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METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE USING MOLD
HAVING RESIN DAM AND
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The disclosure of Japanese Patent Application No.
2012-071563 filed on Mar. 27, 2012 including the specifica-
tion, drawings, and abstract is incorporated herein by refer-
ence in its entirety.

BACKGROUND

[0002] The present invention relates to a technique for
manufacturing a semiconductor device, and more particularly
to a technique that encapsulates an electronic component
such as a semiconductor chip mounted on a wiring board with
a resin.

[0003] For semiconductor packages, there is a single side
encapsulation type package including a wiring board, a semi-
conductor chip mounted on the wiring board, and an encap-
sulation resin provided on the wiring board so as to cover the
semiconductor chip.

[0004] In forming the encapsulation resin of this semicon-
ductor package, a mold including a lower mold supporting the
back surface side of a wiring board and an upper mold facing
the lower mold is used. The upper mold includes a recessed
portion forming a cavity surrounding a semiconductor chip
and a flat portion contacting the surface of a wiring board
around the cavity (see Japanese Unexamined Patent Publica-
tion No. 2000-058571 and Japanese Unexamined Patent Pub-
lication No. 2006-313801, for example).

[0005] The wiring board includes an insulating film, a wir-
ing pattern formed on this insulating film, and a solder resist
covering this wiring pattern. The solder resist is formed on
projecting portions relatively protruding on the wiring pat-
tern, and formed on recessed portions other than the project-
ing portions because of the thickness of the wiring pattern.
Therefore, a gap is generated between the solder resist and the
upper mold on the recessed portion, and a resin sometimes
leaks through this gap. On the other hand, in order to suppress
the resin leakage, when the upper mold and the lower mold
are pressed against each other strongly, the wiring board on
the projecting portions is likely to be damaged (for example,
Japanese Unexamined Patent Publication No. 2000-058571
and Japanese Unexamined Patent Publication No. 2006-
313801).

[0006] In view of these problems, Japanese Unexamined
Patent Publication No. 2000-058571 describes that a wall-
shaped clamp block surrounding the cavity is provided rela-
tively vertically movably to the upper mold, the clamp block
is pressed downward using a pressuring mechanism, and the
lower end surface of the clamp block is pressed against por-
tions adjacent to the cavity on the top surface of the wiring
board for stopping the leakage of a resin. The clamp block
described in Japanese Unexamined Patent Publication No.
2000-058571 is disposed at a location adjacent to the cavity,
or in the cavity.

[0007] It is noted that Japanese Unexamined Patent Publi-
cation No. 2005-101407 describes a technique in which a
block pin is provided on an upper mold. This block pin con-
tacts the top surface of a lower mold on the outer side of a
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wiring board, and the lower mold is pressed down in clamping
for suppressing the deformation or cracking or the like of the
wiring board.

SUMMARY

[0008] Inthe technique described in Japanese Unexamined
Patent Publication No. 2000-058571, the clamp block is dis-
posed at a location adjacent to the cavity, or in the cavity.
[0009] On the other hand, Japanese Unexamined Patent
Publication No. 2005-101407 describes the technique in
which the block pin presses down the lower mold for adjust-
ing a contacting pressure across the upper mold and the wir-
ing board.

[0010] As described above, it is difficult to combine the
suppression of resin leakage with the suppression of damage
to the functional wiring area of a wiring board in forming an
encapsulation resin.

[0011] It is an object of the present invention to provide a
technique that can combine the suppression of resin leakage
with the suppression of damage to interconnections. The fore-
going object, the other objects, and novel features will be
apparent from the description and the accompanying draw-
ings of the present specification. For brief description, the
summary of representative aspects disclosed in the present
application is as follows.

[0012] Namely, the present invention is a method for manu-
facturing a semiconductor device, in which a projecting por-
tion is provided over a flat portion of the upper mold of an
encapsulation mold for use in the step of encapsulating a
semiconductor device, the flat portion contacts a wiring board
around a cavity of the upper mold, and the projecting portion
is provided at a location spaced apart from the cavity, and
serves as a resin dam.

[0013] Moreover, the present invention is directed to a
semiconductor device, in which a dent extends at a location
spaced apart from an encapsulation resin.

[0014] According to the present invention, it is possible to
combine the suppression of resin leakage with the suppres-
sion of damage to the functional wiring area of a wiring board
in forming an encapsulation resin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is across sectional view of the configuration
of'a semiconductor device mold according to a first embodi-
ment;

[0016] FIG. 2 is a bottom view of an example of a second
mold of the semiconductor device mold according to the first
embodiment;

[0017] FIG. 3 is a bottom view of another example of the
second mold of the semiconductor device mold according to
the first embodiment;

[0018] FIGS. 4A to 4D are diagrams of a semiconductor
device according to the first embodiment;

[0019] FIGS.5A and 5B are diagrams of the semiconductor
device according to the first embodiment;

[0020] FIGS. 6A and 6B are diagrams of a semiconductor
device according to an exemplary modification;

[0021]
[0022] FIG. 8is a cross sectional view of a second mold of
a semiconductor device mold according to a second embodi-
ment;

FIG. 7 is a plan view of a processed substrate;
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[0023] FIGS. 9A and 9B are cross sectional views of a
second mold of a semiconductor device mold according to a
third embodiment;

[0024] FIG. 10 is a cross sectional view of a wiring board;
and
[0025] FIG. 11 is a cross sectional view for describing a

problem of a method for manufacturing a semiconductor
device according to a comparative example.

DETAILED DESCRIPTION

[0026] Inthe following, embodiments of the present inven-
tion will be described with reference to the drawings. It is
noted that similar components are designated the same refer-
ence numerals and signs, and the description is appropriately
omitted in all the drawings.

