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on which an electronic part is mounted, and ejects an encapsulation

resin to an encapsulation area of the substrate. The resin ejection
nozzle comprises an ejection part adapted to eject the encapsula-
tion resin, the ejection part having a longitudinal direction which is
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DESCRIPTION

RESIN EJECTION NOZZLE, RESIN ENCAPSULATION METHOD,

AND ELECTRONIC PART ASSEMBLY

TECHNICAL FIELD

The present invention relates to a resin ejection
nozzle which is scanned over a wiring substrate on which an
electronic part is mounted and ejects an encapsulation resin
to an encapsulation area of the wiring substrate. Moreover,
the present invention relates to a resin encapsulation method
which ejects the encapsulation resin to the encapsulation area
of the wiring substrate when the resin ejection nozzle is
scanned over the wiring substrate, and relates to an
electronic part assembly for which resin encapsulation is
performed according to the resin encapsulation method.

In the present specification and claims, the term
“electronic part” is used to be inclusive of any of electronic
parts, such as resistors, thermistors, capacitors, etc., and
also semiconductor‘device packages or bare-chip type
semiconductor chips. Moreover, the term “wiring substrate” is

used to be inclusive of lead frames of semiconductor device.

BACKGROUND ART

In the manufacturing processes of an electronic
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part assembly in which an electronic part, such as a
semiconductor chip, a resistor, a thermistor or a capacitor,
is mounted on a wiring sﬁbstrate, resin encapsulation is
performed in order to protect the mounted electronic part from
the outside. See Japanese Laid-Open Patent Application No.
2003-309134, Japanese Patent No. 3343131, and Japanese Patent
No. 2745207.

Generally, a resin ejection nozzle which has the
cross—-section in circular formation is used.

As disclosed in Japanese Laid-Open Patent
Application No. 2003-309134, a method of applying
encapsulation resin to a predetermined encapsulation area is
known. When applying encapsulation resin to an encapsulation
area of a wiring substrate, a resin ejection nozzle for
applying a fluid-state encapsulation resin is used, and the
resin ejection nozzle is scanned on the wiring substrate while
the encapsulafion resin is ejected from the resin ejection
nozzle.

However, in the above-mentioned method, repetitive
movement of the resinAejection nozzle over the encapsulation
area must be carried out so that the resin is applied, and
there is a problem that a long time is required for the resin
application. Moreover, the mechanism for controlling the
movement of the resin ejection nozzle or the wiring substrate

is complicated, and it causes the manufacturing cost to be
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A conceivable method for solving the above problem
may be a method of applying encapsulation resin using a resin
ejection nozzle which is provided with a slotted ejection hole
having a longitudinal direction perpendicular to the direction
of movement of the nozzle, and the method using the resin
ejection nozzle can apply encapsulation resin to a wide area.

However, when the above-mentioned resin ejection
nozzle is used, the encapsulation resin ejected from the
nozzle contacts the side surface of the electronic part as a
whole simultaneously which is perpendicular to the direction
of movement of the nozzle. After the resin application, air
bubbles may be included in the part of the encapsulation resin
near the electronic part, and the appearance becomes poor due
to the air bubbles. And when the encapsulation resin is

heated, the air bubbles will be expanded and a void will occur

there. This causes the reliability to become poor.

DISCLOSURE OF THE TINVENTION

An object Qf the present invention is to provide an
improved electronic part assembly in which the above-mentioned
problems are eliminated.

Another object of the present invention is to
provide a resin ejection nozzle and a resin encapsulation

method which can apply encapsulation resin to a wide
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encapsulation area of a wiring substrate on which an
electronic part is mounted, while preventing inclusion of air
bubbles. |

Another object of the present invention is to
provide an electronic part assembly in which the electronic
part is encapsulated in the resin applied in accordance with
the resin encapsulation method.

In order to achieve the above-mentioned objects,
the present invention provides a resin ejection nozzle which
is moved over a substrate on which an electronic part is
mounted, and ejects an encapsulation resin to an encapsulation
area of the substrate, the resin ejection nozzle comprising:
an ejection part adapted to eject the encapsulation resin, the
ejection part having a longitudinal direction which is
perpendicular to a direction of movement of the nozzle; and an
ejection hole part adapted to cause the encapsulation resin to
contact a substantially half area of a side of the electronic
part which lies at right angles to the direction of movemeﬁt
of the nozzle, wherein a remaining area of the side of the
electronic part is gradually contacted by the encapsulation
resin after the substantially half area of the side of the
electronic part is contacted by the encapsulation resin.

The above-mentioned resin ejection nozzle may be
configured so that a slotted ejection hole is arranged so that

a central part of the slotted ejection hole in a longitudinal
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direction of the hole is curved to the direction of movement
of the nozzle, and the curved central part causing the
encapsulation resin to céntact the substantially half area of
the side of the electronic part which lies at righf angles to
the direction of movement of the nozzle.

