬂmuﬂmzﬂlmlto t he
desired : * ¢ L M s %

Claim 6 continued:’

adapted to apply a return force to the slide plate in
opposition to the force transferred to the slide plate from

the lever member

7. Socket apparatus according to claim 6 further
including a cover mounted on the base and being movable
between first and second positions, the cover having a
motion transfer surface to apply a downwardly exerted force
to the lever mechanism when moved from the first to the

second positions.

8. Socket apparatus according to claim 7 in which the
- cover moves between the first and second positions in a
direction parallel to the Z axis and the cover has an
opening therethrough to allow loading and removal of an

electric part relative to the socket apparatus.

9. Socket apparatus according to claim 6 in which the
lever mechanism includes another lever member having a first
end pivotably mounted in the base, the said another lever
member extending to a distal end having a force transfer

surface and having an intermediate portion in which a slot

cowgee



pattern of the cont act el ements 30. AS shown in Fig. 9, the |ower opening
portion of each 5 aperture 42 is formed approximately in the shape of a
square separated by a wall from adj acent apertures 42. As shown in Figs. 8,
10 and 11, the upper opening portion of each aperture 42 is in
'connunication with the adjacent apertures 42 in one direction (X direction
in Fig. 8) and is separated 10 by a pard50ti on wall 40a in the other
direction (Y direction in Fig. 8). On both sides of _odd nunber partitiaon

wal I's 40a, there is formed a groove 40b for engagenent with tab 30f of a
respective arm 30a of the first and second contact el HMUﬂ m “mB
will be described |ater. G ooves 15 40b are forned at are

sonewhat of f sctaimh 9 Continued:

is formed, the distal end portion of the elongated arm of

the L-shaped memberfbeing slidably connected in the slot.

10. Socket apparatus according to claim 1 further
including a stop member having tcp and bottom surfaces
mounted on the base movable between a locking position and
an unlocking position, the stop member having a plurality of
apertures extending through the stop member between the top
and bottom surfaces, the contact elements each having an
elongated pin portion received through a respective stop
member aperture, a protuberance being formed on each contact
element aligned with the stop member aperture and a stop
member protuberance being formed in the stop member in each
stop member aperture, each stop member protuberance engaging
with a respecé¢tive contact element protuberance preventing
upward vertical movement of the respective contact element
when the stop member is in the locking position and each
stop member protuberance being out of engagement with the
respective contact element protuberance when the stop member

igs in the unlocking position.



the X direction fromthe central axis of each ap
to Figs. 8;10, a plurality of L-shaped Iegs 40c, ru num
S|

| egs 40c, are fornmed on a 20 pair of mutually opp®sifg
plate 40. At one side on either end and close to the |eg
right-side in Fig. 8), a spring receiving part 40d'-' '

mgnu&:;:ace

S s$O

he sl

direction which is perpendicular to t heSkeg 40c.

one end of a -27-

11. Socket apparatus according to claim 1 inclﬁding a
cover mounted on'the base and being movable between first
and second positions, the cover having an opening
therethrough to allow loading and remcval of an electric
part relative to the socket épparatus and latch means
comprising spaced spring latches mounted in the base
adjacent the electric part seat, the latches each having an
electric part holding portion movable in a plane parallel to
the top surface .of the slide plate over the electric part
seat and the cover having a surface portion which biases the
spring latches toward the electric part seat with the
electric part holding portion disposed over the electric
part seat when the cover is in one of the first and second
positions and which allows the electric part holding portion
of the spring latches to move away from the electric part
seat when the cover is in the other of the first and second

positions.

12. Socket apparatus for removably mounting an
electric part having a plurality of lead terminals arranged
in a selected pattern comprising a base, a plurality of
elongated contact elements each having a longitﬁdinal axis
mounted in the base with the longitudinal axis extending

generally parallel to a Z axis in a pattern extending in X-Y

This Sheet Has Been Replac
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conpression coil spring 46 as will be described bel ow. A guide post 40f .
having a tapered surface for guiding and positioning the peripheral part of
a BGA package 32 is forned at each of the four corners of slide plate 40. 5
Figs. 14 through 19 show the inner structure of the socket in detail. Wth
reference to Figs. 15 17 and 19, each contact elenent 30 has its center
part 30d held in a respective contact h®2ding hole 34,QL,Lhe’b§§§’5ﬁd a

pair of 10 arns 30a and 30b at its distal tip acconnod W“spective
aperture 42 of the slide plate 40. In the X dlrect iﬁ; “&A el enent s
30A or 30B are arranged in one row and, in the Y d e ffrst

cont act el enent
Claim 12 Continued:

. directions perpendicular to the Z axis and to each other
corresponding to the selected pattern, each contact element
having a flexible contact arm movable between first and
second positions, a slide plate having top and bottom
generally planar surfaces mounted on the basge t:o =lide in an
X direction, the slide plate having a plurality cf apertures
extending through the slide plate.between the top -and bottom
surfaces and arranged in a pattern corresponding to the
selected pattern, the contact arm of each contact member
received in a respective aperture interconnected with the
slide plate to move therewith in the X direction, the socket
having an electric part receiving seat with the lead
terminals of an electric part received in respective
apertures adjacent a contact arm when the electric part is
received in the seat and means to move the slide plate
between an open contact arms position when the electric part
can be inserted into and removed from the seat and a closed
contact arms position when the terminal leads of the

electric part are engaged by respective contact arms.