First Embodiment

[0027] FIG.1 is a cross sectional view of the configuration
of'a semiconductor device mold according to a first embodi-
ment. FIG. 2 is a bottom view of an example of an upper mold
(asecond mold) 51 of the semiconductor device mold accord-
ing to the firstembodiment. FI1G. 3 is a bottom view of another
example of the upper mold 51 of the semiconductor device
mold according to the first embodiment. It is noted that a
projecting portion 23 is hatched in FIGS. 2 and 3 for easily
understanding the location of the projecting portion 23.
[0028] The semiconductor device mold according to the
embodiment includes a first mold (a lower mold 52, for
example) that contacts the back surface (a second surface) of
a wiring board 57 on which a semiconductor chip 56 is
mounted in clamping and the second mold (the upper mold
51, for example) facing the first mold. The second mold
includes a recessed portion 53 that forms a cavity 50 sur-
rounding the semiconductor chip 56 in clamping and a flat
portion 60 that contacts the surface (a first surface) of the
wiring board 57 around the cavity 50 in clamping. The flat
portion 60 is provided with a projecting portion 23 that
projects on the wiring board 57 side at a location spaced apart
from the cavity 50 in such a way that the projecting portion 23
extends in an annular shape surrounding the cavity 50. As
described further below, the projecting portion 23 serves as a
resin dam preventing leakage of the resin past the projecting
portion, when resin is introduced into the cavity during a
molding process.

[0029] The lower mold 52 includes a main body 52a, a
cavity block 54, and a coned disc spring 55, for example. The
main body 52a is formed in a half-box shape in which the top
end is opened. The cavity block 54 is disposed in the main
body 52a so as to be vertically slidable along the inner edge of
the main body 52a. The coned disc spring 55 is disposed
between the bottom surface of the hollow portion of the main
body 524 and the lower surface of the cavity block 54 in the
state in which a plurality of the coned disc springs 55 are
stacked, and the coned disc springs 55 spring-bias the cavity
block 54 upward.

[0030] The cavity block 54 and the coned disc springs 55
form a pressure release mechanism (a floating mechanism).
Even though the thickness of the wiring board 57 fluctuates,
the fluctuation in the thickness of the wiring board 57 is
absorbed by the floating mechanism, and the wiring board 57
can be clamped with an appropriate load.

[0031] As described above, the upper mold 51 includes the
recessed portion 53 and the flat portion 60.
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[0032] The shape of the recessed portion 53 is rectangular
when seen in a plane view, for example, and has a trapezoidal
cross section.

[0033] The flat portion 60 is provided with the projecting
portion 23 projecting on the wiring board 57 side in such a
way that the projecting portion 23 extends in an annular shape
surrounding the cavity 50. It is noted that in the case of the
embodiment of FIG. 1, the entire upper mold 51 including the
projecting portion 23 is integrally formed of a metal, for
example, to have unitary one-piece construction.

[0034] Here, intheupper mold 51, there is a region in which
the projecting portion 23 is not formed in at least a part of the
region facing the angled short side of an encapsulation resin
forming region 64, described later. Moreover, the height of
the projecting portion 23 projecting from the flat portion 60 is
shorter than the thickness of a solder resist 72 on an intercon-
nection 71a, described later.

[0035] Here, FIG. 10 is a cross sectional view of the wiring
board 57. As illustrated in FIG. 10, the wiring board 57
includes a base substrate 70, an interconnection 71 (a func-
tional interconnection 66, described later) and a through hole
63 formed on the base substrate 70, and the solder resist (the
insulating resin) 72 that covers the interconnection 71 and the
through hole 63.

[0036] The surface of the wiring board 57 has micro pro-
jections and depressions reflecting the shape of the intercon-
nection 71 and the like as illustrated in FIG. 10, for example.
The solder resist 72 in liquid is applied over the base substrate
70 having the pattern of the interconnection 71 formed on the
surface of the base substrate 70 using a roll coater or a print
screen, and then the solder resist 72 is cured. Although the
solder resist 72 has certain flatness when applied, the volume
of the solder resist 72 is reduced when cured because of the
volatilization of a solvent in the solder resist or the reaction of
contraction. In reducing the volume, since the thickness of the
solderresist 72 in the region where there is no interconnection
71 is larger than the thickness of the solder resist 72 on the
interconnection 71, the volume is more greatly reduced.
Therefore, the shape reflects the shapes of the projections and
depressions such as the interconnection 71. Since the floating
mechanism can only absorb micro fluctuations in the thick-
ness of the substrate, a gap is generated between the flat
portion 60 of the upper mold 51 and the wiring board 57 as
illustrated in FIG. 11 when using the upper mold 51 with no
projecting portion 23 formed on the flat portion 60. In the case
where this gap extends from the region inside the recessed
portion (the cavity) 53 formed on the upper mold 51 to an
external region, it is difficult to suppress the occurrence of
resin leakage along the gap. Moreover, when one tries to
suppress resin leakage by applying a heavier load in clamp-
ing, stress is concentrated on projecting portions of the micro
projections and depressions of the wiring board 57, and
cracks are formed on the wiring board 57 (cracks on the solder
resist 72 or the breakage of the interconnection 71, for
example).

[0037] For these problems, in the embodiment, the project-
ing portion 23 is formed on the flat portion 60 of the upper
mold 51. In clamping, the projecting portion 23 is pressed
against the surface of the wiring board 57 together with the
flat portion 60, and a clamping pressure is applied to the
region on the wiring board 57 in which the projecting portion
23 contacts the wiring board 57; the clamping pressure is
larger than a clamping pressure in the region on the wiring
board 57 in which the flat portion 60 contacts the wiring board
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57. Thus, even in the case where the gap reflecting the shape
of the interconnection 71 extends from the region inside the
recessed portion 53 formed on the upper mold 51 to the
external region, resin leakage to the outer side can be sup-
pressed beyond the contacting portions between the project-
ing portion 23 and the wiring board 57.