The above-mentioned resin ejection nozzle may be
configured so that a plurality of secondary ejection holes are
arranged adjacent to a side of a slotted ejection hole which
lies in the direction of movement of the nozzle, the plurality
of secondary ejection holes causing the encapsulation resin to
contact the substantially half area of the side of the
electronic part which lies at right angles to the direction of
movement of the nozzle.

The above-mentioned resin ejection nozzle may be
configured so that each of the plurality of secondary ejection
holes is configured so that a width of each of the plurality
of secondary ejection holes in a longitudinal direction of,
each secondary ejection hole is smaller than a width of the
slotted ejection hole in a iongitudinal direction, and the
longitudinal direction of each secondary ejection hole is
slanted to the direction of movement of the nozzle.

The above-mentioned resin ejection nozzle may be
configured so that the plurality of secondary ejection holes
are arranged such that the encapsulation resin from each

secondary ejection hole is caused to contact the substantially
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half area of the side of the electronic part.

The above-mentioned resin ejection nozzle may be
configured so that a width of the ejection part in the
longitudinal direction is slightly smaller than a width of the
encapsulation area.

In order to achieve the above-mentioned objects,
the present invention provides a resin encapsulation method
which ejects an encapsulation resin to an encapsulation area
of a substrate on which an electronic part is mounted, when a
resin ejection nozzle is moved over the substrate, the resin
encapsulation method comprising the steps of: providing a
resin ejection nozzle comprising an ejection hole part and an
ejection part adapted to eject the encapsulation resin, the
ejection part having a longitudinal direction which is
perpendicular to a direction of movement of the nozzle;
causing the encapsulation resin to contact a substantially
half area of a side of the electronic part which lies at right
angles to the direction of movement of the nozzle; and causing
the encapsulation resin to gradually contact a remaining area
of the side of the elegtronic part after the substantially
half area of the side of the electronic part is contacted by
the encapsulation resin.

In order to achieve the above-mentioned objects,
the present invention provides an electronic part assembly

comprising: a wiring substrate; an electronic part; a
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plurality of electrodes provided on the wiring substrate and
electrically connected to the electronic part; and an
encapsulation resin provided in an encapsulation area of the
wiring substrate to encapsulate the electronic part and the
plurality of electrodes connected to the electronic part,
wherein the encapsulation resin is formed in accordance with
the above-mentioned resin encapsulation method.

According to the resin ejection nozzle and the
resin encapsulation method of the invention, it is possible to
apply encapsulation resin to a wide encapsulation area of a
wiring substrafe on which an electronic part is mounted, while
preventing inclusion of air bubbles.

Since the resin encapsulation of the electronic
part assembly is carried out in accordance with the resin
encapsulation method of the invention, it is possible to
provide the electronic part assembly in which inclusion of air
bubbles near the electronic part does not take place. It is
possible to prevent the appearance of the electronic part
assembly after the resin application from deteriorating due to
the air bubbles. And it is possible to prevent the occurrence
of the void when the encapsulation resin is heated, and the
reliability can be increased.

Other objects, features and advantageé of the.
present invention will be apparent from the following detailed

description when reading in conjunction with the accompanying



10

15

20

25

WO 2006/098459 PCT/JP2006/305471

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, FIG. 1B and FIG. 1C are diagrams showing
the composition of a resin ejeétion nozzle in an embodiment of
the invention.

FIG. 2A, FIG. 2B and FIG. 2C are diagrams for
explaining the manufacturing method of an electronic part
assembly to which an embodiment of the resin encapsulation
method of the invention is applied.

FIG; 3 is a plan view for explaining an embodiment
of the resin encapsulation method of the invention.

FIG. 4A, FIG. 4B and FIG. 4C are diagrams showing
the composition of an embodiment of the electronic part
assembly for which the resin encapsulation is performed
according to an embodiment of the resin encapsulation method
of the invention. x

FIG. 5B, FIG. 5B and FIG. 5C are diagrams showing
the composition of another embodiment of the resin ejection
nozzle of the invention.

FIG. 6 is a plan view for explaining another
embodiment of the resin encapsulation method of the invention.

FIG. 7A, FIG. 7B and FIG. 7C are diagrams showing
the composition of modifications of the resin ejection nozzle

of the invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

A description’will now be given of an embodiment of
the invention with reference to the accompanying drawings.

FIG. 1A, FIG. 1B and FIG. 1C show the composition
of a resin ejection nozzle in an embodiment of the invention.
FIG. 1A is a plan view of the resin ejection nozzle, FIG. 1B
is a front view of the resin ejection nozzle, and FIG. 1C is a
right side view of the resin ejection nozzle.

