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TITLE OF THE INVENTION
CONNECTOR SET
BACKGROUND OF THE INVENTION

Thelpresent invention relates to a high density
electric connector, called as a BGA connector,
connected to a board through solder balls arranged in
a grid array.

With a recent tendency of an electronic
apparatus, such as a computer, toward a high density
and miniaturization, a surface-mounting type high
density connéctor called as a BGA connector has been

developed in which a connection to a board is formed

- with solder balls such that the solder balls are

arranged as a grid array on a houSLng The BGA
connector is positioned on contact pads arranged on
a board surface. Then a resultant unit is heated to

allow at least a portion of each terminal which is

-formed with the solder ball to be partially melted. .-

By doing so, the solder ball is fused to the associated
contact pad on the board. A distance between the
adjoining solder ball terminals is very close and it
is possible to provide a large number of connection
portions'on the board at a restricted area.

In the case of a very compact, high-density
connector for an IC package such as a CPU, it is very
difficult to align each terminal relative to a large

number of small electrodes arranged in a grid array.
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Thus a cumbersome operation is involved. Further, it
is also difficult to.align.each terminal with
respective terminals of a separately formed mating
connector.
BRIEF SUMMARY OF THE INVENTION
It is accordingly the object of the present

invention to provide very simple, inexpensive
electrical connectors which can highly accurately align
respective terminals of a pair of male and female
connectbrs. |

| In one aspect of the present invention, there is
provided an electric connector set comprising: a pair
of insulating housings having a plurality of openings
arranged in an equal array and opened at a top surface,
a plurality of projections extending from a bottom wail
into the openings, and a plurality of slots extending

through the bottom wall at those positions adjacent to

‘thez respective proﬁections and allowing the bottom -

surface to communicate with the respective opening;
female metal terminals detachably attached to

the respective projections and each having a pair of
arm sections and a base section connecting these arm
sections to eacﬁ othér with a solder ball attached
thereto, these female terminals being soldered by
solder ball to one of an IC package and printed circuit
board; male terminals having a contact section includ-

ing a plated conductive layer formed on a peripheral
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portion of such projéction of the other housing and
engageable with the female terminal and a lead section
including a plated conductive layer formed at those
poitions of the projection corresponding to the slot
and housing bottom surfaée and electrically connected
to the contact section; and the solder balls connected
to the plated conductive layers of the housing bottom
surface and soldered £o the other of the IC package and
printed circuit board.

According to the electric connector set, the
female terminals are soldered to one of the IC package
and printed circuit board in a manner to be attached
to the projections of one of the paired housing. When
the housing is detached, thé-female.te;minals are
exposed in a state to be protected from said one of the
IC package and printed circuit board. Since, on the

other hand, the male terminals are projected in the

‘associated openings equal in array to the openings of

the housing with the female terminals attached thereto,
the male terminals and female terminals are positively
located in their mutually aligned positions.

In another aspect of the present invention, there
is provided a male connector comprising: an insulating
housing'having'a plurality of openings arranged in an
equal array to an array of terminals of an associated

female connector and opened at a top surface, a

!
plurality of projectioﬂs extending from a bottom wall

-
¥



into the corresponding opening, and a plurélity of
slots extending through the bottom wall at those
positions adjacent to the projection and ailowing the
bottom surface to communicate with the opening; male
terminals including a contact section having a plated
conductive layer formed on a peripheral portion of the
projection of the housing and engageable with the
female terminal and a lead section including a plated
'conductive section formed at those portions of the
projection corresponding to the slot and housing Bottom
_surface and electrically connected to the contact
section; and solder balls connected to the plated
- conductive layer on the housing bottom surface and
soldered to the o;her of an IC package and printed
circuit board. It is preferable that the contact
section of the male terminal further have a plated
contact layer on the conduc;ive layer directly plated
- to the housing, the conductive layer containing goid;
In another aspect of the present invention, there
is provided a female connector forming set comprising:
an insulating.housing having a plurality of openings
arranged in an equal array to terminals of a male
connector and a plurality of projections extending form
a bottom wall into the openings; female metal terminals
detachably mounted on the projections and each having
a pair of arm sections gnd a base section connecting

}
these arm sections to each others; and solder balls

.
“é
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attached to the base section of the respective female
terminal and projected from a top surface of the
housing, wherein, through these solder balls, respec-
tive female terminals are solderable to one of an IC
package and printed circuit board.

