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ABSTRACT OF THE DISCLOSURE

A first substrate has a plurality of bumps and a second
substrate has a plurality of openings at positions in registration
5 .with the plurality of bumps when the first and second substrates
are placed one on top of the other in a confronting manner. The
first and second substrates are put together by fusing a sealing
wall formed on the second substrate, to hermetically seal an
electronic device lying on the first substrate therein. Gas that
10 may be generated upon fusing of the sealing wall can be effectively

removed through the openings in the second substrate.
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ELECTRONIC COMPONENT TO BE MOUNTED ON A CIRCUIT BOARD HAVING

ELECTRONIC CIRCUIT DEVICE SEALED THEREIN AND METHOD OF

MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an electronic
component having an electronic circuilt device sealed therein and
a method of manufacturing the same, and, more particularly, to an
electronic component to be mounted on a circuit board and having
a surface acoustic wave device or a semiconductor i1integrated circuit

device sealed therein, as well as to a method of manufacturing the

Sadne.

2. Description of the Related Arts

Electronic appliances use a multiplicity of electronic
components in each of which 1s hermetically sealed an electronic
circuit device such as a semiconductor inteqgrated circuit device
or a surface acoustic wave (hereinafter, referred to as SAW) device.
Such amultiplicity of electronic components are mounted on a single
circult board. Recent electronic appliances have a tendency toward
miniaturization and low prices. This necessitates miniaturized
and low-priced electronic components for use therein. Prevailing
electronic components often employ a typical structure in which
the electronic circuit device is sealed 1n a ceramic or metal package.

However, in order to achieve further miniaturization and low prices

\
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there have been proposed electronic components making use of

substrates themselves formed with electronic cilircult devices for

sealing of the electronic circuit devices.

Referring to FIGs. 12A and 12B, an electronic component 1is
shown having a structure that is disclosed in “Optimizing ‘AQP SAW
Resonators for Reduced Vibration Sensitivity” published in IEEE
Ultrasonic Symposium, 1995. FIG. 12A is a side elevation of an
electronic component 110; and FIG. 12B is a sectional view of the
same taken along a line A-A of FIG. 12A. The electronic component
110 is an SAW resonator. The SAW resonator includes comb-shaped
electrodes 116, 118, 120 and 122 that are formed on a main surface

114 of an SAW substrate 112. A glass sealing wall 126 1is formed

on a quartz substrate 124 and is fused to the main surface 114 of
the SAW substrate 112. The sealing wall 126 1is formed so as to
enclose an SAW device formed on the SAW substrate 112. The SAW
device is hermetically sealed by the SAW substrate 112, quartz
substrate 124 and sealingwall 126. The comb-shaped electrodes 116,
118, 120 and 122 extend beyond the sealing wall 126 so that their
extremities, i.e., electrodes pads 128, 130, 132 and 134 are
connected via bonding wires not shown to a circuit board not shown.

In the step of assembling such two substrates into the electronic

component 110, the assembly is typically carried out for each

electronic component.

When faEricating the electronic component 110 depicted 1n
FIGs. 12A and 12B, the sealing wall 126 may be heated upon fusing
of the sealing wall 126 made of glass, polyimide resin or epoxy

resin onto the main surface 114 of the SAW substrate 112, with the

2
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result that gas may be generated at the sealing wall fused portion.
The thus generated gas may possibly attach to the SAW device
electrodes inside the sealing wall, resulting in degradation of

the SAW device characteristics.

SUMMARY OF THE INVENTION

The present invention was conceived in order to overcome the
above problems. It is therefore the object of the present i1nvention
to provide an electronic component having a structure capable of

effective removal of gas that may be generated upon the fusion of

sealing walls.

According to a first aspect of the present invention there
is provided an electronic component to be mounted a circuit board

comprising a first substrate having an electronic circuit device

and an electrode pad on one main surface of the first substrate
in electric connectionwith the electronic circuit device; a sealing
wall whose one face is closely adhered to the one main surface of
the first substrate, the sealing wall being configured to enclose
the electronic circuit device with the electrode pad arranged
outside of the sealing wall; a second substrate closely adhered
to the other face of the sealing wall; an opening formed in the
second substrate at a site confronting the electrode pad; and an
electrically conductive member extending through the interior of
the opening for electrical connection with the electrode pad.
In the electronic component of the present invention, the

electrically conductive member may comprise a bump disposed on the
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electrode pad.
In the electronic component of the present invention, the
electrically conductive member may comprise a first bump disposed

on the electrode pad for electrical connection with the electrode

pad; and a second bump disposed on top of the first bump for
electrical and physical connection with the circuit board.
In the electronic component of the present invention, the

electrically conductive member may comprise a first bump disposed

on the electrode pad for electrical connection with the electrode

pad; and a second bump disposed on top of the first bump for

electrical and physical connectionwith the circuit board; the first
bump being a gold bump, the second bump being a solder bump.

In the electronic component of the present invention, the
second substrate may have a second sealing wall aréund the opening
configured to enclose the electrically conductive member.