In the resin ejection nozzle 1 of this embodiment,
a nozzle body 2 which is made of stainless steel is provided.
The nozzle body 3 of stainless steel, provided in the resin
ejection nozzle 1, is in a generally cylindrical shape and
provided with a bottom. A screw thread for connecting the
nozzle body 3 with a resin supply portion, such as a cylinder,
is formed in an inner wall of the nozzle body 3 which is
opposite to the bottom of the nozzle body 3. ,

An ejection part 5 which is made of stainless steel
is formed on the bottom of the nozzle body 3 so that the
ejection part 5 projects downwardly from the bottom of the
nozzle body 3. A slotted ejection hole 7 which penetrates the
bottom of the nozzle body 3 and the ejection part 5 is formed
and this ejection hole 7 has a horizontal cross-section which
is in the shape of a slot. The slotted ejection hole 7 is

formed so that the central part of the hole 7 in the
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longitudinal direction is curved to the direction of movement
of the resin ejection nozzle 1 which direction is
perpendicular to the longitudinal direction of the slotted
ejection hole 7. i

For example, the bottom-end dimensions of the
slotted ejection hole 7 in the ejection part 5 are as follows.
The opening of the slotted ejection hole 7 is about 0.3 mm
wide, the width of the slotted ejection hole 7 in the
transverse direction i1s set to about 1.8mm, the width of the
slotted ejection hole 7 in the longitudinal direction is set
to about 8.8mm, and the radius of curvature of the slotted
ejection hole 7 is set to about 8.6mm.

FIG. 2A, FIG. 2B and FIG. 2C are diagrams for
explaining the manufacturing method of an electronic part
assembly to which an embodiment of the resin encapsulation
method of the invention is applied. FIG. 3 is a plan view for
explaining an embodiment of the resin encapsulation method, of
the invention. FIG. 4A, FIG. 4B and FIG. 4C show the
composition of an embodiment of the electronic part assembly
for which the resin encapsulation is performed according to an
embodiment of the resin encapsulation method of the invention.:
FIG. 4A is a perspective view of a front surface of the
electronic part assembly, FIG. 4B is a perspective view of a
back surface of the electronic part assembly, and FIG. 4C is a

cross—-sectional view of the electronic part assembly taken



10

15

20

25

WO 2006/098459 PCT/JP2006/305471

_11_.
along the line A-A indicated in FIG. 4A.

In the resin encapsulation method of this
embodiment, a protection Eircuit module of a secondary battery
is assumed to be an example of the electronic part assembly as
the encapsulation object for which the resin encapsulation is
performed according to the resin encapsulation method.

The protection circuit module will be explained
with reference to FIG. 4A through FIG. 4C.

The protection circuit module 9 comprises a wiring
substrate 10. Two battery-side external terminals 1la, the
plurality of electrodes 1lb for a protection IC chip, the
plurality of electrodes llc for a field effect transistor chip,
the plurality of electrodes 11d for electronic parts, and a
wiring pattern (not illustrated) are formed on the front
surface 10a of the wiring substrate 10 (see FIG. 4C).

The battery side external terminals 1la, the
electrodes 11lb for the protection IC chip, the electrodes llc
for the field effect transistor chip, the electrodes 11d for
the electronic parts, and the wiring pattern are made of
copper. The electrodes 1lb for the protection IC chip, the
electrodes 1llc for the field effect transistor chip, and the
electrodes 11d for the electronic parts are disposed between
the two battery side external terminals 1lla.

An insulating material layer 12 is formed on the

front surface 10a of the wiring substrate 10. Opening
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portions corresponding to the battery side external terminals
1la, the electrodes 1lb for the protection IC chip, the

electrodes llc for the field effect transistor chip, and the

. electrodes 11d for the electronic parts respectively are

formed in the insulating material layer 12.

Metal plates 13 (for example, nickel plates) are
disposed on the battery side external terminals lla through
the solder which is formed in the opening portions.

Face down bonding of a protection IC chip ,
(electronic part) 14 which is in a bare chip state is carried
out in the areas where the electrodes 1lb for the protection
IC chip are formed. The protection IC chip 14 is connected
with the electrodes 11lb for the protection IC chip by the
solder and mounted on the wiring substrate 10.

Face down bonding of a field effect transistor chip
(electronic part) 15 which is in a bare chip state is carried
out in the areas where the electrodes llc for the field effect
transistor chip are formed. The field effect transistor chip
15 is connected with the electrodes llc for the field effect
transistor chip by the solder and mounted on the wiring
substrate 10. For example, the field effect transistor chip
15 contains two field-effect transistors which are connected
in series. .

The electronic parts 16 are mounted in the areas

where the electrodes 11d for the electronic parts are formed.
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For example, the electronic parts 16 may contain thermistor
elements, such as PTC elements, resistors, capacitors, etc.
The electronic parts 16 ére connected with the electrodes 11d
for the electronic parts by the solder anq mounted on the
wiring substrate 10. The underfill which is made of a resin
material is filled up between the protection IC chip 14 and
the insulating material layer 12 and between the field effect
transistor chip 15 and the insulating material layer 12,
respectively. For example, the material of the underfill may
contain an epoxy resin and a silicone resin. Some of the
underfill portions contain silica particles, and other
underfill portions do not contain any silica particles.
Tapered structure portions which are made of the
underfill material are formed between the electronic parts 16
and the insulating material layer 12 and in the circumference
of the electronic parts 16 including the neighboring solder
for mounting the electronic parts 16, respectively.