30A and the second contact el enment 30B are arranged 15 alternately.
Accordingly, the first contact elenment 30A and the semﬁWt
30B are arranged on both sides of each partition wall the sli

pl ate 40 and one side of the arns 30a are engaged by tWﬂﬁ% mmmm
sides in the groove 40b at the top of the partition wa of
arns 30a and 30b of each contact elenent 30 nutually face in the
direction. In other words, both arns 30a and 30b ope

direction. As shown (Figs. 8-10), slide plate 40 ha Wislw@ﬂmgsgégnf_
protrusions 41 on the side edge. As shown in Figs. 7 REPLACED

-53-

13. Socket apparatus for removably mounting an
electric part having a plurality of lead terminals arranged
in a selected pattexn comprising a base, a plurality of
holes formed in the base arranged in a pattern corresponding
to the selected ﬁattern, a plurality .of .elongated contact
elements each having a longitudinal axis mounted in a
respective hole in the base, a stop member having top and

‘ bottom surfaces mounted on the base movable between a
locking position and an unlocking position, the stop member
having a plurality of'apertures extending through the stop
member between the top and bottom surfaces aligned with the
contact elements each having an elongated pin portion
received through a respective stop member aperture, a
protuberance formed on each contact element and a stép
member protuberance formed in the stop member in each stop
member aperture, each stop member protuberance engaging with
a respective contact element protuberance preventing upward
vertical movement of the respective contact element when the
stop member is in the locking position and each stop member
protuberance being out of engagement with the respective
contact element protuberance when the stop member is in the

unlocking position.
—_—
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-28- and 19, the slide plate is installed spaced slightly-above the top of
base 10. Since the 1egs 40c of the slide plate 40 slides under the rotary

| ever shafts 54 and 66 (Fig. 16) as will be described below, floating in
the X direction can 5 be prevented and the slide plate 40 stabilized.
Because of this, slide plate 40 slides in the X direction w thout engagi ng
t he upper surface of the base 10 at | ocations other than the protrusion 41.
In each contact el enent, one arm 30a irs engaged with the partition wall 40a
of the slide 10 plate 40 by tab 30f at the tip, with a result that both
arns 30a and 30b can be opened or closed by the sliding of the

-54 -

SOCKET APPARATUS
Abstract of the Disclosure

A socket having a structure which is suitable for
electrical connection with bﬁll-shaped lead terminals of an
IC package is shown. ﬁhen a vover (12) is pushed dqwn, a
latch (70) moves away, a slide plate (40) slides toward the
posgitive side in an X direction through levers (52) and (50)
and movable shaft (58) and both arms of each contact maker
(30} open. Each lead terminal (solder ball) (32a) of the
BGA package (32) is freely ;nserted between both arms of a
respective contact maker (30) when in the open state. When
cover (12) rises to its highest position, slide plate (40)
slides in the reverse direction by the spring force of a
compression coil gpring, tﬁereby returning to the its
original position and both arms of each contact (32) engage
each lead terminal (32a) iu such a way as to hold it from
opposite sides with a result that an electrical connection
based on compressive engagement is obtained between each

contact element (30) and each respective terminal (32a).

FIGURE 16



slide plate 40 in the X direction. Next, a slide driving nechanism for
slide plate 40 in 15 the X direction in dependence upon the verti cal
movermrent of cover 12 in this enmbodiment will be explained. This slide
mechani sm conpri ses ‘a spring nenber which biases the slide plate 40 i-n the
X direction (which will hereafter be the positive X direction, X+) at all
times and a | ever nmenber. 20 which noves in the opposite direction (which
will hereafter be the negative X directi®n, X-) in opposition to the spring
menber. Figs. 20 through 22 show the location of the 25 installation of a
spring menber which provides the bias in

- 14
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-29- the positive X direction, X+, with Fig. 20 being a plan view of the
assenbly of base 10 and slide plate 40, Fig. 21 a partial cross section
taken along line 21-21 in Fig. 20 and Fig. 22 an expanded vi ew of part B of
Fig. 21. 5 Conpression coil spring 46 is provided in close proximty to a
pair of spring receiving grooves 40b of slide plate 40. As shown in Figs.
22(A), 22(B), one end of the conpression coil spring 46 is fixed to the
spring receiving 10 part 40d of the slide plate 40 and the cther end is
fixed to -
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the wall surface |0c of the base 10. As noted above, slide plate 40 is
slidably novable in the X direction on base 10 and is biased in the
positive X direction, X+, by the spring force of the conpression coi

spring 46. 15 As shown in Figs. 2, 3, 14, 16, 18 and 23(A)-23(C), the lever
mechani sm of the socket conprises.a pair of |evers 50 and 52 constituting a
| i nk mechani sm nounted on both sides of the base 10 with respect to the Y
direction. 20 The first lever 50 is appsoximately in the shape of an L and
has a bent part 50a, a short arm50b and a | ong arm 50c. The bent part 50a
of lever 50 is rotatably installed
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on each end of fixed shaft 54 nounted on base 10 extending 25 in the Y

directton through an E ring 56. The short arm 50b

- 30-

of | ever 50

extends upwardly at an angle which is close to a right angle fromthe bent
part 50a toward the side of the slide plate and is linked through E ring 60
to each end of novable shaft 58 which traverses the upper surface of base 5