In the electronic component of the present invention, the
electrically conductive member may comprise a first electrically
conductive member disposed on an inner wall of the opening for being
electrically and physically connectable to the circuit board; and
a second electrically conductive member disposed on the electrode
pad for being electrically connected with the firs£ electricaily
conductive member and with the electrode pad.

In the electronic component of the present invention, the
electrically conductive member may comprise a first electrically
conductive member disposed on an inner wall of the opening for being
electrically and physically connectable to the circuit board; and

a second electrically conductive member disposed on the electrode

\
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pad for being electrically connected to the first electrically
conductive member and to the electrode pad. The second substrate

may be a multi-layer substrate carrying one or more circuit elements
thereon. In this case, the circuit element can be an element such
as an inductor, a capacitor or a resistor having certain electrical
characteristics and capable of being connected to other elements
to form a circuit. The multi-layer substrate can be, for example,
one having a structure in which a plurality of insulating layers

and electrically conducting layers are disposed one on top of the

other.

In the electronic component of the present invention, the
sealing wall may be made of an insulating material, the material
having an adhesion to at least one of the first substrate and the
second substrate. The sealing wall may be made of a material

selected from a group consisting of glass, polyimide resin and epoxy

resin.

In the electronic component of the present invention, the
electronic circuit device may be a surface acoustic wave device.

In the electronic component of the present invention, the
first and second substrates may be made of the same material.

According to a second aspect of the present invention thére
is provided a method of manufacturing an electronic component, the
electronic component to be mounted on a circuit board comprising
a first substrate having on its one main surface an electronic
circuit device and an electrode pad in electric connection with
the electronic circuit device; a sealing wall whose one face 1s

closely adhered to the one main surface of the first substrate,

5




10

15

20

25

CA 02310504 2000-06-01

the sealing wall being configured to enclose the electronic circuit
device with the electrode pad arranged outside of the sealing wall;
a second substrate closely adhered to the other face of the sealing
wall; an opening formed in the second substrate at a site confronting
the electrode pad; and an electrically conductive member extending
through the interior of the opening for allowing the electrode pad
and the circuit substrate to be electrically connectable to each
other: the method comprising a first step in which one face of each
of a plurality of sealing walls is closely adhered to one main

surface of the first substrate which has on the one main surface
a plurality of electronic circuit devices formed in a plurality
of circuit regions and a plurality of electrode pads in electric
connection with the plurality of electronic circuit devices, the
plurality of sealing walls each configured to enclose each of the
plurality of electronic circuit devices with each of the plurality
of electrode pads arranged outside of each of the plurality of

sealing walls, and in which the second substrate is closely adhered
to the other faces of the plurality of sealing walls, the second
substrate having a plurality of openings at sites confronting the
plurality of electrode pads; a second step in which an electrically
conductive member is formed on each of the plurality of electrode
pads, the electrically conductive member being in electric
connection with each of the plurality of electrode pads; and a third
step in which the first substrate, together with the second
substrate, is severed for each of the plurality of circuit regions,

to obtain a plurality of electronic components.

In the electronic component manufacturing method of the

\
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present invention, the first step may 1nclude a step in which the
plurality of sealing walls are closely adhered to the first

substrate after formation of the plurality of sealing walls on the
second substrate, or alternatively it may include a step in which
the plurality of sealing walls are closely adhered to the second
substrate after formation of the plurality of sealing walls on the
first substrate.

In the electronic component manufacture method of the present
invention, the second step may include a step in which the
electrically conductive member is formed on each of the plurality
of electrode pads through a corresponding one of the plurality of
openings.

In the electronic component manufacture method of the present
invention, the electrically conductive member may comprise a bump.

In the electronic component manufacture method of the present
invention, the electrically conductive member may comprise a first
bump disposed on each of the plurality of electrode pads for
electrical connection with the each of the plurality of electrode
pads; and a second bump disposed on top of the first bump for
electrical and physical connection with the circuit board. The
second step may include a step in which the first bump is formed
on each of the plurality of electrode pads through a corresponding
one of the plurality of openings, after which the second bump 1s
formed on top of the first bump.

In the electronic component manufacture method of the present
invention, the first electrically conductive member may previously

be formed on an inner wall of each of the plurality of openings,

e d—
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the first electrically conductive member being electrically

connectable to the circuit board, and the second step may include
a step in which a second electrically conductive member 1s formed
on each of the plurality of electrode pads, the second electrically
conductive member electrically connecting the firétnelectrically

conductive member and each of the plurality of electrode pads.

In the electronic component manufacture method of the pres ent

invention, the second step may be carried out posterior to the first

step.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, aspects, features and
advantages of the present invention will become more apparent
from the following detailed description when taken in conjunction

with the accompanying drawings, in which:

FIG. 1A is a top plan view of an electronic component 100 of

an embodiment of the present invention;

FIG. 1B is a sectional view of the electronic component 100

shown in FIG. 1A, taken along a line B-B of FIG. 1A;

FIG. 1C is a sectional view of the electronic component 100

<hown in FIG. 1A, taken along a line C-C of FIG. 1A;

FIG. 2 is a sectional view of the electronic component 100

being mounted on a circuilt board;

FIG. 3A is a top plan view of the substrate 10 having SAW

devices formed thereon before being assembled;

FIG. 3B is a sectional view of the substrate shown in FIG.

