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CONTACTING STﬁ)CTURE WITH RESPECT TR PHERICAL BUMP:?

BACKGROUND OF THE INVENTION

This invention relates to a contacting structure with
resp'ect to a spherical bump represented by a BGA type package.

As shown in Eigs. 1(a), 1(B) and 1(C), the BGA type IC
package has a plurality of spherical bumps 2 disposed on a lower

surface of an IC package body 1. This spherical bump 2 exhibits

either a semi-spherical shape as shown in Fig. 1(A) or a

spherical shape as shown in Fig. 1(B) .. Any of the spherical
bumps are made of a metal having a low melting point such as a
soldering material or the like. According to a method often
employed, the sphericel bumps are loaded directly on a wiring
board and a lower dead point portion of each spherical bump is
welded to a wiring pattern.

Since the BGA type IC package is mounted by welding the
lower dead po:l.nt' portion of the spherical bump to a wiring
pattern or the like as previously described, it is required for
a socket fo_r the use of aging test that the lower dead point
portion of the spherical bump is not subjected to damage.

" To fulfill this requirement, Japanese Laid-Open Patent
Application Hei 6-203926 proposes a contacting structure in
which contact pins, which are disposed on a socket body, are
each provided at distal end thereof with a distal end portion

of its resilient support element such that the contacting
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portion is placed opposite a lower spherical surface of the
spheriéal bump, and the contacting portion is provided ﬁith an
escape portion in non-contact relation with the lower dead
point portion of the spherical bump. Further, the contact pin
includes a contacting end which is to be contacted with an
external area of the lower dead point of the spherical bump
around the escape portion. |

In the .above-conventional device, since the contact pin can
provide an electrical contact either _at a plurality of. points
or in an annular fashion at the external area of the lower dead
poinf portion of the spherical bun_lp éround the esdape portion
while effectively preventing an occurrence of damage to the
lov}zer dead point portion by the escape portion on the distal end
of the resilient support element providing a non-contacting |
state with the lower dead point portion of the spherical bump,
the problem of damaging the lower dead point portion of the
spherical bump can be solved effectively.

However, the conventional device has such shortcomings that
since the spherical bump is softened because' the aging test is
usually carried out at a comparatively high temperature or
because the aging test is sometimes carried out for a long time,
the contacting end of the contact pin, which contacts the
spherical bump under pressure, tends to overly pierce into the
bump, thereby to 1eéve a grave piecing trace in the bump. As a

consequence, merchandise value .’%__s, badly jeopardized.

LN



3

The preseﬁt invention has been accomplished in view of the
above problems. It is, therefore, an object of the present
invention to provide a contacting structure ﬁith respect to a
spherical bump, in which an occurrence of damage to a spherical
bump can be minimized while ensuring a reliable electrical |
contact betv}een an IC package and a contact pin of a socket. )

To achieve the above object, frdm one aspect of the present
invention, 'there is essentially provided a contacting structure
with respect to a spherical bump in which the spherical bump is
to be contacted with a contact _pin, the contaqt pin includes a
contacting portion supported by a .fesilient support elément,
and the contacting portion is arranged in opposite relation to
that part of a spherical surface of the spherical bump
excluding a lower dead point portion, wherein the contacting
portion has a projection capable of biting the sph;arical
surface of the spherical butnp, and- also has a pressure _
receiving surface for setting a biting amount of the
- projection. |

From. another: aspéct- ofthe: present-invention,: there is also
provided contacting 'structuré-‘with ‘respect-to a spherical bump: o
in which the spherical bump is to be contacted with a contact
pin, the contact pin includes a plurality of contacting
portions supported by a résilient support element, and the
contacting pdrtions are arranged in opposite 'relation to that

part of a spherical surface of the spherical bump excluding a
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‘lower dead point portion, wherein the contacting portions each
has a projection capable of biting the spherical surface of the
spherical bump, and- also hés a pi‘essure r'ecei'ving surface for
setting a biting amount of the projection.