1

An encapsulation resin 18 is formed in the areas of

the insulating material layer 12 between the two nickel plates

13 including the mounting area of the protection IC chip 14,
the mounting area of the field effect transistor chip 15, and
the mounting areas of the electronic parts 16. The protection
IC chip 14, the field effect transistor chip 15, and the
electronic parts 16 are covered with and protected by the

encapsulation resin 18.
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Three load side external terminals 20a and the
plurality of testing terminals 20b are formed on the back
surface 10b of the wiriné substrate 10. The back surface 10b
is opposite to the front surface 10a of the wiring substrate
10. The load side external terminals 20a and the testing
terminals 20b are made of copper.

An insulating material layer 22 is formed on the
back surface 10b of the wiring substrate 10. Openings 22a
corresponding to the load side external terminals 20a and
openings 22b corresponding to the testing terminals 20b are
formed in the insulating material layer 22. Gold plating
layers 24a are formed on the surfaces of the load side
external terminals 20a, and gold plating layers 24b are formed
on the surfaces of the testing terminals 20b.

Next, the manufacturing method of the electronic
part assembly to which an embodiment of the resin
encapsulation method of the invention is applied will be
explained with reference to FIG. 2A through FIG. 3.

In FIG. 3, only the slotted ejection hole 7 is
illustrated about the resin ejection nozzle.

(1) A cluster board 32 in which a plurality of

rectangular wiring substrate areas 34 are formed is prepared.

In this example of the cluster board 32, two wiring substrate

areas 34 are arrayed in rows in the transverse direction of

the cluster board 32, and fourteen wiring substrate areas 34
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are arrayed in columns in the longitudinal direction of the
cluster board 32. There are a total of 28 wiring substrate
areas 34 contained in the'cluster board 32.

The two battery side external terminals 1lla, the
plurality of electrodes 1lb for the protection IC chip, the
plurality of electrodes 1llc for the field effect transistor
chip, the plurality of electrodes for the electronic parts
(not illustrated), and the wiring pattern (not illustrated)
are formed in each wiring substrate area 34 on the front
surface 32a of the cluster board 32.

The'encapsulation area 36 ranging over the 14
wiring substrate areas 34 arrayed in the longitudinal
direction is formed. The width of the encapsulation area 36
in the transverse direction is slightly larger than the size
of the slotted ejection hole 7 in the longitudinal direction
of the resin ejection nozzle 1 of FIG. 1. For example, in the
present embodiment, the size of the slotted ejection hole 7 in
the longitudinal direction is 8.8mm, and the width of the
encapsulation area 36 in the transverse direction is 10mm (see
FIG. 234).

(2) By using fhe solder (not illustrated), the
nickel plates 13, the protection IC chip 14, the field effect
transistor chip 15, and the electronic parts (not illustrated)
are mounted on the battery side external terminals 1la, the

electrodes 1lb for the protection IC chip, and the electrodes
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1lc for the field effect transistor chip, respectively.

The underfill is formed in the mounting areas of
the protection IC chip 14‘and the field effect transistor chip
15. While the encapsulation resin is ejected from the slotted
ejection hole 7 of the above-described resin ejection nozzle 1
of FIG. 1, the resin ejection nozzle 1 is scanned, in the
direction indicated by the arrow in FIG. 3, over the
encapsulation area 36, so that the encapsulation resin 18 is
continuously applied and cured in the longitudinal direction
of the cluster board 32. See FIG. 2B and FIG. 3.

As shown in FIG. 1A and FIG. 3, the resin ejection
nozzle 1 has the slotted ejection hole 7 in which the central
part of the hole 7 in the longitudinal direction is curved to
the direction of movement (the direction of an arrow) of the
resin ejection nozzle 1 (which direction is indicated by the
arrow in FIG. 3). For example, at the time of application of
the encapsulation resin in the area near the protection IC,
chip 14, the encapsulation resin being ejected first contacts
the central portion of the side 14a of the protection IC chip
14 which lies at right.angles to the direction of movement of
the nozzle. And the encapsulation resin is caused to
gradually contact the outward portions of the side 14a of the
protection IC chip 14 within the wiring substrate area 34 as
the resin ejection nozzle 1 is moved in the-direction

indicated by the arrow in FIG. 3.
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Similarly, at the time of application of the

encapsulation resin in the area near the field effect
transistor chip 15, the eﬁcapsulation resin being ejected
first contacts the central portion of the side 15a of the
field effect transistor chip 15 which lies at right angles to
the direction of movement of the nozzle. And the
encapsulation resin is caused to gradually contact the outward
portions of the side 15a of the field effect transistor chip
15 within the wiring substrate area 34 as the resin ejection
nozzle 1 is moved in the direction indicated by the arrow in
FIG. 3.