\
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3A, taken along a line D-D of FIG. 3A;

PTG. 3C is a sectional view of the substrate shown in FIG.

3A, taken along a line E-E of FIG. 34;

FIG. 4A is a top plan view of the substrate having sealing

walls formed thereon before being assembled;

FIG. 4B is a sectional view of the substrate of FIG. 4A taken

along a line D’'-D’ of FIG. 4A;

FIG. 4C is a sectional view of the substrate of FIG. 4A taken
along a line E'-E’ of FIG. 4A;

FIG. 5 is a schematic view of the state of a step of assembling
the substrate 10 whose the SAW device is formed in the main surface
and the substrate 22 whose the sealing walls are formed on the main

surface;

FIG. 6A is a top plan view of a substrate 10 and a substrate

22 that have been assembled together;

FIG. 6B is a sectional view of the assembled substrates 10

and 22 of FIG. 6A, taken along a line D-D of FIG. 6A;

FIG. 6C is a sectional view of the assembled substrates 10
and 22 of FIG. 6A, taken along a line E-E of FIG. 6A;

FIG. 7 is a schematic view showing the state where prior to
the bump formation, comb-shaped electrodes are exposed to the

exterior through openings, in a step of forming the bumps after

the adhesion of the sealing walls to the substrate having the SAW

devices formed thereon;

FIG. 8A is a top plan view of an electronic component having

second bumps formed on top of the existing bumps;

FIG. 8B is a sectional view of the electronic component of

A
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FIG. 8A taken along a line F-F of FIG. 8A;

FIG. 8C is a sectional view of the electronic component of
FIG. 8A taken along a line G-G of FIG. 8A;

FIG. 9 is a sectional view of an electronic component 1in
accordance with another embodiment being mounted on the circuit

board;

FIG. 10A is a top plan view of an electronic component having

second sealing walls enclosing the bumps;

FIG. 10B is a sectional view of the electronic component of
FIG. 10A taken along a line H-H of FIG. 10A;

FIG. 11 is a schematic view of an unassembled substrate whose
sealing wall and second sealingwalls are formed on the main surface;

FIG. 12A is a top plan view of the electronic component

connected to the circuit board by way of another electrically

conductive member;

FIG. 12B is a sectional view of the same taken along a line

I-I of FIG. 12A;

FIG. 13 is a sectional view of an electronic component 400

" being mounted on a circuit board 44;

FIG. 14 is a top plan view, viewed from the sealingwall forming

side, of the pre-assembled substrate 22 upon the manufacture of

the electronic component 400;

FIG. 15 is a top plan view of the substrate 22 when viewed

from the opposite side to the sealing wall forming surface of the

substrate 22;

FIG. 16 is a top plan view of the substrate 10 to which the

sealing wall of the substrate 22 1s closely adhered upon manufacture

\
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of the electronic component 400;

FIG. 17A is a top plan view of an electronic component 500

having openings formed in its side surfaces;

FIG. 17B is a sectional view of the same taken along a line

FIG. 17C is a sectional view of the same taken along a line

K-K of FIG. 17A;

FIG. 18 is a sectional view of an electronic component 500
being mounted on the circuit board 22;

FIG. 19 is a top plan view of the substrate 22 in the
pre-assembled state upon the manufacture of the electronic

component 500, when viewed from the opposite side to the sealing

wall forming surface;

FIG. 20A is a side elevational view of a conventional

electronic component; and

FIG. 20B is a sectional view of the conventional electronic

component shown in FIG. 12, taken along a line A-A of FIG. 12A.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the present invention will now be
described with reference to the accompanying drawings in which the
same reference numerals designate identical or corresponding parts
throughout several views.

In the embodiment, an exemplary case is shown where an
electronic circuit device hermetically sealed in an electronic

component is an SAW device. However, the electronic component of

\
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the embodiment would be applicable to any electronic components
in which a variety of electronic circuit devices such as

semiconductor integrated circuit devices are sealed.

FIG. 1A is a top plan view of the electronic component of the
embodiment: FIG. 1B is a sectional view of the same taken along
a line B-B of FIG. 1A; and FIG. 1C is a sectional view of the same
taken along a line C-C of FIG. 1A. A substrate 10 is an SAW substrate
and comprises an SAW device consisting of comb-shaped electrodes
14, 16, 18 and 20 that are formed on a main surface 12. A substrate
22 is provided confronting the substrate 10. The substrate 22 has
a sealing wall 26 formed on a main surface 24 thereof. The sealing
wall 26 has a contour enclosing the SAW device formed on the
substrate 10, i.e., a contour enclosing the comb-teeth portions
of the comb-shaped electrodes 14, 16, 18 and 20. The sealing wall
276 is adhered to the main surface 12 of the substrate 10 so that
the SAW device is hermetically sealed by the substrates 10, 22 and
the sealing wall 26.