Since the female.connector forming set haslits

female terminals detachably attached to the projections

| of the hoﬁsing, it is soldered by the solder balls to

the IC package or printed circuit board. When, there-
after, the housing is detéched, the female connector is
forﬁed integral with the IC package. or the printed
circuit board.

A method for manufacturing an electric connector,
comprisigg the steps of: forming, at a pair of
insulating housings, a plurality of openings arranged
in an equal array and opened at a top surface, a

plurality of projections extending from a bottom wall

- inta the openings and a plurality of slots extending-

through a bottom wall at those positions adjacent to
the respective projections and allowing the bottom
surface to communicate with the respective openiné;
detachably attaching, to the respective projections
of one of these housings, female metal'terminals each
having a pair of arm sections and a base section
connecting together these arm sections with a solder

ball attached on the base section; forming a continuous

plated conductive layer.on a peripheral portion of each
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projection of the other housing and on these portions
of the projection corresponding to the slot and housing
bottom surface and, by doing so, forming male
terminals; connecting the solder ball to a plated
conductive layer of the male terminal which is formed
aﬁ the housing bottom surface; soldering the paired
housings by the solder balls to an IC packége and
printed circuit, respectively, using a reflow soldering
method; and detaghing the one housing with the
respéctive female terminals attached thereto from one
of fhé IC package and pfinted circuit board and, by

doing so, connecting together the IC package and

- printed circuit board.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a perspective view diagrammatically
showing an insulating housing for forming an electric

connector set according to a preferred embodiment of

- the:present invention;

FIG. 2 is an explanatory view, partly enlarged,
showing part of the insulating housing in FIG. 1;

FIG. 3 is an explanatory view diagrammatically
showing the insuiating housing of FIG. 1 with female
terminals and solder balls attached thereto;

FIG. 4 is a ?erspecfive view diagrammatically
showing an IC package with the female terminals
attached thereto;

FIG. 5 shows a male connector according to a
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preferred embodiment of the present invention, (A) in
FIG. 5 generally showing a perspective view and (B) in
FIG. 5 being a cross-sectional view, partly enlarged,
showing the malé terminal;

FIG. 6 is a perspective view diagrammatically
showing a state of the male connector as viewed from
a solder ball side;

FIG.'7 shows an IC package with the female

terminals attached thereto, (A) in FIG. 7 being a side

- view diagrammatically 'showing an IC package .immediately

~ before being connected to the male connector after the

insulating housing has been detached and (B) in FIG. 7

" being a cross-sectional view showing the detached

insulating housing; and
FIG. 8 is a cross-sectional view showing a male
connector attached to a printed circuit boara.
DETAILED DESCRIPTION OF THE INVENTION
= FIG. 1 schematically shows a.whole of an
insulating housing 10 according to an embodiment of the
present invention and FIG. 2 shows a partially enlarged
view. |
The insulating housing 10 is formed of a
suitable insulating material such as a liquid crystal
polymer and a large numbér of openings 14 are opened in’
a predetermined pattern array in a top surface of |
the insulative housingt Projections 18, each, extend

from a bottom wall 16 into the opening 14. A tapered



10

15

20

25

%

end of the projection 18 is situated substantially
flush with the top surface 12 of the insulating
housing 10. Slots 20 are formed in positions adjacént
both sides of the respective projection 18 and extend
through the bottom wall 16. Through the slots 20 the
opening 14 communicateé with albottom surface 22 of the
insulative housing 10.

In the case where a female connector is to
be formed, as shown in FIG. 3, preformed female
terminals 24 each are detachably mounted on the
pr&jection 18 in the respective opening.14. The

female terminal 24 in the present embodiment is formed

- like a clip and has a pair of plate-like spring arm

sections 26 and a flat-plate-like base section 28

. connecting these arm sections 26. The paired arms 26

pinch the projection 18 in a state contacting with the

projection 18. Further, the base section 28 is

-situated substantially parallel with the top surface 12

of the housing 10 and a solder ball 30 is attaéhed on
the base section 28 by a reflow solder;ng technique for
example.

.The respective female terminal 24 is formed of a
suitable terminal material such as phosphor bronze or
beryllium copper. A tin-lead plated 1éyer is formed at
the female terminal’s aréa on which the solder ball 30
is attached. It is prgferable that a nickel

underlaying gold-plated layer be formed at that portion
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of the female terminal with which the projection 18
is contacted. 1In the present embodiment, the female
terminal 24 is comprised of a very simple structure

having one pair of arms 26 and base section 28 and can

‘be simply formed by one stamping operation.