10 in the Y direction,
50c of
toward the center of the

708

adj acent one side of slide plate 40. The long arm
| ever 50 extends upwardly froh/Bént part 50a at an acute angle
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socket, with its distal free end being |linked. through an E 10 ring 64 to a
pin 62+which has been slidably inserted into an el ongated groove or opening
52a that has been fornmed in an intermedi ate portion toward the top of
second | ever 52. The second |l ever 52 is forned approximately in a 15
straight line, with its base 52b being rotatably installed through an E
ring 68 at each end of fixed shaft 66 nmounted at the other end of the base
10 and extending in the Y direction. T J:0p part 52c of this lever 52 is
rotatably linked to the distal end of tHe Tirst |lever 50 through pin 20 62
di sposed in groove 52a and E ring 64 and, at the same tine, extends
vertically upwardly after bending somewhat toward the horizontal direction
fromthe vicinity of the
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upper end of groove 52a, with its circular upper edge 52d being in
engagenment with the | ower surface of the notion -31- transfer portion
12a whi ch protrudes downwardly on the inner surface of cover 12 at the
center of the socket. Fig. 23(A), 23(B), and 23(C) are cross sectional
views 5 show ng.the various stages of novenent of |evers 50 and 52 which
are linked to the vertical novenent of cover 12, Fig. 23(A) depicts the

situation when cover 12 is at its hi §liest position, Fig. 23(B) when cover
12 is at an intermedi ate
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hei ght and Fig. 23(C) when cover 12 is at its lowest 10 position. |In Fig.
23(A), when.cover 12 has been raised to its highest position by the spring
force of conpression coil spring 24, the respective distal ends of the
first and second | evers 50 and 52 are at their highest positions. As the
slide plate 40 is noved in the positive X direction by 15 the spring force
of the conpression coil spring-as shown in Fig. 22(A), 22(B), the novable
axis 58 is noved in the direction of X+7pmsone side (right side) of the
slide plate 40, with a consequence that the first |lever 50 as a whol e noves
upwardly (cl ockwi sg) and, as a result, the lever 52, 20 too, noves in an
upwardly direction (counter clockw se) through connective parts 62 and 52a.
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When cover 12 is pressed down, the notion transfer portion 12a of cover 12
transfters force to the tip 52d of 25 the second | ever 52, thereby pressing
| ever 52 downwardly -32- with a result that the l-ever 52 rotates in a
downwardly. direction (clockwi se direction), followed by the rotati on of
the first lever 50in the downwardly direction (counter clockw se) through
the connective parts 62 and 52a, with a 5 consequence that the novable
shaft 58 which is connected to the skuy;zgarn150b of lever 50 noves in the
negative X
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direction, while pressing one side (right side) of the slide plate 40, as
is shown in Fig. 23(B). At this point, conpression coil spring 46 is
conpressively deformed as 10 shown in Fi,g. 22(B) and the slide plate 40
slides in the X- direction. The counteraction created when cover :12 has
been pressed downwardly-i-s produced by the spring force of 15 conpression
coil spring 24 that directly works on the four corners of cover 12 and the
spring force of the conpression coil gppsng 46 which indirectly works on
the notion transfer portion 12a of cover 12 through the slide plate 40, the
movabl e shaft 58 and the levers 50 and 52. 20 - '
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Wien the cover is pressed down to the | owest position, both | evers 50 and
52 rotate to their |owest positions shown in Fig: 23(C), with a result that
t he novabl e shaft 58 and the slide plate 40 are displaced to the naxi mumin
the X- 25 (negative) direction. The conpressive deformation of the - 33-
conpression coil _springs 24 and 46 al so reach a maximum at this position.
When the force on cover 12 is released, the various 5 novable parts shift
in a direction which is opposite to tﬂﬁ?zs
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above, i.e., fromthe Fig. 23(C) position to the Fig. 23(B) position and
then to the Fig. 23(A) position. The first lever 50 |linked to the novabl e
shaft 58 is 10 formed in the shape of an L having a long |l ever armlinked
to the second lever 52. As a result, a substantially light (small) downward
force on cover.12 is sufficient to nove the slide plate 40 in the X-
(negative) direction in opposition to the spring force of the conpression
coil spring 46. 15 In Figs. 1 throughi3,/2sig. 14 and Fig. 18 once again, a
pair of latches 70 in the shape of a spring plate are nounted on base 10 at
a location which is close to both sides of the slide plate 40 |n the Y

di rection, and at t he
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20 center in the X direction of the socket. As best seen in Fig. 24(B), the
| ower end of-each latch 70 is fixed to base 10, with either the

i ntermedi ate portion or the upper end being elastically displaced in a

pl ane which is perpendicular to the |ongitudinal axis of the | ower end of
-34- the plate. An électric part holding portion 70a protruding
transversely inwardly in the shape of Vis forned at the top and a | ower

gui de part 70b protruding outwardly in the shape of L is fornmed in the

I ntermedi ate portion. 12/25
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5 Behind each latch 70, there is provided a | atch guide (Iatc;~;;;:;;735\\‘““~