The comb-shaped electrodes 14, 16, 18 and 20 of the SAW device
are electrically connected to bumps 28, 30, 32 and 34, respectively,
formed on the main surface 12 of the substrate 10 and at sites
(hereinafter referred to as electrode pads) lying'outside thé
sealing wall 26. The substrate 22 is provided with openings 36,
38, 40 and 42 that are positioned so as to be in alignment with
the bumps 28, 30, 32 and 34, respectively. The bumps 28, 30, 32

and 34 are exposed to the exterior from the openings 36, 38, 40

and 42, respectively.

Referring to FIG. 2, the status of the electronic component

12
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100 being mounted on a circuit board 44 is shown. The bump 30 on
the substrate 10 is connected to an electrode 46 placed on the
circuit board 44, and the bump 34 1is connected to an electrode 48
placed on the circuilt 44. similarly, the remaining bumps are also
connected to electrodes, not shown, on the circuit board 44. In
this manner, via the bumps the electronic component 100 1is
electrically connected to and mounted on the circuit board 44. At
that time, the bumps 30 and 34 may be joined to the electrodes 46

and 48 on the circuit board 44 by way of electrically conductive

resin, solder or the like.

The electronic component of the first embodiment is connected
to the circuit board by use of the bumps. Thus, compared with the
conventional electronic component using bonding wires for the
connection to the circuit board, the area occupled by the electronic

component on the circuilt board is reduced so that high density

mounting is feasible.

In addition, the SAW device is hermetically sealed by the two
substrates and the sealing wall without the use of packages of

ceramics, etc. This reduces the number of elements, making 1it

possible to provide inexpensive electronic components.

Description will now be given of a method of fabricating the

electronic component of the embodiment.

FIG. 3A is a top plan view of the substrate having the SAW

device formed thereon before being assembled; FIG. 3B is a sectional
view of the same taken along a line D-D of FIG. 3A: and FIG. 3C
is a sectional view of the same taken along a line E-E of FIG. 3A.

In a circuit region 60 on the substrate 10 the SAW device consisting

13
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of the comb-shaped electrodes 14, 16, 18 and 20 1s formed. Similarly,

SAW devices are respectively formed 1n circuit regions 62, 64 and
66. In the subsequent step, the substrate 10 is separated into
a plurality of circuit regions each providing a single electronic
component. The bumps 28, 30, 32 and 34 that are connected to
electrodes of the SAW device are formed in the circuit region 60.
The bumps 28, 30, 32 and 34 are formed in the circuit region 60
so as to be positioned outside of the sealing wall that is adhered
to the substrate 10 in the later step. In the interiors of the other
circuit regions the bumps are formed in the same manner as in the
interior of the circuilt region 60.

FIG. 4A 1s a top plan view of the unassembled substrate having
the sealing wall formed thereon before being assembled; FIG. 4B
is a sectional view of the same taken along a line D’-~-D’ of FIG.

4A; and FIG. 4C is a sectional view of the same taken along a line

E‘’=E of FIG. 4A.

The sealing wall 26 is formed in the circuit region 60 on the
substrate 22. Similarly, the sealing wall 1s formed in the other
circuit regions as well. The sealing wall is made of a material
having a low electric conductivity such as glass, polyimide resin,
epoxy resin, etc. The sealing wall 26 extends so as to enclose the
SAW device on the substrate 10 and to allow the bumps 28, 30, 32
and 34 to lie outside of the sealing wall 26 when the substrate
10, shown in FIGs. 3A, 3B and 3C, 1s made to confront the substrate
22 i1n the later step.

The substrate 22 is provided with the plurality of openings

36, 38, 40 and 42 that are positioned so as to confront the bumps

\

14




10

15

20

25

CA 02310504 2000-06-01

on the substrate 10 when the substrate 10 shown i1n FIGs. 3A to 3C

is made to confront the substrate 22.

Then, as shown in FIG. 5, with the main surface 12 of the
substrate 10 confronting the main surface 24 of the substrate 22,
the sealing wall 26 1is p‘ressed against the substrate 10 by pressure
means 66 while heating the substrate 22 so that the sealing wall
26 can adhere to the substrate 10. Heating allows a part of the
sealing wall 26 to fuse and adhere to the substrate 10. It 1s to
be noted that heating is carried out at a temperature sufficient
to allow the sealing wall 26 to fuse and adhere to the substrate
10 and at a temperature sufficient to allow the sealing wall 26
to keep its shape sufficiently to support the substrate 22. When
the sealingwall 26 fuses to the substrate 10, gas will be generated.

The gas can be effectively removed through the openings 36, 38,
40 and 42 in the substrate 22. The pressure means 66 are provided
with through-holes 68 and 70 through which the generated gas can

be effectively discharged to the exterior of the electronic

component.

FIG. 6A is a top plan view of the substrate 10 and the substrate
22 which have been assembled together; FIG. 6B is a sectional view
of the same taken along a line D-D of FIG. 6A; and FIG. 6C is a
sectional view of the same taken along a line E-E of FIG. 6A. 1In
the assembled status, the line D-D of FIG. 3A coincides with the
line D’-D’ of FIG. 4A, which are designated in common as the line
D-D in FIG. 6A. Similarly, the line E-E of FIG. 3A and the line
E'-E’ of FIG. 4A are designated in common as the line E-E in FIG.