The above and other obj ects and attendant advantages of the
present-:l.nvention will be apparent to those skiiled in the art
from a reading of the following descrip'_tion and claims in |
conjunctiofx with the accompanying drawings which constitute

part of this specification.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1(A) is a side view of a BGA type IC package, Fig. 1(B)
is a side view of another BGA type IC package, and Fig. 1(C) is
a bottom view of those two packages;

Fig. 2(A) is a perspective view showing one example of a
contact employed in the present invention, and Fig. 2(B) is an
enlarged view of a céntacting ‘portion of the contact pin;

Fig. 3 is a side view of the contact pin;

Fig. 4 is a éectio_nal view,_ on an enlarged scéle, showing
the dontact .pin implanted in-.a.socket body.and being in contact .
with a spherical bump;

| Fig. 5 is a transverse sectional view, on an enlarged
éca-le, showing an égrly-étage contacted-state between a
projection and the spherical bump;

Fig. 6 'is a transverse sectional view, on an enlarged
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- scale, showing a final stage contacted-state or midway
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contacted-state between the projection and the spherical bump;

Fig. 7 is a transverse sectional view, on an enlarged
‘'scale, showing a final stage contacted-state between the
- projection and the spherical bump;

Fig. 8 is a transverse sectional view exemplifying a
contactiﬁg position o_f the projection with respect to the
spherical l;ump; |

Fig. 9 is a transverse sectional view exemplifying another
contacting position of the projec{:ioﬁ with respect to the
spherical bump;

Fig. 10 is a transverse sectionél view showing a ﬁlodified
embodiment of the projection; and

Fig. 11 is a transverse sectional view showing another

modified embodiment of the projection.

DETAILED DESCRIPTION OF THE EMBODIMENT

As shown in Figs. 2, 3 and 3, a contact pin 3 has a
vertically extend:l;ng_ resilient support element 4 and a.
contacting. portion 5 defined on:a-distal.-end.thereof.. : -

In the illustrated emb‘odiinent, a pair of linear plates 4a,
4b are juxtaposed in such that surfaces of the linear plates 4a,
4b are cloéely faced wij:h each other, thereby defining the
resilient support element 4. The contacting portion 5 is

formed on the distal end of each linear plate 4a, 4b. Lower
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ends of the linear plates 4a, 4b are connected at side surfaces
thereof. A male terninal 7 extends downwardly from a lower end
of this connected portion 6. A press-fit claw 8 is formed on a
basal portion of the male terminal 7. The contact pin 3 is
implanted ini:q a socket body 9 through the press-fit claw 8 such
that the 'male terminal 7 ié allowed to extend downwardly of a
lower surface of the socket body 9. The linear plates 4a, 4b
(i.e., resilient support element 4) are received in a receivihg
hole 10 formed in the socket body 9, such that the contacting
portion 5 defined on the distal ends of the 1ineai plates 4a, 4b
are allowed to project upwardly of an upper surface of the
socket body 9 through an upper open face of the receiving hole
10.

The contact pin is integrally formed by blanking énd
bending a plate material.

The contacting portion 5 includes pressure receiving plétes
5a, 5b which are formed respectively on dis_tal ends of the
linear plates 4a, 4b by blanking and bending. . The pressure
receiiring plates 5a, 5b-are inclined at a certain eievation
angle @ so-that:the pressuré" r’ede":i:'iring"plates-5a-;-.-5b-are.' :
sianting outwai:dly away from each othezj towérd upwardly. As
shown in Fig. 4, the pressure receiving plates 5a, 5b are'
arranged so as to be faced with that part of the spherical
surface excluding a lowe;'. dead point portion of the spherical

bump 2. For example, a plurality of such spherical bumps 2 are
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arranged on a lower surface of a BGA type IC package body 1.

As one example, the pressure receiving plates 5a, 5b (i.e. ’
contacting portion 5) are arranged in symmetrical relation, and
the respective pfessure receiving plates 5a, 5b are faced with
each other at pqsitions opposite by 180 degrees to a lower semi-
spherical surface of the spherical bump 2.

A mating surface of the pressure receiving plate 5a with
respect to "l:he spheriéal bump 2 is defined by a pressure
receiving surface 5c, ‘while a mét‘ing surface of the pressure
receiving plate 5b with reépect to the spherical bump 2 is
defi'ned by a pressure receiving surface 5d. Projections 5e, 5f
are formed on the pressure receiving surfaces 5¢, 54,
respectively.