part) 72 which extends perpendicularly dowwardly fromthe inner wall of
the cover 12. Latch guide 72 has the |lower portion and the internediate
portion formed 10 on a perpendi cul ar gui de surface 72a and the top portion
formed on a guide surface 72b which is tapered outwardly in an upward
direction. Wien the top (upper guide portion) of the latch 70 is 15 in
touch with the perpendicul ar gui de surface 139 gf the latch guide 72 as:
shown in Fig. 18, the latch 70 is elastically ﬁﬂsplaced in such a manner as
to bow toward the socket center and the electric part holding portion 70a
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covers the top of the outer peripheral part of the slide 20 plate 40 at the
el ectric part seat. Wen cover 12 is pressed down, the | ower guide portion
70b of latch 70 noves to the inclined guide surface 72b, with a consequence
that latch 70 returns to its original shape by its spring return force and
the electric part holding portion 70a noves away -35- fromthe top of
the electric part seat at the outer peripheral part of the slide plate 40.
Next, the action connected with the |oading of the BGA
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5 package on the socket wl|
32. Figs.
downwardly to the position of
(B) being parti al

be explained by referring to Figs.
24 through 26 show the state in which cover

its |l owest 10 ext

cross sections of the construction of the socket

24 t hrough
12 has been pressed -
reme, with wigs. 24(A) and
i nterior

with the GBA package being | oaded, Fig. 25 being an enlarged view of the

essential part of Fig. 24(A),
the typical positional.

ball) 32a and arns 30a and 30b of

12 is pressed downwardly as.
ori gi nal

and Fig. 26 being

an enl arged vi ew show ng

rel ati onship 13s/bgtween | ead termnals (sol der

respective contact el enents.

shown in Fig. 24(B)

position withyjts | ower
\
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20 gui de part 70b being i-n engagenent with the inclined guide surface 72a
of latch guide 72 and the electric part holding portion 70a noving
outwardly away fromthe electric part seat outside, with a consequence that
it becones possible to insert the BGA package 32 into the socket through
opening 14 25 of cover -12 from above. In this case, the peripheral part
-36- of the BGA'package 32 is guided by the inside surface of a guide post
40f of the slide plate 40 (Fig. 25) RA¥85its seat and each | ead ternlnal
(sol der ball) 32a of the BGA package ,
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32 enters the aperture 42 of the slide plate 40 that 5 corresponds
thereteo. Wren cover 12 is pushed down as descri bed above, the slide plate
40 slides in the X- direction through | evers 52 and 50 and novabl e shaft

58. One arm 30a of each contact 10 el enent 30 which is engaged with the
groove 40b on the partition wall 40a of the slide plate 40 shifts toward X-
along with the sliding of slide plate 40 but the other arm 30b remai ns
stationary, with a result that both arnms 30a and 30b will open. As shown in
Figs. 25 and 26, therefore, each 15 | eag bHgrmnal (solder ball) 32 of the
BGA package 32 is freely inserted between both arns 30a and 30b of a
respective contact el enent 30. 64
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Figs. 27 through 29 show the state in which the 20 downward force on cover

12 is renoved and cover 12 is noving upwardly, with Figs.

bei ng parti al

27(A) and (B)

cross sections showi ng the construction of the socket

inferior at that time, Fig. 28 being an enlarged view of the essenti al
of Fig. 27(A) and Fig. 29 being an enlarged view 25 showi ng the typical

-37- termnals (solder ball) 32 and
arns 30a and 30b of respective contact el enents 30.
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VWhen the downward force on cover 12 is renoved, the 5 slide plate 40 slides
in the-X+ direction by the spring force of the conpression coil spring 46.
As arm 30a of each contact el enent 30, engaged with a respective groove 40b
on the partition wall 40a of slide plate 40, also noves integrally w th the
slide plate 40, the di stance between 10 both arns 30a and 30b becones
smaller as shown in Figs. 28 and 29. Along with the sliding of the slide
plate 40 in the X+ direction, the first lIge/\é%r 50 rotates upwardly

(cl ockwi se direction) through novabl e shaft "58 and the second | ever 52 al so
rotates upwardly (counter clockw se direction) through 15 a | ever
connective part 62 as shown in Fig. 27(A). Al so, a/33 een in Fig. 27(B),
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\

of cover 12, the lower guide part 70b of latch 70 noves fromthe inclined
gui de surface 72b of latch. guide part 72 to the 20 .vertical guide surface
72a and the electric part holding portion 70a of latch 70 noves forward and
beconmes engaged with the outer periphery of the upper surface of the BGA
package 32. -38- Figs. 30 through 32 show the state in which cover 12

has noved to the position of its upper Iim';to/z\gth Figs. 30(A) and (B)
bei ng partial cross sections show ng the '
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construction of the interior .of the socket at that tinme, 5 Fig. 31 being .
an enl arged view of the essential part of what is shown in Fig. 30(A) and
Fig. 32 being an enlarged view showi ng the typical positional relationship
between lead term nals (solder ball) 32a and arns 30a and 30b of respective
contact elenents 30. 10 Wen cover 12 reaches the position of its highest
limt, slide plate 40 slides in the X+ direction due to the spring force of .
the conpression coil .spring 46 and ret yr Ngst o the vicinity of its original
position and both arns 30a 15 and 30b o# each contact elenment 30 close in
such a manner as to hold a respective solder ball 32a from opposite sides,
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with a result that an electrical connection is obtained by the conpressive
engagenment, between each contact el ement 30 and a respective sol der bal