[0038] Moreover, in the embodiment, the flat portion 60 of
the upper mold 51 contacts the wiring board 57, and the
projecting portion 23 also contacts the wiring board 57. In the
case where only the projecting portion 23 of the upper mold
51 contacts the wiring board 57, only the contacting region of
the projecting portion 23 receives a clamping pressure (the
resistance of the plate springs 55, for example) when the
wiring board 57 has micro fluctuations in the thickness of the
substrate, so that it is likely that a large pressure is locally
applied and the wiring board 57 is damaged. On the contrary,
when the flat portion 60 contacts the wiring board 57 together
with the projecting portion 23 to clamp the wiring board 57,
the clamping pressure can be received in a wide area, and the
damage to the wiring board 57 caused by the clamping pres-
sure can be suppressed.

[0039] In the contacting area between the wiring board 57
and the upper mold 51, the contacting area between the flat
portion 60 and the wiring board 57 is made larger than the
contacting area between the projecting portion 23 and the
wiring board 57, and this is preferable from the points of both
of the suppression of resin leakage and the damage to the
wiring board.

[0040] Furthermore, since the projecting portion 23 is pro-
vided at a location spaced apart from the cavity 50, damage to
the functional interconnection of the wiring board 57 (the
detail will be described later) by the projecting portion 23 is
suppressed.

[0041] In addition, the projecting portion 23 may be dis-
posed in such a way that the region in which the flat portion 60
contacts the wiring board 57 exists on both of the inner side
and the outer side of the region in which the projecting portion
23 contacts the wiring board 57. Particularly, preferably, the
flat portion 60 is formed in such a way that the flat portion 60
includes a first portion on the inner side of the projecting
portion 23 and a second portion on the outer side of the
projecting portion 23, relative to the cavity 50, in the same
plane. Thus, variations in a pressure on the first portion on the
inner side of the projecting portion 23 in the flat portion 60
and on the second portion on the outer side of the projecting
portion 23 in the flat portion 60 can be suppressed.

[0042] Asillustrated in FIG. 2 or FIG. 3, the upper mold 51
is formed with a gate 59 that serves as an inlet port for filling
a resin in the cavity 50 and is further formed with an air vent
58 that serves as an outlet port to release air in the cavity 50
when filling a resin. It is noted that FIG. 2 is a so-called top
gate upper mold 51 in which the gate 59 is formed on the
upper part. In this example, four air vents 58 are formed at
four corners of the recessed portion 53 forming the cavity 50
(FIG.1) in such a way that the air vents 58 communicate with
each other. Moreover, FIG. 3 is a so-called side gate upper
mold 51 in which the gate 59 is formed on the side portion. In
this example, the gate 59 communicates with one of four
corners of the recessed portion 53, and three air vents 58
communicate with the remaining three corners. In the upper
mold 51, the air vents 58 and the gate 59 of the side gate type
are configured as grooves formed on the flat portion 60. The
groove forming the gate 59 is deeper than the groove forming
the air vent 58. Furthermore, the width of the groove forming
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the gate 59 may be formed wider than the width of the groove
forming the air vent 58 in the flat portion 60. In the embodi-
ment, the projecting portion 23 is interrupted at the locations
to form the air vents 58. As described above, no projecting
portion 23 exists at at least a part of the locations at which the
airvents 58 are formed, so thatair pressed in filling a resin can
be reliably released out. It is noted that in the case of the top
gate type, the gate 59 may not be necessarily disposed in the
center of the recessed portion 53 when seen in a plane view.
Similarly, in the case of the side gate type, the gate 59 may not
be necessarily disposed on the corner of the recessed portion
53.

[0043] The semiconductor device according to the embodi-
ment will be described with reference to FIGS. 4A to 4D. FIG.
4A is a plan view of the semiconductor device according to
the embodiment. FIG. 4B is a cross sectional view of the
semiconductor device of FIG. 4A along line 4B-4B. FIG. 4C
is a schematic enlarged diagram of a portion 4C in FIG. 4A.
FIG. 4D is a cross sectional view along a line 4D-4D in FIG.
4C. It is noted that FIG. 4C illustrates the interconnection 71a
through an encapsulation resin 80, described later, and the
solder resist 72.

[0044] The semiconductor device according to the embodi-
ment includes the wiring board 57, the semiconductor chip
(the semiconductor device) 56, the encapsulation resin 80, a
solder ball (an external terminal) 68, and a dent 69. The wiring
board 57 includes the first surface (the top surface) and the
second surface (the back surface) that is a surface on the
opposite side of the first surface. The outline of the wiring
board 57 when seen in a plane view includes a first edge 57a.
More specifically, the wiring board 57 is quadrilateral. The
outline of the wiring board 57 when seen in a plane view
includes four edges, marked 574,576, 57¢,57din FIG. 4A. It
is noted that the shapes at the intersection points (the corners
of the quadrilateral) between the first edge and the adjacent
edges are not necessarily the shapes crossing at a right angle.
The shapes may include notches. The first surface includes a
first region (the encapsulation resin forming region 64) and a
second region (a peripheral region 73) surrounding the first
region. The semiconductor chip 56 is mounted on the encap-
sulation resin forming region 64. The encapsulation resin 80
is not formed on the peripheral region 73, but formed on the
encapsulation resin forming region 64, and encapsulates the
semiconductor chip 56. The solder ball 68 is formed on the
back surface of the wiring board 57. The dent 69 is formed at
a location spaced apart from the encapsulation resin forming
region 64 in the peripheral region 73, and extends along the
first edge of the wiring board 57. In the following, the con-
figuration will be described in detail.