The insulative housing 10 having each female
terminal 24 attached on the projection- 18 with
tﬁe solder ball 30 provides a female connector for
providing a female connector on an IC package such as a
CPU or a printed circuit board. 1In the case where an
eleétric connector of the CPU for example is to be

formed, each female terminal 24 is soldered to the IC

- package, by a reflow soldering method for insténce,

a

with the terminals 24 being arranged on the insulating

*§

housing 10. In this case, in accordance with the array
of the female terminals, the openings 14 of the

insulating housing 14 have their spacing, their size,

etcy¢, formed to match an array of electrodes exposed on

the surface of the IC package. The respective female
terminals have their solder balls 30 soldered to the
associated electrodes of the IC package by the reflow
soldering for instance and a resultant structure is
formed as an IC package with the female connector
integral therewith.

| FIG. 4 shows a state in which the female
terminals 24 are mounted on an IC package P. 1In FIG. 4,

the female terminals 24 are shown detached from the
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insulating hbusing 10.: It is evident that, in order to
protect the female terminals and IC package P, the
insulating housing 10 is preferably retained in-an
mounted state until immediately before the female
terminals are connected to an associated male connector.
FIGS. 5 and 6 show another insulative housing 10a

formed such that it has the same structure as that of

' the above-mentioned housing 10. 1In this housing, the

same reference numerals are employed to designéte parts
or elements corresponding to those shown in the
houéing 10 and any further explanatioh is emitted for
brevity.

The insulating housing 10a constitutes a male
connector. Respective projections 18 are formed as
male terminals. For this reason, as shown in (B) in
FIG. 5, a conductive layer 36 is directly plated to a

plastic base, such as a liquid crystal polymer, and

formed on.an outer peripery of each projection 18, on

an inner peripheral portion of the slot 20 adjacent

the projection 18 and on a portion of the projection 18
corresponding to a botﬁom surface 22 of the housing, so-
that the conductive layer is electrically connected to
the bottom surface 22 side. Further, a gickel
ﬁhderlaying gold-plated layer is formed on the
projection 18 side contacting with the above-mentioned
female terminal 24. A tin-lead plated layer 39 is

formed at a portion of the bottom surface 22 on a side
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opposite to that of the projection 18. A solder

ball 40 constituting a contact section is attached on
the tin-lead plated layer 39 by the reflow soldering
technique for instance. By doing so, the solder

ball 40 is electricaliy connected by the tiﬁ-lead
plated layer 39 to the. inside plafed conductive

layer 36 and by the cénductive layer 36 to the plated
contact layer 38 on the projection 18 side, the
conducti#e layer 36 constituting a lead section.

FIG. 6 shows a'grid array of solder balls 40 attached
on fhe bottom surface 22 side of the housing ;Oa.

The thus formed insulating housing 10a constitutes

- a male connector where each male terminal 34 is

arranged in an associated opening 14 and the solder
balls 40 are projected from the bottom surface of the
housing 10a. The male connector can be soldered by its

solder balls 40 to the conductive pads of the printed

cireuit board, etc., with the use of, for example, the

reflow soldering technique.
FIGS. 7 and 8 show the IC package P with

female terminals 24 mounted thereon and a printed

circuit board B having the male connector with the

insulating housing 10a. This IC package P is shipped
such that, at a manufacture of the IC Package P, female
terminals 24 and insulating housing 10 are mounted

thereon. When the IC package P is mounted on the

printed circuit board ﬁ, the insulating housing 10 is

*
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removéd from the IC package P. FIG. 7(A) shows the IC
package P with the insulating housing 10 detached, and
FIG. 7(B) shows the insulating hoﬁsing 10 detached from
the IC package P. Since the'insulating housing 10 is
the same in structure as the insulating house 10a for
forming the male connector on the printed circuit

board B; the respective female terminals 24 attached on
tﬁe projection 18 are aligned with the associated male
terminals 34 formed on the projections 18, so that the
male terminals 24 and female.terminals 34 can be set
in'a positively engaged state without being misaligned
from each other. Further, the respecti#e female
terminals 24 are transpbrted in such a state as to be
protected with the insulating housing 10. As a result,
these fémale terminals 24 and.IC package are not
damaged during transportation.

Further, the insulative housing 10 and insulative

-housing 10a are the same in structure and it is not -

necessary to manufacture two types of housings in a
separate fashion. It is, therefore, possible to manu-
facture both electric connectors, male and female, with
the use of-a single mold.