6A. After the assembly, the bumps 28, 30, 32 and 34 are exposed

\
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to the exterior through the substrate openings 36, 38, 40 and 42,
respectively. After assembly, the substrate 10 and the substrate
22 are severed into a plurality of circuit regions to obtain a
plurality of electronic components as shown in FIGs. 1A to 1C.
In this manner, the electronic component manufacturing method
of the embodiment can obtain a plurality of electronic components

through a single assembling operation. Thus, compared with the
case of individual assembly, the number of manufacturing steps can

be reduced to a large extent, making it possible to lower the cost

of each electronic component.

In the electronic component manufacturing method of the

embodiment, after the formation of the bumps 28, 30, 32 and 34 on

- the substrate 10, the sealing wall 26 of the substrate 22 was heated

and fused to the substrate 10. Instead, before the formation of
the bumps 28, 30, 32 and 34 on the substrate 10, the sealing wall
26 of the substrate 22 may be fused to the substrate 10. In this
case, the sealing wall 26 of the substrate 22 shown in FIGs. 4A
to 4C 1s adhered to the substrate 10 having no bumps thereon previous

to the adhesion of the sealing wall 26. FIG. 7 is a top plan view
of the status where the sealingwall 26 of the substrate 22 is adhe.:red
to the substrate 10. At that time, the comb-shaped electrodes 14,
16, 18 and 20 are exposed to the exterior through the openings 36,
38, 40 and 42 in the substrate 22. Bumps are formed on top of the
thus exposed comb-shaped electrodes 14, 16, 18 and 20 through the
assoclated openings. At that time, the SAW device of the substrate
10 1s hermetically sealed by the substrate 10, sealing wall 26 and
substrate 22 prior to the formation of the bumps. For this reason,

\
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even when the bumps are formed by means of electroplating or flux,
the plating or flux are prevented from entering specific portions

of the comb-shaped electrodes 14, 16, 18 and 20 constituting the
SAW device so that the formation of bumps can be facilitated.
Furthermore, the formation of the bumps on electrode pads
enables the adhesion of the sealing wall to be effected at a higher
temperature than the fusing temperature.
Additionally, the bumps are exposed to the exterior through
the openings in the electronic component of the embodiment so that

second bumps can be easily disposed on top of the bumps formed on

the substrate.

FIG. 8A is a top plan view of an electronic component in which
second bumps are disposed on top of the bumps; FIG. 8B 1s a sectional
view of the same taken along a line F-F of FIG. 8A; and FIG. 8C
is a sectional view of the same taken along a line G-G of FIG. 8A.
The second bumps 70, 72, 74 and 76 are disposed in the status shown

in FIGs. 6A, 6B and 6C where the substrate 10 and the substrate
22 have been assembled together. By dropping the second bumps

through the opening in the substrate 22, the second bumps, e.qg.,
solder bumps are disposed on top of the bumps on the substrate 10,
both of which are then heated so that they are joined togethér.
The bumps 28, 30, 32 and 34 previously placed on the substrate are
exposed to the exterior through the openings 36, 38, 40 and 42,
respectively. This facilitates the disposition of the second bumps
70, 72, 74 and 76 on top of the bumps 28, 30, 32 and 34, respectively.
After the disposition of the second bumps 70, 72, 74 and 76 on top
of the bumps 28, 30, 32 and 34, respectively, the substrates 10

\
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and 22 are jointly severed into a plurality of circuit regions,
to obtain a plurality of electronic components through a single

assembling operation.

FIG. 9 illustrates the status where the circuit board 1s

mounted with an electronic component 200 having two-stage bumps.
By employing such a two-stage bump structure, the second bumps 70,
72, 74 and 76 can protrude from the substrate 22 even though the
substrate 22 is of a greater thickness, and the electronic
components can be mounted on the circuit board in a suitable manner.
The electronic component 200 having a two-stage bump
structure is useful for the connection when the comb-shaped

electrodes 14, 16, 18 and 210 on the substrate 10 are made of a

material different from that of the electrodes 46, 48, etc., of

the circuit board 44.

For example, in cases where the material of the comb-shap'ed
electrodes 14, 16, 18 and 20 on the substrate 10 is aluminum and
the material of the electrodes 46, 48, etc., of the circuit board
44 is solder plating, it is preferable that the bumps 28, 30, 32
and 34 be made of gold but that the second bumps 70, 72, 74 and
76 be solder bumps. In such a case, by virtue of the second bumps
70, 72, 74 and 76 in the form of the solder bumps, easy connection
is ensured even though the electrodes 46 and 48 are made of solder
plating which is less likely to connect with gold. In this manner,
the two-stage bump structure allows the materials of the bumps 28,
30, 32 and 34 and of the second bumps 70, 72, 74 and 76 to be
appropriately selected, in compliance with the materials of the

comb-shaped electrodes 14, 16, 18 and 20 and the electrodes 46,

18
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48, etc., of the circuit board 44, thereby making it possible to

obtain a good connection.