[0045] The semiconductor device according to the embodi-
ment includes the wiring board 57 including the encapsula-
tion resin forming region 64 and the peripheral region 73
surrounding the encapsulation resin forming region 64 on the
top surface, the semiconductor chip 56 mounted on the encap-
sulation resin forming region 64 of the wiring board 57, and
the encapsulation resin 80 formed on the encapsulation resin
forming region 64 of the wiring board 57 to cover the semi-
conductor chip 56. The dent 69 is formed on the surface of the
peripheral region 73 along the outer edge of the wiring board
57. The dent 69 is formed by transferring the projecting
portion 23 of the resin encapsulation mold for use in encap-
sulating the encapsulation resin 80; the projecting portion 23
is formed on the surface of the resin encapsulation mold, and
the surface contacts the wiring board 57.
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[0046] Inthe embodiment, the encapsulation resin forming
region 64 has a quadrilateral shape with chamfered corners
64c. Four sides of the quadrilateral are formed nearly in
parallel with the edges of the rectangular wiring board 57, and
the corners (chamfered regions) 64c are disposed at the loca-
tions facing the corners of the wiring board. In other words,
the encapsulation resin forming region 64 has an octagon
comprising long sides 64a alternating with angled short sides
645, including two pairs of long sides facing each other and
two pairs of angled short sides facing each other. The long
sides facing each other extend in parallel with each other, and
the angled short sides facing each other extend in parallel with
each other. The long sides extend in parallel with the four
edges of the wiring board 57, and the angled short sides face
the corners of the wiring board 57.

[0047] The first long side 64a of the octagon of the encap-
sulation resin forming region 64 and the first edge 57a of the
wiring board 57 are located on the same side relative to the
encapsulation resin forming region 64 when seen in a plane
view, and are in parallel with each other. The dent 69 and the
first long side 64a extend in parallel with each other. A first
distance between the first long side 64a and the dent 69 is
longer than a second distance between the first edge of the
wiring board 57 and the dent 69. On the wiring board 57, there
is the region in which the dent 69 is not formed in at least a
part of the region corresponding to the angled short side 645
of the encapsulation resin forming region 64.

[0048] The encapsulation resin forming region 64 is
defined by the recessed portion 53 of the upper mold 51. More
specifically, the encapsulation resin forming region 64 is
defined by lines where the side surfaces of the recessed por-
tion 53 intersect with the flat portion 60. The encapsulation
resin forming region 64 is the region facing the recessed
portion 53 of the upper mold 51 on the top surface of the
wiring board 57 when forming the encapsulation resin 80.
The peripheral region 73 is the region in which the flat portion
60 and the projecting portion 23 of the upper mold 51 contact
the top surface of the wiring board 57. The cross section of the
encapsulation resin 80 is trapezoidal, and the lower bottom of
the trapezoid corresponds to the encapsulation resin forming
region 64. The encapsulation resin 80 is not formed on the
peripheral region 73.

[0049] The wiring board 57 includes the base substrate 70
including an insulating material like a glass epoxy plate, the
interconnection 71qa including a conductor formed on the top
surface of the base substrate 70 (on the surface on which the
encapsulation resin 80 is formed), a plurality of the through
holes 63 including a through hole penetrating through the
base substrate 70 and a conductor formed on the inner wall of
the through hole, and the solder resist (the first insulating
film) 72 formed on the base substrate 70 and the interconnec-
tion (the first interconnection) 71a, for example. The dent 69
is formed on the solder resist 72 on the top surface of the
wiring board 57. The depth of the dent 69 is shallower than the
thickness of the solder resist 72 on the interconnection 71a.

[0050] An interconnection (a second interconnection) 715
is formed on the lower surface of the base substrate 70. The
first (upper) interconnection 71a and the second (lower) inter-
connection 715 are electrically coupled to each other through
the through hole 63. The solder resist (the second insulating
film) 72 is formed also on the lower surface of the base
substrate 70 so as to cover the interconnection 715. In the
embodiment, the conductor forming the interconnections 71a
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and 715 and the through hole 63 is Cu (copper) or an alloy
having Cu as a principal component.

[0051] A partofthe solder resist 72 is opened (removed) on
the top surface of the wiring board 57, and a part of the first
interconnection 71a is exposed, so that a stitch (a first elec-
trode terminal) 62 is formed. A metal film (not illustrated)
excellent in joining a bonding wire 61, described later, is
formed on the surface of the stitch 62. The metal film is
formed of an Ni (nickel) plating layer formed on the inter-
connection 71a by electroplating and an Au (gold) plating
layer formed on the Ni plating layer.

[0052] The wiring board 57 is formed with the through
holes 63. The through holes 63 are coupled to the correspond-
ing stitches 62 through the interconnection 71a (the func-
tional interconnection 66, described later). One ends of the
bonding wires 61 are bonded to the stitches 62, and the other
ends of the bonding wires 61 are bonded to electrode pads
(not illustrated) on the top surface of the semiconductor chip
56. The bonding wire 61 is a metal fine wire having Au or Cu
as a principal component.

[0053] A part of the solder resist 72 is opened (removed)
also on the lower surface of the wiring board 57, and a part of
the lower interconnection 715 is exposed, so that a ball land is
formed. The solder ball (the external terminal) 68 is formed
on the ball land. The solder ball 68 is used for coupling the
semiconductor device to another electronic device. A barrier
metal formed of an Ni electroplating layer formed in forming
the metal film of a bonding finger may be provided on the
joining interface between the ball land and the solder ball 68.
In other words, the electrode pad of the semiconductor chip
56 is electrically coupled to the solder ball 68 through the
bonding wire 61, the interconnection 71a, the through hole
63, and the interconnection 715.

[0054] The solder ball 68 located on the outermost periph-
eral portion when seen in a plane view is located on the
encapsulation resin forming region 64 on the inner side of the
dent 69. In other words, the outermost solder ball 68 is not
formed between the dent 69 and the first edge of the wiring
board 57.

[0055] Moreover, the wiring board 57 includes the through
holes 63. Some of the through holes 63 are located in the
encapsulation resin forming region 64 (the through holes 635
on the lower side in FIG. 4C), and some are located in the
peripheral region 73 (the through holes 63a on the upper side
in FIG. 4C), for example. The through holes 63 include a first
through hole 63a located on the portion in the peripheral
region 73 between the encapsulation resin forming region 64
and the dent 69 when seen in a plane view.

[0056] The wiring board 57 includes the stitches 62 in the
encapsulation resin forming region 64. The interconnection
71a extends from the stitch 62 to the first through hole 63a.
The wiring board 57 further includes a plating wire 65 reach-
ing the first edge of the wiring board 57 from the first through
hole 63a in the peripheral region 73.