Although illustration is omitted, the same
discussion is also applicable to the electronic parts 16
mounted in the wiring substrate area 34.

Accordingly, when the encapsulation resin is
applied from the resin ejection nozzle to the wiring substrate
on which the electronic parts are mounted, it is possible to
prevent inclusion of air bubbles near the side 14a of the
protection IC chip 14 the side 15a of the field effect
transistor chip 15, and the sides of the electronic parts
which lie at right angles to the direction of movement of the
nozzle. And the resin ejection nozzle 1 is provided with the
slotted ejection hole 7 which is extended in the longitudinal
direction which is perpendicular to the direction of movement

of the nozzle, and the encapsulation resin can be applied to a
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wide encapsulation area of the wiring substrate.

Moreover, the width of the slotted ejection hole 7
in the longitudinal dimenéion of the nozzle 1 is slightly
smaller than the width of the encapsulation area 36 in the
transverse direction. By making one scanning of the resin
ejection nozzle 1 over the cluster board 32, it is possible to
apply the encapsulation resin to the whole encapsulation area
36 ranging over the number of wiring substrate areas 34.
According to the resin encapsulation method of the present
embodiment, repetitive movement of the nozzle over the
encapsulation area as in the conventional method is no longer
necessary to perform, and the time for the resin application
can be shortened when compared with the case in which the
encapsulation resin is applied repeatedly by the repetitive
movement of the nozzle over the encapsulation area.

Moreover, when the encapsulation resin is applied
repeatedly as in the conventional method, unevenness may bg
formed in the encapsulation resin surface after the resin
application, and a stripe-like defect on the appearance may
take place. However, according to the resin encapsulation
method of the present embodiment, it is possible to prevent
the stripe-like defect on the appearance from taking place in
fhe surface of the encapsulation resin 18 applied to the whole
encapsulation area 36.

(3) The adhesive dicing tape is attached to the
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back surface of the cluster board 32. By performing the known
dicing process on the front surface 32a of the cluster board
32, the areas of the cluéter board 32 between the wiring
substrate areas 34 are cut away, so that the individual
protection circuit modules 9 are created. Then, the dicing
tape is pulled in the several directions to make the
individual protection circuit modules 9 to be separated from
each other. Moreover, ultraviolet ray irradiation is applied
to the dicing tape, and the adhesion power of the dicing tape
is weakened. One of the protection circuit modules 9 is
pushéd up by using a rod-like fixture from the back surface of
the dicing tape, and the protection circuit module 9 is taken
out by using a vacuum suction with a pickup fixture. See FIG.
2C.

FIG. 5A, FIG. 5B and FIG. 5C show the composition
of another embodiment 6f the resin ejection nozzle of the
invention. FIG. 5A is a plan view of the resin ejection
nozzle, FIG. 5B is a front view of the resin ejection nozzle,
and FIG. 5C is a right side view of the resin ejection nozzle.

In the resin ejection nozzle 41 of this embodiment,

a nozzle body 43 which is made of stainless steel is provided.

The nozzle body 43 of stainless steel, provided in the resin

ejection nozzle 41, is in a generally cylindrical shape and

provided with a bottom. A screw thread for connecting the

nozzle body 43 with a resin supply portion, such as a cylinder,
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is formed in an inner wall of the nozzle body 43 which is
opposite to the bottom of the nozzle body 43.

An ejection pért 45 which is made of stainless
steel is formed on the bottom of the nozzle body 43 so that
the ejection part projects downwardly from the bottom of the
nozzle body 43. A slotted ejection hole 47 which penetrates
the bottom of the nozzle body 43 and the ejection part 45 is
formed, and this ejection hole 47 has a horizontal cross-
section which is configured into a slot formation. The
slotted ejection hole 47 is formed so that it has a
longitudinal direction which is perpendicular to the direction

of movement of the nozzle 41.

Two secondary ejection holes 49 which penetrate the

bottom of the nozzle body 43 and the ejection part 45 are
formed so that they are located adjacent to the side of the
slotted ejection hole 47 which lies in the direction of
movement of the nozzle 41. The secondary ejection holes 49
are arranged such that the encapsulation resin ejected from
the secondary ejection holes 49 is caused to contact the
substantially half area of the electronic-part side of the
wiring substrate (which is the encapsulation object) which
lies at right angles to the direction of movement of the
nozzle 41.

For example, the bottom-end dimensions of the

slotted ejection hole 47 and the secondary ejection holes 49
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in the ejection part 45 are as follows. The opening of the
slotted ejection hole 47 is about 0.3mm wide, and the width of
the slotted ejection hole’47 in the longitudinal direction is
about 8.8mm. The opening of each of the secondary ejection
holes 49 is about 0.3mm wide, and the width of each of the
secondary ejection holes 49 in the longitudinal direction is
about 2.7mm. The distance between the slotted ejection hole
47 and each of the secondary ejection holes 49 in the
transverse direction is about 1.7mm, and the distance between
the two secondary ejection holes 49 in the longitudinal
direction is about 1.8mm.