Alternatively, second sealing walls may be provided so as to
enclose the bumps at the periphery of the openings on the substrate
22. FIG. 10A is a top plan view of an electronic component having
the second sealing walls each enclosing the bump; and FIG. 10B 1is
a sectional view of the same taken along a line H-H of FIG. 1lO0A.
The sealing wall 26 and second sealing walls 90, 92, 94 and 96 are
formed on the substrate 22. The contours of the second sealingwalls
90, 92, 94 and 96 are such that the bumps of the substrates 10 are
each enclosed by the associated second sealing walls when the
substrate 10 is made to confront the substrate 22. It 1is preferred

that the second sealing walls be made of the same material as that

of the sealing wall 26. The formation of the second sealing walls

90, 92, 94 and 96 precedes the assembly of the substrates 10 and

22.

FIG. 11 is a top planview of the substrate 22 having the second

' sealing walls before being assembled. A circuit region 60 on the

substrate 22 is provided with openings 102, 104, 106 and 108. The
sealing wall 26 and the second sealing walls 90, 92, 94 and 96 that
enclose the openings 102, 104, 106 and 108, re5pectivély, are formed
in the circuit region 60 on the substrate 22. The openings, sealing
wall and second sealing walls are similarly formed in the other
circuit regions 62, 66 and 64 as well. After the adhesion of the
sealing wall 26 and second sealing walls 90, 92, 94 and 96 to the
substrate 10 shown in FIGs. 3A to 3C, the substrate 10 and 22 1is
severed into a plurality of circuit regions so that a plurality

\
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of electronic components are manufactured at a time. The

electronic component equipped with the second sealing walls
prevents flux or the like from entering the substrate 10 when the
bumps 28, 30, 32 and 34 are connected to the circuit board 44.
Furthermore, when assembling the.substrates 10 and 20 together,
a stricter parallel relationship can be achieved 1in the assembly
of the substrate 10 and the substrate 22.

Although the electronic components of the above embodiments
have employed the bumps for the connection between the electronic
components and the circuit board, the bumps need not necessarily
be used, but instead any other electrically conductive members
having an electrical conductivity may be used. FIG. 12A 1s a top
plan view of an electronic component 400 connected to a circuilt
board by way of another electrically conductive member, and FIG.
12B is a sectional view of the same taken along a line I-I of FIG.
12A. The substrate 22 of the electronic component 400 is formed
with openings 102, 104, 106 and 108 at positions confronting the
electrode pads of the comb-shaped electrodes 14, 16, 18 and 20 of
the SAW device. First electrically conductive members 410, 412,
414 and 416 are formed on inner walls of the openings 102, 104,
106 and 108 and on the surface of the substrate 22. The first
electrically conductive member 412 and the electrode pad of the
comb-shaped electrode 16 are connected to each other by way of a
second electrically conductive member 422 that is filled into the
associated opening. Similar to the first electrically conductive
member 412, the remaining first electrically conductive members

410, 414 and 416 are electrically and physically connected with

\
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second electrically conductive members 420, 424 and 426 that are
filled into the associated openings. FIG. 13 1s a sectional view
of the electronic component 400 being mounted on the circuit board

44. The electronic component 400 i1s mounted on the circuit board

44 with the first electrically conductive members 410, 412, 414

and 416 soldered onto the electrodes 46, 48, etc., on the circult

board 44.

FIG. 14 is atop planview, viewed from the sealingwall forming
side, of the pre-assembled substrate 22 upon the manufacture of
the electronic component 400. FIG. 15 1is a top plan view of the
substrate 22 when viewed from the opposite side to the sealing wall

forming surface of the substrate 22. FIG. 16 is a top plan view

of the substrate 10 to which 1s closely adhered the sealing wall
of the substrate 22 shown in FIGs. 14 and 15. The openings 102,
104, 106 and 108 are formed in a circuit region 60 on the substrate
22. The first electrically conductive members 414, 416, 410 and
412 are formed on the inner walls of the openings 102, 104, 106
and 108. Other circuit regions 62, 66 and 64 are similarly provided
with the openings and the first electrically conductive members.
After close adhesion of the sealing wall 26 of the substrate 22
to the substrate 10, the second electrically conductive membérs
420, 422, 424, 426, etc., are filled through the openings associated
therewith. Afterward, the substrate 22 and the substrate 10 are
severed for each circuit region to manufacture a plurality of
electronic components having the same configuration as the

electronic component 400.

Provision of the additional openings in the side surfaces of

)
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the electronic component 400 can enhance the reliability of
connection between the circuit board 44 and the electronic component
400. FIG. 17A 1s a top plan view of an electronic component 500
having openings formed in its side surfaces; FiG. 17B 1is a sectional
5 view of the same taken along a line J-J of FIG. 17A; and FIG. 17C
is a sectional view of the same taken along a line K-K of FIG. 1l7A.
Openings 510, 512, 514 and 516 are formed in the side surfaces of
the substrate 22. The second electrically conductive member 410
extends over the inner wall of the opening 510 in the side surtface

10 and over the side of the substrate 22 in which the opening 510 1is
formed. In the same manner, the second electrically conductive
members 412, 414 and 416 extend over the inner walls of the openings
512, 514 and 516 and over the sides of the substrates 22 in which
the opening are formed. FIG. 18 is a sectional view of the

15 electronic component 500 being mounted on the circuilt board 44.
By virtue of the provision of the second electrically conductive
members 410 and 412 on the side surfaces of the substrate 22 of
the electronic component 500, it is possible to form'solder fillets
520 on the side surfaces of the substrate 22, allowing the

20 reliability of connection between the substrate 22 and the circuit

board 44 to be enhanced.