[0057] Next, an example of a more specific arrangement of
the interconnection 71a and the projecting portion 23 will be
described.

[0058] As illustrated in FIG. 4C, the interconnection 71a
includes the functional interconnection (the first interconnec-
tion) 66 coupling the stitch 62 to the first through hole 63a,
and the plating wire (the second interconnection) 65 extend-
ing from the first through hole 63a to the outer edge of the
wiring board 57 (the edge of the wiring board 57 when seen
from the top surface). The functional interconnection 66 is an
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interconnection necessary to operate the semiconductor
device, forming a part of a path electrically coupling the
solder ball 68, which is an external terminal, to the electrode
pad of the semiconductor chip 56 (not illustrated in FIG. 4C).
The plating wire 65 is an interconnection to feed power for
plating in forming the metal film described above on the stitch
62 by electroplating. The plating wire 65 is an unnecessary
interconnection after plating.

[0059] In the embodiment, the semiconductor device
includes the functional interconnection 66 not intersecting
with the dent 69 and the plating wire 65 intersecting with the
dent 69. A pressure larger than a pressure in the region con-
tacting the flat portion 60 is applied to the dent 69; the region
is a region deformed by contacting the projecting portion 23
of the upper mold 51. The plating wire 65, which causes no
problem in operating the semiconductor device when dam-
aged (since the plating wire 65 is not used after the plating
process), is disposed in the region, and the functional inter-
connection 66 is disposed only in the region on the inner side
of the plating wire 65. Therefore, a highly reliable semicon-
ductor device can be obtained while effectively using the area
on the wiring board 57.

[0060] Here, in the case of using an encapsulation mold (a
semiconductor device mold) with no projecting portion 23,
interconnections in the entire region contacting the mold in a
semiconductor device are likely to be damaged. Particularly,
in the boundary between the peripheral region 73 and the
encapsulation resin forming region 64, large damage is likely
to be caused because the edge of the recessed portion of the
mold contacts the wiring board 57 in the boundary. When a
functional interconnection passing through the boundary is
damaged, the semiconductor device may not be operated. The
interconnection and the dent 69 are disposed as described
above, so that it is possible to combine the suppression of
burrs with the reliability of the semiconductor device.
[0061] Here, the region surrounded by the dents 69 is
referred to as an effective wiring area. Since the effective
wiring area contacts the flat portion 60, and not the projecting
portion 23, the effective wiring area is a region with a small
possibility of damaging interconnections. Therefore, as the
effective wiring area is widened (as the region of forming the
dent 69 is brought closer to the outer edge of the wiring board
57), higher reliability can be implemented with a smaller
design constraint.

[0062] The dent 69 is transferred and formed by pressing
the projecting portion 23 against the solder resist 72 formed
on a nearly flat shape. In forming the dent 69, fine cracks are
formed on the solder resist 72 depending on the height of the
projecting portion 23, and a part of the conductor might be
exposed. When the conductor is exposed, electrical short
circuits are likely to increase between the adjacent conduc-
tors. Thus, preferably, the projecting portion 23 is pressed
against the solder resist 72 to a degree that does not expose the
conductor.

[0063] FIG.5A is a schematic plan view for describing the
operation and effect of the semiconductor device according to
the embodiment. FIG. 5B is a cross sectional view along a line
5B-5B in FIG. 5A. A gate pattern is formed on the corner on
the upper left (in a location 83 indicated by dotted line) in the
drawing among the four corners of the wiring board 57. Since
a solder resist is not formed on the gate pattern and a metal
film is exposed, the dent 69 is not basically formed on the
corner, but a partial contact mark may be formed. An air vent
is formed on the remaining three corners (in locations 84
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indicated by dotted lines). Since the solder resist is formed on
the air vents, the dents 69 may be formed on the air vents.
However, in the embodiment, the dents 69 are not formed to
secure the release of air in encapsulation.

[0064] All the through holes 63 do not necessarily include
the plating wire 65 in the peripheral region 73. For example,
the plating wire 65 may be formed on the lower surface of the
wiring board (not illustrated), or the plating wire 65 may be
branched from the region closer to the stitch on the inner side
of the through hole, that is, the plating wire 65 may be
branched from the functional interconnection (not illus-
trated).

[0065] Moreover, the number of the conductor layers of the
wiring board 57 is not limited to two layers. The wiring board
57 may have three conductor layers or more. In this case, the
conductor layer the closest to the chip on the wiring board is
a layer including the first interconnection.

[0066] A distance from the dent 69 to a wiring board end 74
is 100 um or more, preferably, 300 um or more. Since the
encapsulation mold is generally heated, the disposed wiring
board 57 is also deformed by heat. In the embodiment, when
the projecting portion 23 is located at a location shifted on the
wiring board 57 (particularly, at the position of the slit on a
processed substrate, described later), it is difficult to suppress
the formation of a thin resin bun 75 (FIG. 6B). However, the
distance is secured, so that the projecting portion 23 can
reliably contact the wiring board 57 even though the wiring
board 57 includes slits.

[0067] The flat portion 60 of the upper mold 51 is provided
with the projecting portion 23 projecting on the wiring board
57 side at a location spaced apart from the cavity 50 in such a
way that the projecting portion 23 extends in an annular shape
surrounding the cavity 50.

[0068] Alternatively, more preferably, the projecting por-
tion 23 is disposed at a location at which the projecting
portion 23 contacts the portion on the outer side of the through
hole 63 on the outermost peripheral portion on the wiring
board 57 (the through hole 63a in FIG. 4C). Also with this
configuration, damage to the functional interconnection 66 in
the effective wiring area, by the projection portion 23, is
suppressed. Here, in principle, the functional interconnection
66 is not disposed on the outer side of the through hole 634 on
the outermost peripheral portion. However, from design con-
straints, some of a plurality of the functional interconnections
66 are partially routed on the outer side of the through hole
63a on the outermost peripheral portion, like the functional
interconnection 66a in FIG. SA.