32a. Latch 70 elastically 20 presses BGA package 32 from above as shown in
Fig. 30(B). The BOA package 32 receives a burn-in test in the state of
being |l oaded in the socket in the manner described above. Wien BGA package
32 is to be taken out of the socket, 25 it is only necessary to press cover
12 down once again to

-39- the heighy2shown in Figs. 24(A) and (B)
Ther eupon, the : : :
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vari ous novable parts in the socket nove in an opposite direction, both
arms 30a and 30b of each contact el enment 30 separate fromtheir respective
sol der ball 32a, each latch 5 70 noves outwardly and its package hol di ng
part 70a is separated fromthe BGA package 32. At this point, it becones
possi ble to pick out the: BGA package 32 with a pair of tweezers or the
like. It will 'be seen that not only the | oading and unl oadi ng of the BGA
package 32 but also the 10 operation 95 ?Qver 12 (downward force and the
renoval of the force) involve actions oﬁ y in the vertical direction.
Therefore, a series of these operations can be easily carried out using an
automatic unit. 15 Arms 30a and 30b are offset fromanother a slight
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di stance in the Y direction and are each novable in the X direction so that
an i magi nary line drawn through the locations of their engagenent with a
respective solder ball 32a is not parallel to the X direction. This
arrangenent 20 facilitates piecing of the surface oxide filmof the sol der
ball 32a by the inner edge of each arm 30a and 30b of contact el enent 30
whi ch hold the respective solder balls 32a from opposite sides as shown in

Fig. 32 in the socket described in th|§4ﬁﬂpod|nent As a result, there is
-40-
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¥ @ g
obt ai ned a'satfsfactory el ectrical engagenent between contact el enent 30
and the respective solder ball 32a. In view of the fact that the positional
rel ati onship of 5 contact elenents 30A and 30B are symetrical with each
other with arnms 30a and 30b of contact el enments 30A being positioned 180
degrees relative to arns 30a and 30b of contact elenments 30B which are
adj acent to each other in the Y direction, the rotary force given to each
sol der ball 32 10 by the conpressive contati/26th a respective contact
el ement 30 cancel one another so that there is no danger for the position
of the sol der ballsdﬁga t hrough the BGA package 32 being shifted. 15
In addition, each c % <§>'
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conpr essi ve ‘engagement in such a manner as to hold the side of the solder
balt from opposite sides by a pair of arns 30a and 30b Aithout engaglng t he
botfom of the ball as shown in Fig. 31. According to t e T aerRns Jod

32a in this manner, there are obtained such benefits ns,ho msthe e
I s no danger for the bott om of each solder ball 32a tad.be clarraged... )

rrrrrrrr

def ormed; a constant pressure is obtained even when there 15 a varrataalin
the 25 thickness of the BGA package; thedé-i's no dangw

it i it T

1. Socket apparatus for removably mounting an electric part having a
plurality of lead terminals of a generally ball shape arranged in a selected pattern
comprising a base, a plurality of elongated contact elements each having a

 longitudinal axis mounted the base with the longitudinal axis extending generally _
parallel to a Z axis in a pattern extending in X-Y directions perpendicular to the
Z axis and to each other corresponding to the selected pattern, each contact
element having first aﬁd second flexible contact arms movable between open and
closed positions, a slide plate having top and bottom generally planar surfaces
mounted on the base to slide in an X direction, the slide plate having a plurality

~ of apertures extending through the slide plate between the top and bottom surfaces
and arranged in a pattern corresponding to the selected pattern, the first and

'sammdcmmeannsofemﬂlmmmmnnmmﬂmrnmdvqihlarmmaxheapmmne
with one of the first and second contact arms being interconnected with the slide
plate to move therewith in the X direction, the socket having an electric part
receiving seat with the lead terminals of the electric part disposed in the seat
nxzhmdinrequﬁveapmmnrsbeWwwnrmqmnﬁwaﬁnﬁamd&xmndconﬂwtanns
and means to move the slide plate between an open contact arms position when
ﬂm:ebcuk:pmicmnix:hmmmxlhmoandrenmwaiﬁunnthesmatamdzlckmed
contact arms position when the terminal leads of the electric part are engaged by
rﬁmaxweﬁmﬂami&xomimxmmtmnm.



-41- or wiring inside the package to be damaged because the BGA package
receive a force in a direction which is perpendicular to the

does not

surface of the package—%ﬁarm—er—d—e‘crﬂ—c‘a“f properties in terns of contact

resi stance and 5 i nduct E as the conta elepert130 and t he

respective sol der ball ‘ﬁﬂﬁm;m mml t her |gT, WRC@Q.Enu'sHmd the stress:

t hat- each contact el ene necedi ves 1s snmalll "SI ncggi H0a and 30b
(?)a?é-'g ni.. Wl.t-h

of each contact elenent 30 effect a conpressi
bal] 32a by 10 a displacenment on its way b rgtilrni

|

state of the maxi mum di spl acenent to its origi naI state. Additionally,
conduct or di stance between each

~ 11. Socket apparatus according to claim 1 including a cover mounted on
the base and being movable between first and second positions, the cover having
an opening therethrough to allow 'loading and removal of an electric part relative
to the socket apparatus and latch means comprising spaced spring latches mounted

in the base adjacent the electric part seat, the latches each having an electric part .

holding portion movable in a plane parallel to the top surface of the slide plate
over the electric part seat and the cover having a surface portion which biases the
spring latches toward the electric part seat with the electric part holding portion
disposed over the electric part seat when the cover is in one of the first and
second positions and which allows the electric part holding portion of the spring
latches to move away from the electric part seat when the cover is in the other
of the first and second positions.