In this embodiment, the slotted ejection hole 47
and the secondary ejection holés 49 are tapered so that the
bottom-end diameter'of each of the ejection holes 47 and 49 is
smaller than the top-end diameter thereof. The taper angle in
this embodiment is about 15 degrees.

FIG. 6 is a plan view for explaining another .
embodiment of the resin encapsulation method of the invention.

Similar to the previous embodiment of FIG. 3, the
object of resin encapsulation is the encapsulation area 36 of
the cluster board 32. However, the arrangement of the
protection IC chip 14, the field effect transistor chip 15 and
the electronic part 16 in FIG. 6 differs from that in the
previous embodiment of FIG. 3.

The electronic part assembly formed from the
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cluster board 32 is the same as that of the protection circuit
module of the secondary battery explained above with reference
to FIG. 4A-4C. Next, the'resin encapsulation method in this
embodiment will be explained with referenq@ to FIG. 5A-5C and
FIG. 6.

By using the solder (not illustrated), the nickel
plates 13, the protection IC chip 14, the field effect
transistor chip 15, and the electronic parts 16 are mounted on
the battery side external terminals, the electrodes for the
protection IC chip, and the electrodes for the field effect
transistor chip which are provided on the front surface 32a of
the wiring substrate area 36 of the cluster board 32.

While the encapsulation resin is ejected from the
slotted ejection hole 47 and the secondary ejection holes 49
of the above-described resin ejection nozzle 41 of FIG. 5A,
the resin ejection nozzle 41 is scanned, in the direction
indicated by the arrow in FIG. 6 (which direction is parallel
to the transverse direction of each wiring'substrate area 34),
over the encapsulation area 36, so that the encapsulation
resin 18 is continuously applied and cured in the longitudinal
direction of the cluster board 32.

As shown in FIG. 5A and FIG. 6, the resin ejection
nozzle 41 includes the slotted ejection hole 47 having its
longitudinal direction perpendicular to the-direction of

movement of the nozzle. Moreover, the resin ejection nozzle
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41 includes the secondary ejection holes 49 which are arranged
in the position adjacent to the side of the slotted ejection
hole 47 which lies in thé direction of movement of the nozzle
41. The encapsulation resin ejected from the secondary
ejection holes 49 is caused to contact the substantially half
area of the side 14a of the protection IC chip 14, the
substantially half area of the side 15a of the field effect
transistor chip 15, and the substantially half area of the
side 16a of each electronic part 16, which lie perpendicular
to the direction of movement of the nozzle 41.

Thereby, at the time of the resin application, the
encapsulation resin ejected from the secondary ejection holes
49 of the nozzle 41 is caused to contact the substantially
half area of the side 14a of the protection IC chip 14 which
lies at right angles to the direction of movement of the
nozzle 41. And, when the resin ejection nozzle 41 is moved in
the direction of the arrow in FIG. 6, the encapsulation regin
ejected from the slotted ejection hole 47 is caused to contact
the remaining half area of the side 1l4a of the protection IC
chip 14. Similarly, the encapsulation resin ejected from the
secondary ejection holes 49 of the nozzle 41 is caused to
contact the substantially half area of the side 15a of the
field effect transistor chip 15 and the substantially half

area of the side 16a of each electronic part 16 which lie at

right angles to the direction of movement of the nozzle 41.
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Thereafter, the encapsulation resin ejected from the slotted
ejection hole 47 is caused to contact the remaining half area
of the side 15a of the fiéld effect transistor chip 15 and the
remaining half area of the side 16a of each electronic part 16.

Accordingly, when the encapsulation resin is
applied from the resin ejection nozzle 41 to the wiring
substrate on which the electronic parts are mounted, it is
possible to prevent inclusion of air bubbles near the side 1l4a
of the protection IC chip 14, the side 15a of the field effect
transistor chip 15, and the side 16a of each of the electronic
parts 16, which lie at right angles to the direction of
movement of the nozzle 41.

And the resin ejection nozzle 41 is provided with
the slotted ejection hole 47 which is extended in the
longitudinal direction which is perpendicular to the direction
of movement of the nozzle 41, and the encapsulation resin can
be applied to a wide encapsulation area of the wiring
substrate.

Moreover, the width (= 8.émm) of the slotted
ejection hole 47 in the longitudinal direction of the nozzle
41 is slightly smaller than the width (= 10mm) of the
encapsulation area 36 in the transverse direction. By making
one scanning of the resin ejection nozzle 41 over the cluster
board 32, it is possible to apply the encapsulation resin to

the whole encapsulation area 36 ranging the number of wiring
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substrate areas 34. And the time for the resin application
time can be shortened when compared with the case in which the
encapsulation resin is apblied repeatedly by the repetitive
movement of the nozzle over the encapsulation area. According
to the resin encapsulation method of the present embodiment,
it is possible to prevent the stripe-like defect on the
appearance from taking place on the surface of the
encapsulation resin 18 applied to the encapsulation area 36.