[0069] Alternatively, preferably, the projecting portion 23
is disposed at a location spaced apart from the recessed por-
tion 53 forming the cavity 50 by 0.5 mm or more. In other
words, preferably, the projecting portion 23 is disposed at a
location on the outer side of the encapsulation resin forming
region 64 illustrated in FIG. 4C by 0.5 mm or more. Also with
this configuration, damage to the functional interconnection
66 in the functional wiring area, by the projecting portion 23,
is suppressed.

[0070] Next, the amount of the projecting portion 23 pro-
jecting from the flat portion 60 will be described.

[0071] The flat portion 60 is sometimes mirror-finished, or
satin-finished. In the case where the flat portion 60 is minor-
finished, the surface roughness of the flat portion 60 (ten point
height of irregularities Rz) is about 1 pum, for example. Pref-
erably, the amount of the projecting portion 23 projecting in
this case is 1 um or more. Moreover, in the case where the flat
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portion 60 is satin-finished, the surface roughness of the flat
portion 60 (ten point height of irregularities Rz) is about 5 to
10 pm, for example. Preferably, the amount of the projecting
portion 23 projecting is 5 um or more. Also in these cases, the
projecting portion 23 can be distinguished because the pro-
jecting portion 23 extends (the projecting portion 23 is
formed continuously). The projecting portion 23 can be
pressed against the wiring board 57 with sufficient force at
least in the region in which the projecting portion 23 is
formed, and resin leakage through the gap between the pro-
jecting portion 23 and the wiring board 57 can be suppressed.
[0072] Preferably, the amount of the projecting portion 23
projecting from the flat portion 60 is lower than the thickness
of'the solder resist on the interconnection on the wiring board
to be encapsulated. Thus, the interconnection is prevented
from being exposed through the solder resist. Moreover, pref-
erably, the amount of the projecting portion 23 projecting is
30 um or less. Thus, the deformation or cracking or the like of
the wiring board 57 can be suppressed.

[0073] It is noted that FIG. 5A illustrates a gate facing
region 83 that is a region facing the gate 59 of the upper mold
51 and an air vent facing region 84 that is a region facing the
air vent 58 of the upper mold 51 by dotted lines.

[0074] FIGS. 6A and B are diagrams for describing a semi-
conductor device according to an exemplary modification.
FIG. 6A is a plan view, and FIG. 6B a cross sectional view
along a line 6B-6B in FIG. 6 A. The only point different from
the other embodiments is in that a thin resin bun 75 is formed;
the thin resin burr 75 extends to the region where a projecting
portion 23 contacts a wiring board 57. The thin resin bun 75
is formed on a peripheral region 73 between a dent 69 and an
encapsulation resin forming region 64, and the thin resin bun
75 is not formed on the peripheral region 73 on the first edge
side of the wiring board 57 on the outer side of the dent 69.
This is because the projecting portion 23, upon contact with
the solder resist 72, forms a resin dam, preventing the resin
from leaking past the projecting portion contact line 76.
[0075] A contacting pressure across the flat portion 60 and
the wiring board 57 is made smaller, so that the semiconduc-
tor device according to the embodiment can be obtained. The
thin resin bun 75 is formed by leaking encapsulation resin 80.
However, the density of a filler including silicon oxide (sili-
con) or the like contained in the encapsulation resin 80 (a filler
area ratio per unit area observed in a given cross section, for
example) is smaller in the thin resin burr 75 than the density
of'the encapsulation resin 80 on the encapsulation resin form-
ing region 64. This is because it is difficult for the filler to
enter the gap between the flat portion 60 and the wiring board
57. Alternatively, the average filler diameter is smaller in the
thin resin bun 75 than in the encapsulation resin 80 on the
encapsulation resin forming region 64.

[0076] A part of the thin resin bun 75 reaches a projecting
portion contact line 76 that is a line at which the projecting
portion 23 contacts the wiring board 57 (corresponding to the
dent 69) when seen in a plane view. In the region, the thin
resin burr 75 includes a linear portion in parallel with the edge
of the wiring board 57.

[0077] In the embodiment, one can reliably suppress the
thin resin bun 75 from extending on the outer side of the
projecting portion contact line 76, while permitting a wide
formation of the thin resin bun 75 on the peripheral region 73
of'the wiring board 57. Since a pressure applied to the region
of the projecting portion 23 can be made smaller than a
pressure in the other embodiments, the wiring board 57 can be
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prevented from damage, even in the case where the thickness
of the solder resist 72 on the conductor is below 20 um, for
example.

[0078] In some embodiments, the dent 69 may not be
formed. Even though the clamping pressure may not form the
dent 69 (a pressure may be absorbed by the elastic deforma-
tion of the solder resist 72), a pressure is concentrated on the
projecting portion contact line 76, so that the thin resin bun 75
can be reliably prevented from extending on the outer side of
the dent 69. Thus, on the wiring board 57, any thin resin burrs
75 extend no further from the encapsulation resin 80 than an
imaginary line (the projecting portion contact line 76) which
extends along and between a long side 64a of the encapsula-
tion resin 80 and the first edge 57a of the wiring board 57.
This is because the projecting portion 23, upon contact with
the solder resist 72 during clamping and encapsulation, forms
a resin dam which prevents the resin from leaking past the
projecting portion contact line 76. It is noted that in the case
where the thin resin burr 75 is too thick, the thin resin burr 75
exhibits a color tone close to the color of the encapsulation
resin 80, and a solid appearance is also changed. Therefore,
the thickness of the thin resin burr 75 is preferably 10 um or
less, more preferably, 5 um or less.

[0079] Next, a method for manufacturing a semiconductor
device according to the embodiment will be described. The
manufacturing method includes the steps of: preparing the
wiring board 57; mounting the semiconductor chip 56 on the
encapsulation resin forming region 64 of the wiring board 57;
clamping the wiring board 57 on which the semiconductor
chip 56 is mounted; and encapsulating the semiconductor
chip 56 with the encapsulation resin 80. The wiring board 57
includes the top surface including the encapsulation resin
forming region 64 and the peripheral region 73 surrounding
the encapsulation resin forming region 64 and the back sur-
face that is a surface on the opposite side of the top surface.
The outline of the wiring board 57 when seen in a plane view
includes the first edge.