12. Socket apparatus for removably mounting an electric part having a
plurality of lead terminals of a generally ball shaped arranged in a selected pattern
comprising a base, a plurality of elongated contact elements each having a
longitudinal axis mounted in the base with the longitudinal axis extending
generally parallel to a Z axis in a paﬁem extending in X-Y

t he



sol der ball 32a and the printed substrate is reduced and -15 satisfactory
el.ectrical properties including resistance, inductance, and the |ike of the
contact elenent 30 i ' i nasmuch as the contact el enment 30

is formed approxi mate ' ' line in the socket in this
enbodi ment. 20 As the”mmmmﬂ!*ﬂ'ﬁnmhe BGA packpgge_S2thet

| oaded in the socket is exposed te outside air th SHVSHEE
12~ the heat that has been generated inside the B pe&:ﬁa@@T:ﬂgQﬁian

effectively dissipated. In 25 addition, 58over 12 d¥% mrechant smrwh
noves up and - , ' .

cover

‘eby it

13. Socket apparatus for removably mounting an electric part having a
plurality of lead terminals of a generally ball shaped arranged in a selected pattern -
comprising a base, a plurality of holes formed in the base arranged in a pattern
corresponding to the selected pattern, a plurality of elongated contact elements
each having a longitudinal axis mounted in a respective hole in the base, a stop
member having top and bottom surfaces mounted on the base movable between
a locking position and an unlocking position, the stop member having a plurality
of apertures extending through the stop member between the top and bottom
surfaces aligned with the contact elements each having an elongated pin poftion
received through a respective stop member aperture, a protuberance formed on
each contact element and a stop member protuberance formed in the stop member
in each stop member aperture, each stop member protuberance engaging with a
respective contact element protuberance preventing upward vertical movement of

- the respective contact element when the stop member is in the locking position
and each stop member protuberance being out of engagement with the respective
contact element protuberance when the stop member is in the unlocking position.



-42- down relative to the base 10 and the latch 70 for
package 32 acts in dependence upon the vertical novene

automatic unit to carry out the |oading and unl oadi ng ot=the=Bc? —pac :
In the socket of this exanple, noreover, contact io elenents 30 are not
fixed to. the base 10 by the conpressiop gpthod but instead are detachably
fixed to base 10 by neans '
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of a stop nenber 36 having apertures 36a prOV|ded W th protuberances-—268——:
provi ded on t-he | ower surface of base 10 as described in ﬁEﬁEACQMEMWBHEET
Figs. 6 and 7. Therefore, 15 it becones easier to install rr Ei U EEB
contact elements 30. In the enbodi ment described, an expl g %
given of a socket which is suitable for use in a burn-in tie .
| oadi ng of a BGA package 32 that has a lead 20 term nal pattern as shomn I n
Fig. 4(C). However, this irnvention is npjp30 be limted to such a socket
construction but can be transforned or nodified variously within the range
of its technical concept.
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-43- It is also possible to nodify the shape of contact efquaL“BQJJLﬂ-—m~www

e 1

vari ous ways. If desired, one (such as 30b) of arns 30a and¥' _ﬂﬂ@éﬂ%&TSHEE{'.

i

b
el imnated or sone suitable re- inforcing part nay be added ven t |
engagenent structure 5 between contact el ement 30 and the s{op.Q é é {
can be changed and the engagenment structure between an arm —eant-actm=—=
el ement 30 and the slide plate 30 can also be nodified. 10 The cont act
part opening and cl osi ng nechani sm whi cdyzauses each contact element 30 to
conpressively engage the lead termnal 32a in |linkage with the verti cal
movenent of -~ 32b '

—_—
1

!

|

_3a
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302 e (4f0f fﬂga
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30b \ R L |

30b 30d j0e 30c
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‘cover 12 also can be nodified. For exanple, the second | ever 52 can be
omtted by directly linking the first lever 15 50 to cove - ; RN
cover-12 can be elim nated by causing sone suitable tool di REBEAMyZENWEHIEET |
on lever 50 for slide plate 40. The enbodi ment described pertai g § Jub L
socket for a BGA 20 package. However, this invention can DaBpl-i-ea- -t H
sockets for other kinds of |IC packages such as a pin gridarray package, —an
SQ) package and an SOP package, etc. Iglggdition, it can be used for a

socket for a "bare" chinp. '
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-44- -Moreover, this invention can be used not only.for g-secket _.
a burn-in test but also for sockets for use in an electrlﬁaPL@ZEpgﬂ

whi ch is 'desi gned to exam ne the input/output characterifstic d pul se 5
characteristics of an IC package in a short tine periodj Patehas...been..........