For example, the projections 5e, 5f may be ridges 5e', 5f'
extending in a direction of a .longitude line passing generally
through the lower dead point of the spherical bump 2. The
ridges 5e', 5f' are arranged in such a manner as to extend along
a vertical center line of the pressure receiving plates 5a, 5b
and the linear plates 4a; -4b. - Thei'efore-,--the- left.and right
pressure receiving-surfaces 5c; 5d are ‘arranged-on both sides
of the ridges 5e', 5f£' (both sides of the spherical bump in a
direction of its longitude line).

In Figs. 2 to 4, the ridges 5e', 5f' ‘are of an arcuate shape
in a transverse sectional view as shown in Fig. 5.

In Fig. 10, the ridges 5c', 5f' are of a triangular shape
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having a sharp ridge line in a transverse sectional view.

In Fig. 11, the ridges 5e’, 5f' are of a square shape having
a flat top face such as a trapezoidal shape.

The ridges 5e', 5f' of any one of the above-mentioned
shapes are formed by an embossing press. In the alternative,
the pressure r'éceiving' plates 5a, 5b of the pressure recéivi'ng
plate 5 lare subjected to hammering over their entire surfaces
to form the ridges Se', 5f° ,. or the ridges 5e', 5f' are formed
by cutting. |

In the illustrated embodiments, the ridges 5e', 5f' formed
in such a manner as to extend in the direction of the longitude
line passing generally through the lower dead point of the
spherical bump 2. In the alternative, the ridges 5e', 5f' may
be formed in such a manner as to extend in é direction
transverse the longitude line of the spherical bump 2 (for
example, in a direction of a latitude line).

An arrangement of the projections 5e, 5f are not limited to
those in which the projections extend in the vertical

direction,. transverse-direction+-and-slant:direction. .- Another --

arrangement-is-possiblesin which: a*small¥‘projection-having a: - .~ -

semi-sphericél shape or the like is formed and pressure
receiving surfacés 5¢c, 5d are formed on a basal portion of this
small projection. |

In the case where the projections 5e, 5f are the ridges 5e’',

5f', the ridges are linearly formed, for example, and allowed
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to slantwise extend at the elevation angle @, so that the
ridges are caused to bite the surface of the spherical bump at
the midway of the extension line of the ridges. At that time,
opposite ends of the ridges 5e', 5f' extend in a tangential
direction with respect to and away from the spherical surface.
An arrangement is also acceptable in which the pressure
receiving plates 5a, Sb and the ridges 5e', 5f' are curved to
from a comiéxly curved surface on their facing side.

In the case where the projections_ 5e, 5f are semi-spherical
small projections, they ai:'e arranged at a contacting point with
respect to the spherical surface of the spherical bump, so that
the entire small projections can bite the bump;

In any case, the biting amount of the prdjections S5e, 5f is
set by thé pressure receiving surfaces 5c¢, 54.

More specifically, as shown in Fig. 4, the spherical bump
2 is received in a space between the pressure receiving plates
5a, 5b. Upon depression of the IC package body 1, the spherical
bump 2 is pushed into the space between the pressure receiving

plates 5a,.5b. as.shown. in-Figs.--4,- 5, 6-and.7...As a consequence,

the spherical:-bump=2- cai-xses‘**f"flzlief"vpre'ss‘u‘reﬁreceiving=--pJ:ates=--5a-,.~,-....-‘; e e

5b to move away from each other while outwardly shifting thé
resilieni: support element 4 (lineér plates 4a, 4b) against
resiliency thereof. The projections 5e, 5f are caused to bit
the spherical surface of the spherical bump 2 by a restoring

resilient force of the resilient support element 4. With the
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progress of the biting of the projections 5e, 5f with respect
to the spherical bump 2, the presshre receiving surfaces 5c, 5d
of the pressure receiving plates 5a, 5b are brought into
_ abutment with the spherical surface of the spherical bump 2,
thereby restraining further progress of the biting of the
projections 5e, 5f with respect to the spherical bump 2.

| Depending 6n the degree of softening of the spherical bump
2 or depending on the foregoing plus magnitude of the resilient
force of the resilient support element -4, the pressure
réceiving surfaces 5c, Sd are, as shown in Fig. 6, brought to be
stationary either at position where the pressure receiving
surfaces 5c, 54 reach the spherical surface or at position
where the pressure receiving surfaces 5c, 5d do not reach the
spherical surface, or the pressure receiving surfaces 5c, 54
are slightly compressed after fhey reach the spherical surface
as shown in F:Lg; 6.