FIG. 7A, FIG. 7B and FIG. 7C are diagrams showing
the composition of modifications of the resin ejection nozzle
of the invention. In FIG. 7A to FIG. 7C, the elements which
are essentially the same as corresponding elements in FIG. 5A
are designated by the same reference numerals, and a
description thereof will be omitted.

In the previous embodiment of FIG. 53, the
secondary ejection holes 49 for causing the encapsulation
resin to contact the half area of the electronic part side are
arranged in parallel to the slotted ejection hole 47 so tﬁat
they have the longitudinal direction perpendicular to the
direction of movement of the nozzle 41. The arrangement of
the secondary ejection holes 49 may be varied according to the
present invention.

As an alternative embodiment, the slotted ejection
hole 47 and two secondary ejection holes 51 may be arranged

such that the longitudinal directions of the secondary
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election holes 51 are slanted by about 45 degrees to the

direction of movement of the nozzle 41, as shown in FIG. 7A.
The secondary ejection héles 51 are located in the position
adjacent to the side of the slotted ejection hole 47 which
lies in the direction of movement of the nozzle 41. The
length of each of the secondary ejection holes 51 is smaller
than the length of the slotted ejection hole 47.

As another alternative embodiment, the slotted
ejection hole 47 and four secondary ejection holes 53 may be
arranged such that the longitudinal directions of the
secondary election holes 53 are slanted by about 45 degrees to
the direction of movement of the nozzle 41, as shown in FIG.
7B. The secondary ejection holes 53 are located in the
position adjacent to the side of the slotted ejection hole 47
which lies in the direction of movement of the nozzle 41. The
length of each of the secondary ejection holes 53 is still
smaller than the length of the slotted ejection hole 47. !

As another alternative embodiment, the slotted
ejection hole 47 and a plurality of secondary ejection holes
55 which have a horizqntal cross-section which is in the shape
of a circle may be arranged as shown in FIG. 7C.

By scanning one of the resin ejection nozzles 41 of
FIG. 7A-7C over the wiring substrate on which the electronic
parts are mounted, the resin application can be carried out in

the same manner as in the above-described resin encapsulation
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method of FIG. 3 or FIG. 6. The encapsulation resin ejected

from the secondary ejection holes 51 (53 or 55) can be caused
to contact the substantiaily half area of the electronic part
side, and it is possible to obtain the advantages that are the
same as those of the above-described resin ejection nozzle 41
of FIG. b5A.

In the above-mentioned embodiments of FIG. 5A and
FIG. 7A-7C, the slotted ejection hole 47 may be replaced by
the slotted ejection hole 7 in the embodiment of FIG. 1A which
is formed so that the central part of the hole 7 in the
longitudinal direction is curved to the direction of movement
of the nozzle which direction is perpendicular to the
longitudinal direction of the hole 7. Also in such modified
embodiment, by scanning the resin ejection nozzle 41 over the
wiring substrate on which the electronic parts are mounted,
the resin application can be carried out in the same manner as
in the above-described resin encapsulation method of FIG. 3 or
FIG. 6. And it is possible for the modifiéa embodiment to
obtain the advantages that are the same as those of the above-
described resin ejection nozzle 41 of FIG. 5A.

In the above-mentioned embodiments of FIG. 5A and
FIG. 7A-7C, it is not necessarily required that the slotted
ejection hole 47 and the secondary ejection holes 49, 51, 53
and 55 be tapered. Moreover, it is not necessarily required

that the secondary ejection holes 49, 51, 53 and 55 be
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arranged such that the encapsulation resin ejected from the
secondary ejection holes 49 is caused to contact the
substantially half area of the electronic-part side of the
wiring substrate.

The present invention is not limited to the above-
described embodiments and variations and modifications may be
made without departing from the scope of the invention.

For example, the electronic part assembly in the
above-mentioned embodiments of the resin encapsulation method
is the protection circuit module. However, the object of
resin encapsulation method is not limited to the protection
circuit module, and another electronic part assembly may be
the object of the resin encapsulation method. Moreover, the
object of resin encapsulation is not limited to the cluster
board, and one wiring substrate may be the object of resin
encapsulation.

The application of the resin ejection nozzle and
the encapsulation resin method of the invention is not limited
to the resin encapsulation of a wiring substrate, such as a
printed-circuit board,'and the resin ejection nozzle and the
encapsulation resin method of the invention is also
application to the resin encapsulation of a semiconductor chip
mounted on the lead frame. Therefore, the electronic part

assembly of the invention may include a semiconductor device

in which the resin encapsulation is carried out.
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It is not necessarily required that the width of
the ejection part in the longitudinal direction of the resin
ejection nozzle is slightiy smaller than the width of the
encapsulation area of the wiring substrate. What is necessary
for the ejection part of the resin ejection nozzle is that the
slotted ejection hole is a slot which has the longitudinal
direction perpendicularly to the direction of movement of the
nozzle.