As_evident from the above, according to the
present invention, an electric connector set comprised
of the male and female connectors can be manufactured
at low costs by the use of a pair of insulating

housings having the saﬁe size and structure. Through
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the male connector and female connector, it is
possible to readily and positively connect together

an IC package énd-printed circuit board having a large
numbeg of electrodes in a high density array.

- The male connector is such that the respective

.male terminal has a plated conductive layer formed on

the circumference of the projection. Therefore, it is
not necessary to attach any separate metal terminals,
so that the male connector can be manufactured at low
costs.

Since the female éonnector is suéh that the

female terminals are attached by the solder balls

- to the IC package or printed circuit board, it can be

formed as a very compact unit. And the female termi-
nals are attached to, and held in.place in, the

insulating housing the same as the insulating housing

for the male terminals, so that it is possible to

positively prevent any misalignment of the male

terminals with the female terminals.



10

15

20

25

DR 0 A O

CLATIMS

1. An electric connector set comprising:

a pair of insulating housings having a plurality
of openings arranged in an equal array and opened at a’
top surface, a plurality of projections extending from
a bottom wall into the openings, and a plurality of
slots extending through the bottom wall at those
positions adjacent to the respective p?ojections and
allowing the bottom surface to éommunicate with the
respective opening;

| female metal terminals detachably attached to

the respective projections and each having a pair of

- arm sections and a base section connecting these arm

sections to each other with a soldér ball attached
thereto, these female terminals beiné soldered by
solder balls to 6he of an IC package and printed.
circuit board;

: male terminals having a contact section including
a plated conductive layer formed on a beripheral
portion of each projection of the other housing and
engageable with the female terminal and a lead section -
including a plated condﬁctive layer formed at those
portions of the projection corresponding'to the slot
and housing bottom surface and electrically'connected
to the contact section; and

the solder balls connected to the plated

conductive layers of the housing bottom surface and
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soldered to the othér of the IC package and printed
circuit board.

2. A male connector comprising:

an insulating housing having a plurality of
openings arranged in an equal array to an array of
terminals of an associated female connector and opened
at a top surface, a plurality of projections extending
from a bottom wall into the corresponding opening, and
a plurality of siots extending through the bottom wall
at thosé-positions adjacent to the projection and
allowing the bottom surface to communicate with the
opening;

male terminals including a contact section having
a plaﬁed conductive layer formed on a periphe:al
portion of the'projeqtion of the housing and engageable
with the female terminal and a lead section including

a plated conductive section formed at those portions of

- the .projection corresponding to the slot and housing.

!

bottom surface and electrically connected to the
contact section; and |

solder balls connected to the plated conductive
layer on the housing bottom surface and soldered to the
other of an IC package and printed ciréuit board.

3. A male connector according to claim 2, wherein
the contact section of the male terminal further has a

plated contact layer on the conductive layer directly

plated to the housing, the contact layer containing

.
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gold.

4. A female connector forming set comprising:

an insulating housing having a plurality of
openings arranged in an equal array to terminals of a
male connector and a'plurality of projections extending
from a bottom wall into the openings;

female metal terminals detachably mounted on the

-projectiohs and each having a pair of arm sections and

a base section connecting these arm sections to each
other; and
solder balls attached to the base section of the

respective female terminal and projected from a top

- surface of the housing, wherein,

through these solder balls, respective female
terminals are solderable to oﬁe of an IC package and
printed circuit board.

5. A method for manufacturing an electric

connector, comprising the steps of:

forming, at a pair of insulating housings, a
plurality of opeﬁings arranged in an equal array
and opened at a top surface, a plurality of projections-
extending from a bottom wall into the openings and a
ﬁlurality of slots e#tending through a bottom wall at
those positions édjacent to the respeétive projections
and allowing the bottom surface to communicate with the
respective opening;

detachably attaching, to the respective
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projections of one of these housings, female metal
terminals each having a pair of arm sections and a base
section connecting together these arm sections with a
solder ball attached on the base section;

forming a continuous plated conductive layer on
a peripheral portion of each projection of the other
housing and on these'portions of the projection
cor:esponding to the slot and housing bottom surface
and, by doing so, forming male terminals;

connecting the solder ball to a plated conductive

layer of the male terminal which is formed at the

housing bottom surface;

soldering the paired housings. by the solder bails
to an IC package and printed circuit, respectively,
using a reflow soldering method; and

detaching said one housing with the respective

female terminals attached thereto from one of the IC

-~ 'package and printed circuit board and, by doing so, -

conhecting together the IC package and printed circuit

board.