FIG. 19 is a top plan view of the substrate 22 in the
pre-assembled state of the electronic component 500, when viewed
from the opposite side to the surface on which the sealing wall

25 726 is formed. The circuit region 60 of the substrate 22 is formed
with the openings 102, 104, 106, 108, 510, 512, 514 and 516. The

first electrically conductive member 414 is formed on the inner
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wall of the opening 102 so as to extend up to the inner wall of
the opening 514. Similarly, the first electrically conductive

members 410, 412 and 416 are formed on the 1inner walls of the openings
104, 106 and 108, respectively. Other circuit regions have the same
configuration as that of the circuit region 60. After intimate
adhesion of the sealingwall 26 of the substrate 22 to the substrate
10 shown in FIG. 16, the second electrically conductive members
420, 422, 424 and 426, etc., are filled through the associated

openings. Afterward, the substrate 22 and the substrate 10 are

severed together for each circuit region, to produce a plurality

of electronic components each having the same configuration as the

electronic component 500. Thus, due to such a feature that the
second electrically conductive members are formed on the side
surfaces of the substrate 22, it is possible for the electronic
component 500 to achieve a secure connection between the substrate
22 and the circuit board 44.

In the electronic components 400 and 500, the substrate 22
may be amulti-layer substrate having a layered structure consisting
of an insulating layer(s) made of an insulating material and an
electrically conducting layer(s) made of an electrically conductive
material, with the substrate 22 carrying thereon one Or more circuit
elements such as inductors, capacitors, resistors, etc.

In the electronic components of the embodiments, as set forth
hereinabove, the electronic circuit devices are hermetically sealed
in the electronic component by the sealing wall 26, the substrate

10 and the substrate 22, and the resultant electronic component

is mounted on the circuit board 44. As a result, there 1s no need

\
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for any special packages for sealing the electronic circuit devices,
thus making it possible to reduce the number of parts and to provide
inexpensive electronic components. Furthermore, the electronic
components of the embodiments enable gases which may be generated
upon the intimate adhesion of the sealing walls to be effectively
removed through the openings 1n the substrate 22.

Although the sealing wall 26 is formed on the substrate 22,
it may be provided on the substrate 10.

It is preferred that the substrates 10 and 22 be made of the
same material. In this event, there arises only a small difference
in the coefficient of thermal expansion between the substrates 10
and 22 when the sealing wall 26 1s adhered to the substrate 10 by
pressing the sealing wall 26 against the substrate 10 while heating

the same, whereupon the thermal stress applied to the sealing wall

26 becomes small, ensuring a good adhesion of the sealing wall 26

to the substrate 10.

Since the electronic component is connected via the bumps to
the circuit board in this manner, the area occupied by the electronic
component on the circuit board is reduced compared with the
conventional electronic component using the bonding wires for the
connection to the circuit board, and thus high density mounting
becomes feasible. Moreover, due to the fact that no packages of
ceramics or the like are used, the number of parts is reduced, making
it possible to provide inexpensive electronic components.

In addition, the second substrate of the electronic component
is provided with openings at positions in registration with the

bumps. These openings can be used to effectively remove gas which

\
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may be generated when the sealing wall on the second substrate 1is

adhered to the first substrate.

while illustrative and presently preferred embodiments of
the present invention have been described 1in detail herein, 1t
is to be understood that the inventive concep-ts may be otherwise
variously embodied and employed and that the appended claims are

intended to be construed to include such variations except i1nsofar

as limited by the prior art.
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WHAT IS CLAIMED IS:

1. An electronic component to be mounted on a circult board

comprising:

a first substrate ha\}ing an electronic circuit device and an
electrode pad on one main surface of said first substrate in
electrical connection with said electronic circuit device;

a sealing wall whose one face is closely adhered to sald one
main surface of said first substrate, said sealing wall being

configured to enclose said electronic circuit device with said

electrode pad arranged outside of said sealing wall;

a second substrate closely adhered to the other face of said

sealing wall;

an opening formed in said second substrate at a site

confronting said electrode pad; and

an electrically conductive member extending through the

interior of said opening for electrical connection with said

electrode pad.

2. An electronic component according to claim 1, wherein

said electrically conductive member comprises a bump disposed

on said electrode pad.

3. An electronic component according to claim 1, whereiln

said electrically conductive member comprises:

a first bump disposed on said electrode pad for electrical

connection with said electrode pad; and

\
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a second bump disposed on top of said first bump for electrical

and physical connection with said circult board.

4. An electronic component according to claim 1, whereiln
5 said electrically conductive member comprises:

a first bump disposed on said electrode pad for electrical

connection with said electrode pad; and

a second bump disposed on top of said first bump for electrical

and physical connection with said circuit board;

10 said first bump being made of gold, said second bump being

made of solder.