In any one of Figs. 6 and 7, wing portions 5h of the

pressure receiving plates 5a, 5b (pressure receiving surfaces

5c, Sd ). disposed. on.opposite..sides-of-the.projections.5e,.5f are .- .

expanded.in-the:tangential+direction‘with-respect-to-and spaced- - -

away from the spherical surface.

In Figs. 2 to 4, the pressure receiving plates 5a, 5b and
the ridges 5e', 5f' are arranged in positions opposite by 180
degrees to each other so that electrical contact can be made at

two points P1 and P2 which divide the circumference of the
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s;gherical surface into two equal parts as shown in Fig. 8. In
the alternative, they may be arranged such that electrical
contact can be made in a'well-baianced manner at three points
Pl, P2 and P3 which divide the circumference of the séhe.rical
surface into three equal parts as shown in Fig. 9.

Also, as indicated by broken lines in'Fig. 8, four
| projecfions 5e, 5f may be brought into contact with the
spherical s'urface at bositions Pl to P4 which divide the
spherical surface into four equal parts.

At present, in. order to be good for applying to the BGA type
IC package, the height of each projection is about 0.05 mm, the
width (width of a basal portion in the short direction in case
of the ridge, and diameter of a basal portion in case of the
small projeétion having a semi-spherical shape or the like) is
about 0.05 mm, and a. short width of the pressure receiving
surface 5c, 5d is about 0.7 mm. The projections, etc. of the
present invention are small enough to meet the above-mentioned
conditions.

As mentioned.above,. the.projections-are.caused. to.bite.an.

outer layer-portion-of-the-spherical-bump by resilient force of - - = .-

the resilient element, and this biting amount can be adequately
set by the pressure receiving surféce. The proj ection. is
caused to appropriately bite the outer layer portion of the
spherical bump due to coaction between the projection and the

pressure receiving surface, and thérefore, a reliable
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electrical contact can be obtained. In addition, a biting
amount of the projection with respegt to the bump surface and
a trace of damage caused by the biting can be miﬁimized. Thus,
‘a favorable merchandise quality can be maintained and a
satisfactory surface mounting ability can also be maintained.

A projecting amount of thé preSsx_née receiving surface and
Proj eci:ion cah be opt_ional_ly set and therefore, a suitable
biting amouht .can be easily set in accordance with the
specifications of the spherical bump.

It is to be understood that the form of the invention
herewith shown and described is to be taken as the preferred
embodiment of the same, and that various changes in the shape,
size and arrangement of parts may be resorted to without
departing from the spirit of the invention or the scope of the

subjoined claims.
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WHAT IS CLAIMED IS:
1. A contacting structure with respect to a spherical bump
in which the spherical bump is to be contacted with a contact
pin, said contact pin includes a contdctihg portion supported
hy a resilient support element, and said contacting portion is
arranged in opposite relation to that part of a spherical
surface of said spherical bump excluding a lower dead point
portion, wﬁerein said contacting portion has a projection .
capable of biting the spherical surfa_ce of said spherical bump,
and also has a pressure receiving surface for setting a Siting

amount of said projection. : .

2. A contacting structure with respedt to a spherical bump
according to claim 1, wherein said projection is a ridge
extending in a direction of a longitude line passing generally
through the lower dead point of said spherical bump, said ridge
biting the spherical surface of said sphérical bump in the

midway of an exténsion: of said ridge.

3. . :A.contacting. structure.with:respect.to.a . spherical bump.. -
in which the spherical bump is té be contacted with a contact
pin, said contact pin iﬁcludes a _pluralitg of contacting
portions' supported by a resilient support element, and said
_contactiné portions are arrénged in opposite relation to that

part of a spherical surface of said spherical bump excluding a
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lower dead point portion, wherein said dontacting portioné each
has a projection capable of biting the spherical surface of
said spherical bump_, and also has a pressure receiving surface

for setting a biting amount of said projection.

4, " A contacting structure with respect to a spherical bump
according to claim 3, wherein said projections are arranged
such that said projections bit the spherical surface of said

spherical bump at generally equal spaces.