[0080] In the step of clamping the wiring board 57, the
wiring board 57 is sandwiched between the lower mold first
mold) 52 and the upper mold (the second mold) 51 which is
disposed to face the lower mold 52 for clamping the wiring
board 57. The upper mold 51 includes the flat portion 60
contacting the peripheral region 73, the recessed portion 53
formed at the location facing the encapsulation resin forming
region 64, and the projecting portion 23 formed at a location
spaced apart from the recessed portion 53 in the flat portion
60, the projecting portion 23 projecting on the lower mold 52
side, and extending along the first edge of the wiring board 57.
[0081] The step of clamping the wiring board 57 includes
the step of disposing the wiring board 57 over the lower mold
52 in such a way that the back surface contacts the lower mold
52, and the step of clamping the wiring board 57 by sand-
wiching the wiring board 57 between the lower mold 52 and
the upper mold 51 and contacting the flat portion 60 and the
projecting portion 23 with the peripheral region 73.

[0082] Inthe step of encapsulating the semiconductor chip
56 with the encapsulation resin 80, a resin is filled in the
recessed portion 53, and the encapsulation resin 80 in the
shape corresponding to the recessed portion 53 is formed on
the encapsulation resin forming region 64. In the following,
the method will be described in detail.

[0083] First, a processed substrate illustrated in FIG. 7 is
prepared. The processed substrate is formed of a plurality of
connected product regions 77 to be the wiring boards 57 of the
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individual semiconductor devices later and a frame portion 78
that surrounds the product region 77 and couples the product
regions 77 to each other. In the case of the corner gate, a gate
pattern 79 to be the gate of each of the product regions 77 is
formed on the top surface (the chip mounting surface) of the
processed substrate from a location corresponding to the cav-
ity to the frame portion 78.

[0084] Subsequently, the semiconductor chip 56 is
mounted on the wiring board 57. Subsequently, the electrode
pad on the top surface of the semiconductor chip 56 (not
illustrated) is wire-bonded to the stitch 62 on the wiring board
57 through the bonding wire 61. More specifically, the stitch
62 to which the tip end of the functional interconnection 66 is
coupled is wire-bonded to the electrode pad on the semicon-
ductor chip 56.

[0085] Subsequently, a structure body thus obtained is
placed on the cavity block 54 of the lower mold 52 in such a
way that the wiring board 57 is on the lower side. The flat
portion 60 of the upper mold 51 is pressed against the top
surface of the wiring board 57, and the wiring board 57 is
clamped (in the state in FIG. 1). Since the processed substrate
has a plurality of the wiring boards 57 (the connected product
regions), the upper mold includes a plurality of separate cavi-
ties corresponding to the wiring boards 57.

[0086] Subsequently, an encapsulation resin is filled in the
cavity 50 through the gate 59 (FIGS. 2 and 3), the resin is then
cured, and the encapsulation resin 80 (see FIG. 5) is formed.
Moreover, the upper mold 51 is separated from the lower
mold 52, and the processed substrate having the encapsula-
tion resin 80 formed on the top surface is taken out between
the upper mold 51 and the lower mold 52.

[0087] Subsequently, the solder ball 68 is formed on the
electrode on the back surface of the wiring board 57. Namely,
after the step of encapsulating the semiconductor chip 56 with
the encapsulation resin 80, a plurality of the solder balls 68 are
formed on the back surface of the wiring board 57. Here, the
solder balls 68 located on the outermost peripheral portion
when seen in a plane view are formed on the portion closer to
the encapsulation resin forming region 64 than to the portion
in which the projecting portion 23 contacts the wiring board
57 in clamping.

[0088] Subsequently, the processed substrate is cut
between the wiring boards 57 and separated into dies, so that
the individual semiconductor devices are obtained. In the step
of separating dies, the wiring boards 57 may be cut and
separated into dies by blade dicing. Alternatively, such a
configuration may be possible in which the processed sub-
strate is prepared in which the processed substrate is formed
with slits in advance along the edges of the wiring boards 57
as a support region is left on the corners of the wiring board
57, and the support region is cut using the molds or the like
after forming the solder balls 68 for separating dies. As
described above, the processed substrate includes the product
regions 77. After forming the solder balls 68 on the back
surface of the wiring board 57, the processed substrate is
separated into dies for the individual product regions 77. As
described above, the semiconductor device according to the
embodiment can be obtained.

[0089] Here, the semiconductor device manufactured by
the manufacturing method according to the embodiment
includes the following characteristic. Namely, since the pro-
jecting portion 23 is pressed against the top surface of the
wiring board 57 in clamping the wiring board 57 using the
upper mold 51 and the lower mold 52, the dents 69 are formed
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on the top surface of the wiring board 57 caused by pressing
the projecting portion 23. It is noted that preferably, the solder
balls 68 are formed only on the inner side of the dents 69.
[0090] Itis noted that the manufacturing method according
to the embodiment does not aim to suppress resin leakage on
the surface of the wiring board 57 on the inner side of the
portion in which the projecting portion 23 contacts the wiring
board 57 (on the encapsulation resin 80 side). Therefore, a
resin leaks into the gap between the wiring board 57 and the
flat portion 60 on the inner side of the portion in which the
projecting portion 23 contacts the wiring board 57, and as a
result, a resin thin film (the thin resin burr 75) is sometimes
formed on the surface of the wiring board 57. However, the
thin resin burr 75 is prevented from forming on the outer side
of'the portion in which the projecting portion 23 contacts the
surface of the wiring board 57. In other words, the thin resin
burr 75 can exist on the inner side of the boundary at the
location at which the dent 69 is formed, but is prevented from
forming on the outer side of the boundary. Such a configura-
tion may be possible in which in the step of encapsulating the
semiconductor chip 56 with the encapsulation resin 80, the
thin resin burr 75 is formed on the peripheral region 73
between the projecting portion 23 and the encapsulation resin
forming region 64, but is not formed on the peripheral region
73 between the first edge of the wiring board 57 and the
projecting portion 23.