L__._._...._._-. :

expl ai ned above, socket apparatus which is suitable for =erectrrca
connection between an electric part and a | ead term nal and socket
apparatus equi pped with 10 contact elenments with superior electrical _
properties and durability, in particulsy22is provided by this invention.
The invention al so provides a socket apparatus which can safely nount an
electric part and . which can be electricaﬁmx\' 30b

3
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N
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<
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deformation to the interior of the electric part or the leag te n?r@ML‘EBQ
According to the socket of this invention, further, a consi Hnmzu.oLce ................
bet ween each | ead term nal and each 206r pective contact eT—iS

provi ded without being affected by the {%¢ ckness of th I n body of the
electric part. In addition, space econoni zat#lon i4depro ed and autonmation

. { ' )
connected to each lead term nal w thout causing undesirabl e} irgrd ATEFRENT SHEE }

of the loading and unl oadlifng of 4he electric part:is flacil.jtated as well as
the installation and disrfant!ing fof aZ cgnt act ! gt nt4 n the main:
socket body. Bl .
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-45-- 1t shoul d be understood that this invention includes a
and equival ents of the described enbodinent falling within

S4—rrocitieat-ons—— _

] m’@mmwmr SHEET

appended cl ai ns. 46 1. Socket apparatus for renovably anntl

el ectric part having a plurality of |ead term nals of a-gen

r%iﬁga }ZFFQ .......

shape arranged in a selected pattern corprising a base, a pke

UI u.l'l ty OF

el ongated contact el enents each having a | ongitudi nal axis nounted the base

with the |ongitudinal axis extending generally
1/22

40f

40c

42 4
FIG. 10 . ¢




parallel to a Z axis in a pattern extending in X-Y directig
tothe Z axis and to each other corresponding to the sel ect
contact elenment having first and second flexible contact ar
between open and closed positions, a slide plate having top
general | y- pl anar surfaces nmounted on the base to slide in an X direction,
the slide plate having a plurality of apertures extending through the sllde
pl ate between the top and bottom surfaces and arranged in a pattern
correspondi ng to the sel ected pattern, 4 first and second contact arns of
each contact menber received in a respective aperture with one of the first
and second contact arns being interconnected with the slide plate to nove
therewith in the X direction, the socket having an electric part receiving
seat with the lead termnals of the electric part disposed in the seat
received in respective aggftures between respective first and cond

enEhGWiieT
}""ng‘?er e 19£

-----------------------

contact arns and neans tof nove the[fllde pl at e bet n an op ontact arns
positi on when
- / | 42
A s 2 ﬁm
- NNNRNTANNNN J NNMMMNNRNNNN
\\_ P N .
Y 40¢ | 40c

FIG. 12




__:'————-—— H
T \ ;..‘\&T QﬁLET
the-electric part can be inserted into and renoved from hé“'seat “and

cl osed contact arnms position when the term nal | eads of thh
are .engaged by respective first and second contact arns. - T
‘conti nued: plate between an open contact arns position when the el ectric
part can be inserted into and renoved from.the seat and a cl osed cont act
arns position when the term nal | eads9p22the electric part are engaged by
respective first and second con%?ct /gms 50 12
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2. Socket apparatus according to claim1l in which the fir F_B;Etd-
contact arns are spaced fromone another in the Y di rect|0r1 a:E@LaGBMr#)‘\Ta‘%‘F@T
relati.ve to one another in the X direction so that an imagij ary Z eJm_r
through an electric part termnal |ead between the points off Teity gg;nren
with the first and second contact arns is not parallel w thi
direction. 3. Socket apparatus according to claim2 i.n which the cont act

elenents are rotated on their | ongi tudl sz axis 180 degrees in alternate

rows of apertures in the Y direction to ?set rotational forces applied to.
the termnal |eads as a whol-e. -
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-48- 4. Socket apparatus according to claiml in which a

in the slide plate adjacent each aperture and the intercon egtt@mt@@iﬁkgnuﬂ‘
|1 de

the said one of the first and second contact arms and the

conprises a tab extending froma distal end portion of salq.ana Q1. Lhe :
first and second contact arns which is received in a resped SSis A,
Socket apparatus according to claiml1l in which the bottonlgenerally planar

surface of the slide plate is spaced f&gg&the base.
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6. Socket apparatus according to claim1 in which the
sl.ide plate conprises a | ever mechani sm having a gener al
menber having a portion pivotably nounted in the base,
havi ng an el ongated arm extending fromthe pivotably no
distal. end portion and a relatively short arm extendi ng upwardly fromthe
pi votably mounted portion at a selected angle fromthe elongated armto a
notion transfer end di sposed on a side of the slide plate in the X
direction, a downward force exerted orlZ2A422 di stal end of the elongated arm
causes the lever nenber to pivot and transfer the force to the slide plate
causing the slideyplate to nove in the X direction and a spring nenber

nounted on the bas and 4b 10 404 /,,22
@} 7 \ / '
/ / '\20
p—td E]\ 18
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40c
40c
18a /-!8a
\\ i | .
YN DY &

° 4 dod ) 20
X 22
FiIG. 20
] 118

183 S L | B

\’—\
~—
o
Su

45

FIG. 21



it e
¥

LACEMEN‘ SHE=!
-49- Claim6 continued: adapted to apply a return force-t h ﬁﬁL e
in opposition to the force transferred to the slide plate f qgl ever
menber, 7. 'Socket -apparatus according to claim6 further i
nmount ed on the base and bei ng novabl e between first-and second posi tions,
the cover having a notion transfer surface to apply a dowiwardly exerted
force to the | ever nechanlsnlmhen moved fromthe first to the
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second positions.

to the Z axis and the cover has an opening therethrough {3
and renmoval of an electric part relative to the socket a

SH EET
8. Socket apparatus according to clai ~PHAREM EFP
cover noves between the first and second positions in a irecti el

ratus.