What is meant by the direction of movement of the
nozzle at the time of application of the encapsulation resin
is the direction of relative movement of the nozzle to the
wiring substrate. There are several cases of relative
movement of the resin ejection nozzle to the wiring substrate.
In one case, the wiring substrate is fixed and the resin
ejection nozzle is moved relative to the wiring substrate. 1In
another case, the resin ejection nozzle is fixed and the
wiring substrate is moved to the nozzle. In another case,
both the resin ejection nozzle and the wiring substrate are
moved relative to each other.

Further,'thg present application is based on and
claims the benefit of priority of Japanese patent application
No. 2005-076215, filed on March 17, 2005, the entire contents

of which are hereby incorporated by reference.
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CLAIMS

1. A resin ejéction nozzle which is moved over a
substrate on which an electronic part is mounted, and ejects
an encapsulation resin to an encapsulation area of the
substrate, the resin ejection nozzle comprising:

an ejection part adapted to eject the encapsulation
resin, the ejection part having a longitudinal direction which
is perpendicular to a direction of movement of the nozzle; and

an ejection hole part adapted to cause the
encapsulation resin to contact a substantially half area of a
side of the electronic part which lies at right angles to the
direction of movement of tﬁe nozzle,

wherein a remaining area of the side of the
electronic part is gradually contacted by the encapsulation

resin after the substantially half area of the side of the

electronic part is contacted by the encapsulation resin.

2. The resin ejection nozzle according to claim 1
wherein a slotted ejection hole is arranged so that a central
part of the slotted ejection hole in a longitudinal direction
of the hole is curved to the direction of movement of the
nozzle, and the curved central part causing the encapsulation
resin to contact the substantially half area of the side of

the electronic part which lies at right angles to the
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direction of movement of the nozzle.

3. The resin éjection nozzle according to claim 1
wherein a plurality of secondary ejection holes are arranged
adjacent to a side of a slotted ejection hole which lies in
the direction of movement of the nozzle, the plurality of
secondary ejection holes causing the encapsulation resin to
contact the substantially half area of the side of the

electronic part which lies at right angles to the direction of

movement of the nozzle.

4. The resin ejection nozzle according to claim 3
wherein each of the plurality of secondary ejection holes is
configured so that a width of each of the plurality of
secondary ejection holes in a longitudinal direction of each
secondary ejection hole is smaller than a width of the slotted
ejection hole in a longitudinal direction, and the
longitudinal direction of each secondary ejection hole is

slanted to the direction of movement of the nozzle.

5. The resin ejection nozzle according to claim 3
wherein the plurality of secohdary ejection holes are arranged
such that the encapsulation resin from each secondary ejection
hole is caused to contact the substantially half area of the

side of the electronic part.
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6. The resin ejection nozzle according to claim 1
wherein a width of the ejection part in the longitudinal
direction is slightly smaller than a width of the

encapsulation area.

7. A resin encapsulation method which ejects an
encapsulation resin to an encapsulation area of a substrate on
which an electronic part is mounted, when a resin ejection
nozzle is moved over the substrate, the resin encapsulation
method comprising the steps of:

providing a resin ejection nozzle comprising an
ejection hole part and an ejection part adapted to eject the
encapsulation resin, the ejection part having a longitudinal
direction which is perpendicular to a direction of movement of
the nozzle;

causing the encapsulation resin to contact a
substantially half area of a side of the electronic part which
lies at right angles to the direction of movement of the
nozzle; and

causing the encapsulation resin to gradually
contact a remaining area of the side of the electronic part

after the substantially half area of the side of the

electronic part is contacted by the encapsulation resin.
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8. The resin encapsulation method according to
claim 7 wherein the resin ejection nozzle includes a slotted
ejection hole which is arfanged so that a central part of the
slotted ejection hole in a longitudinal direction of the hole
is curved to the direction of movement of the nozzle, and the
curved central part causing the encapsulation resin to contact
the substantially half area of the side of the electronic part

which lies at right angles to the direction of movement of the

nozzle.

9. The resin encapsulation method according to
claim 7 wherein the resin ejection nozzle includes a plurality
of secondary ejection holes which are arranged adjacent to a
side of a slotted ejection hole which lies in the direction of
movement of the nozzle, the plurality of secondary ejection
holes causing the encapsulation resin to contact the
substantially half area of the side of the electronic part
which lies at right angles to the direction of movement of the

nozzle.

10. An electronic part assembly comprising:

a wiring substrate;

an electronic part;

a plurality of electrodes provided on the wiring

substrate and electrically connected to the electronic part;
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and
an encapsulation resin provided in an encapsulation
area of the wiring substréte to encapsulate the electronic
part and the plurality of electrodes connected to the
electronic part, wherein the encapsulatiog resin is formed in

accordance with the resin encapsulation method according to

claim 7.
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