5. An electronic component according to claim 1, wherein

said second substrate has a second sealing wall around said

15 opening configured to enclose said electrically conductive member.

6. An electronic component according to claim 1, wherein

said second substrate has a second sealing wall around said
opening configured to enclose said electrically conductive member,

20 said second sealing wall being made of the same material as

that of said first sealing wall.

7. An electronic component according to claim 1, wherein
said electrically conductive member comprises:
25 a first electrically conductive member disposed on an inner
wall of said opening for being electrically and physically

connectable to said circuit board; and

27




~obiAdbinkiiivior /s

CA 02310504 2000-06-01

a second electrically conductive member disposed on said
electrode pad for being electrically connected with said first

electrically conductive member and with said electrode pad.

5 8. An electronic component according to claim 1, wherein
said electrically conductive member comprises:

a first electrically conductive member disposed on an 1nner
wall of said opening for being electrically and physically
connectable to said circuit board; and ‘

10 a second electrically conductive member disposed on said
electrode pad for being electrically connected to said first
electrically conductive member and to said electrode pad; and
wherein

said second substrate is amulti-layer substrate carrying one

15 or more circuilt elements thereon.

9. An electronic component according to claim 1, whereiln
said sealing wall is made of an insulating material, said
material having an adhesion to at least one of said first substrate

20 and said second substrate.

10. An electronic component according to claim 1, whereiln
said sealing wall is made of a material Selected from a group
consisting of glass, polyimide resin and epoxy resin.
25
11. An electronic component according to claim 1, wherein

said electronic circuit device is a surface acoustic wave

\
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device.

12. An electronic component according to claim 1, wherein

said first and second substrates are made of the same

material.

13. A method of manufacturing an electronic component to be
mounted on a circuit board, said electronic component comprising:

a first substrate having an electronic circuit device and an
electrode pad on one main surface of said first substrate in
electricai connection with said electronic circuit device;

a sealing wall whose one face is closely adhered to said one
main surface of said first substrate, said sealing wall being
configured to enclose said electronic circuit device with said
electrode pad arranged outside of said sealing wall;

a second substrate closely adhered to the other face of said

sealing wall;

an opening formed in said second substrate at a site
confronting said electrode pad; and

an electrically conductive member extending through the
interior of said opening for allowing said electrode pad and said
circuit substrate to be electrically connectable to each other;

said method comprising:

a first step in which one faces of a plurality of sealing walls
are closely adhered to one main surface of said first substrate
which has a plurality of electronic circuit devices formed on said
one main surface in a plurality of circuit regions and a plurality

A
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of electrode pads in electric connection with said plurality of
electronic circuit devices, said plurality of sealing walls each
configured to enclose each of said plurality of electronic circuit
devices with each of said plurality of electrode pads arranged
outside of each of said plurality of sealing walls, and in which
said second substrate is closely adhered to the other faces of said
plurality of sealingwalls, said second substrate having a plurality
of openings at sites confronting said plurality of electrode pads;
a second step in which an electrically conductive member 1s
formed on each of said plurality of electrode pads, said
electrically conductive member being electrically connected with

each of said plurality of electrode pads; and

a third step in which said first substrate, together wlith said
second substrate, is severed for each of said plurality of circuit

regions, to obtain a plurality of electronic components.

14. A method of manufacturing an electronic component according

to claim 13, whereiln

said first step includes a step in which said plurality of

sealing walls are closely adhered to said first substrate after

formation of said plurality of sealing walls onto said second

substrate.

15. A method of manufacturing an electronic component according

to claim 13, wherein

said first step includes a step in which said plurality of

sealing walls are closely adhered to said second substrate after

\
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formation of said plurality of sealing walls onto said first

substrate.

16. A method of manufacturing an electronic component according
to claim 13, wherein

said second step includes a step in which said electrically
conductive member is formed on each of said plurality of electrode

pads through a corresponding one of said plurality of openings.

17. A method of manufacturing an electronic component according

to claim 13, wherein

said electrically conductive member comprises a bump.

18. A method of manufacturing an electronic component according

to claim 13, wherein

said electrically conductive member comprises:

a first bump disposed on each of said plurality of electrode

pads for electrical connection with said each of said plurality

of electrode pads; and

a second bump disposed on top of said first bump for electrical
and physical connection with said circuit board; and wherein

said second step includes a step in which said first bump 1s
formed on each of said plurality of electrode pads through a
corresponding one of said plurality of openings, after which said

second bump is formed on top of said first bump.

19. A method of manufacturing an electronic component according
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to claim 13, wherein

a first electrically conductive member is previously formed
on an inner wall of each of said plurality of openings, said first
electrically conductive member beling electrically connectable to
said circuit board, and whereiln

said second step includes a step 1n which a second
electrically conductive member is formed on each of said plurality
of electrode pads, said second electrically conductive member

electrically connecting said first electrically conductive member

and each of said plurality of electrode pads.

20. A method of manufacturing an electronic component according

to claim 13, wherein

said second step is carried out after said first step.
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