9. Socket

apparatus according to claim6 in which the | ever nechani smincl udes

anot her | ever nenber having a first end pivotably nounted in the base,

t he

sai d anot her |ever nenber extending to}iéﬁbstal end having a force transfer

- surface and having. an internedi ate porti

64

in which a slot |
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end portion ofj

is formed, the distal
HREPLAGEMENT IGHEET

-50- d aim 9 Continued:

arm of the L-shaped nenber being slidably connected in the
apparatus according to claim1l further including a stop ne r haw &g fic
and bottom surfaces nounted on the base novabl e between a | Epﬁﬁi%gsggkgﬁgg -----
the stop nmenber having -a pluraliTy
t he

and an unl ocki ng position,
ext endi ng through the stop nenber hghe top and bottom surfaces,
each having an el ongate ﬁ?% portion received through a

contact el enments.
respective stop nenber aperture, a protuberance being fornmed on each

bet ween

cont act o
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el enment aligned with the stop nenber aperture and a stop
prot uberance being fornmed in the stop nenber in each stop|\nsd
each stop nenber protuberance engaging with a respective
pr ot uberance preventing upward vertical novenment of the respective contact
el ement when the stop nenber.is in the | ocking position and each stop
menber protuberance being out of engagement with the respective contact

el ement protuberance when the stop menb®f22s in the unl ocki ng position.
"11. Socket apparatus according to claim1 including a cover nounted on
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the base and being novabl e between first and second positi dNSsptt& O CEHzET |
havi ng- an epeni ng theret hrough to all ow | oadi ng and renovalf of an electr

part relative to the socket apparatus and |atch neans conpfiigifg E]@adUH‘l 2t
spring | atches nounted in the base adjacent the electric p ~seat the T I
| at ches each having an electric part holding portion novable in a plane
parallel to the top surface of the slide plate over the electric part seat
and the cover having a surface portion whyzh biases the spring | atches

toward the electric part seat with the electric part hol ding portion

di sposed over the electric part seat when the cover is in one of the first
and second positions and which al Juows\,tm'eceléctri c part holding portion of
the spring latches to nmove away f@om“pHe tri @part seat when the cover

is in the other of the first and cond}pasifiong. 12. Socket apparatus for
renovably nmounting an el ectric par ] ality of [ead term nals of
~a.generally ball shaped &ranged i|n S ttQ'én 18]
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conprising a base, a plurality of elongated contact ele
| ongi tudinal axis nounted in the base with the | ongitudi
generally parallel to a Z axis in a pattern extending in
12 Continued: directions perpendicular to the Z axis and ot her
correspondi ng to the selected pattern, each contact el efrent having a

fl exi ble contact arm novabl e between first and second positions, a slide
pl ate having top and bottom generally pBARAr surfaces nounted on the base

to slide in an

[rrEPEASFMENT SHEET |
B Geﬁ_amﬁg. |




X direction, the slide plate having a plurality of apertur.é é£ EQMEQT .
through the slide plate between the top-and bottom surface E{ato 3£a qﬁﬂf '
a pattern corresponding to the selected pattern, the conta each - . ;
contact nenber received in a respective aperture interconn Ped'ml """"" =
slide plate to nove therewith in the X direction, the socket having an
electric part receiving seat with the lead termnals of an electric part
received in respective apertures adjacggy2a contact armwhen the electric

part is received in the seat and neans to nove the slide plate between an

open contact arnms position when the electric part can be inserted into and

renoved fromthe seat and a closgg conté&&aar£§ position when the term nal
| eads of the _ ~
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el ectric part are engaged by respective contact arns. Socket
apparatus for renovably nmounting an electric part havin Aqg?g 3

| ead termnals of a-generally ball shaped arranged in aj séTe FQﬂL
conprising a base, a plurality of holes forned in the b sayag[gnggqunma"
pattern corresponding to the selected pattern, a pIuralltAF &
contact elenents each having a longitudinal axis nounted in a respective
hole in the base, a stop nmenber having_top_and bot t om surfaces mounted on
t he base novabl e between a | ocking pos?P/gﬁ and an unl ocking position, the
stop nmenber having-a plurality of apertures extending through the stop
menber between the top and bottom surfaces aligned with the contact

el ements each having an eIongated’bln port‘bﬂ
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- received through a respective stop nenber aperture, a pr ofned_— |,
on each contact elenent and a stop nenber protuberance f ﬁgﬁgﬁgg'
menber in each stop nmenber aperture, each stop nenber pr uber adde ng|;
with a respective contact el enent protuberance preventing| Opigdrd--verticat -
movenent of the respective contact el ement when the stop 15 1N tne

| ocki ng position and each stop nenber_ng%Hbqrance bei ng out of engagenent
with the respective contact el enment pro eérance when the stop nenber is in
t he unl ocki ng position. o
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