[0091] The semiconductor device according to the embodi-
ment includes the wiring board 57, the semiconductor chip 56
mounted on the wiring board 57, and the encapsulation resin
80 provided on the wiring board 57 so as to cover the semi-
conductor chip 56. The wiring board 57 is formed with the
dents 69 extending in an annular shape surrounding the
encapsulation resin 80; the dent 69 is formed at a location
spaced apart from the encapsulation resin 80. Each dent 69
satisfies at least one of the following first to third conditions.
1) The dent 69 is formed on the outer side of the functional
wiring area on the wiring board 57.

2) The dent 69 is formed on the outer side of the through hole
63 (63a) on the outermost peripheral portion on the wiring
board 57.

3) The thin resin bun 75 exists on the encapsulation resin 80
side of the wiring board 57 on the inner side of the dent 69,
and the thin resin burr 75 does not exist on the wiring board 57
on the outer side of the dent 69.

[0092] According to the first embodiment as described
above, the flat portion 60 of the upper mold 51 is provided
with the projecting portion 23 projecting on the wiring board
57 side in such a way that the projecting portion 23 extends in
an annular shape surrounding the cavity 50. Therefore, since
the projecting portion 23 is pressed against the surface of the
wiring board 57 in clamping, resin leakage is suppressed to
the outer side beyond the portion in which the projecting
portion 23 contacts the wiring board 57. In addition to this,
since the projecting portion 23 is provided at a location
spaced apart from the cavity 50, damage to the functional
wiring area of the wiring board 57, by the projecting portion
23, is suppressed. In short, it is possible to combine the
suppression of resin leakage with the suppression of damage
to the functional wiring area of the wiring board 57 in forming
the encapsulation resin 80. It is noted that since the functional
interconnection 66 does not exist other than in the functional
wiring area, it is unnecessary to consider faulty electrical
characteristics caused by the breakage of electric wires even
through cracks are formed on the wiring board 57. It is noted
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that since the projecting portion 23 is provided on the flat
portion 60 of the upper mold 51, it is unnecessary to provide
any moving mechanisms to move the projecting portion 23
other than moving mechanisms that move the upper mold 51
relative to the lower mold 52.

[0093] If the projecting portion 23 is disposed adjacent to
the encapsulation resin forming region 64 (i.e., not spaced
apart therefrom), the projecting portion 23 contacts the wiring
board 57 at least on the cavity 50 side of the projecting portion
23, and there is no component to press the wiring board 57, so
that a pressure is concentrated on the region of the projecting
portion 23, and the interconnection is prone to be damaged. In
the embodiment, the flat portion 60 contacting the wiring
board 57 is provided between the cavity 50 and the projecting
portion 23, so that this problem can be solved. Moreover,
since the region on which a pressure is concentrated can be
disposed on the peripheral portion of the wiring board 57,
such a semiconductor device can be obtained in which the
functional interconnection 66 is unlikely to be damaged. The
encapsulation resin is not formed in the region in which the
flat portion 60 contacts the wiring board 57 between the
cavity 50 and the projecting portion 23. In other words, it is
possible to obtain a semiconductor device that combines the
suppression of resin leakage with the suppression of damage
to the substrate because the semiconductor device includes
the encapsulation resin forming region 64 (the cavity 50), the
region with no encapsulation resin (the flat portion 60), and
the dent 69, formed in this order.

[0094] Moreover, the wiring board 57 includes the base
substrate 70 formed with the through holes 63, the intercon-
nection 71a formed on the base substrate 70 and on the top
surface side, and the solder resist 72 formed on the intercon-
nection 71a. The dents 69 are formed on the solder resist 72.
The through holes 63 include the first through hole 63a
located in the peripheral region 73 and on the encapsulation
resin forming region 64 side on the inner side of the dent 69
when seen in a plane view. Thus, the through holes 63 can be
disposed in the functional wiring area, and the design con-
straint of the wiring board 57 can be made smaller as well as
the reliability of the semiconductor device can be improved.
[0095] Furthermore, since the depth of the dent 69 is shal-
lower than the thickness of the solder resist 72 over the inter-
connection 71a, such a semiconductor device can be obtained
in the structure in which damage to the interconnection 71a is
suppressed.

[0096] In addition, the wiring board 57 includes the stitch
62 in the encapsulation resin forming region 64. The inter-
connection 715 extends from the stitch 62 to the first through
hole. The wiring board 57 further includes the plating wire 65
reaching the first edge of the wiring board 57 from the first
through hole in the peripheral region 73. In other words, the
interconnection 71a (the functional interconnection) extends
on the inner side of the region on the wiring board 57 in which
the projecting portion 23 contacts the wiring board 57, and the
plating wire 65 is disposed as crossing the region on the
wiring board 57 in which the projecting portion 23 contacts
the wiring board 57; the plating wire 65 does not directly
affect the operation of the semiconductor device when the
plating wire 65 is damaged. Thus, the design constraint of the
wiring board 57 can be made smaller as well as the reliability
of the semiconductor device can be improved.

[0097] Moreover, the encapsulation resin forming region
64 is an octagon alternately having a long side 64a and an
angled short side 645, in which the first long side of the
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octagon and the first edge 57a of the wiring board 57 are
located on the same side relative to the encapsulation resin
forming region 64 and are in parallel with each other when
seen in a plane view. The dent 69 and the first long side 64a
extend in parallel with each other. In other words, the dent 69
linearly extends along the outer edge 574 of the wiring board
57. Thus, the region in which the dent 69 is formed can be
limited to a narrow region on the outermost peripheral portion
of the wiring board 57. This means that the dent 69 can be
formed in a region at which a distance from the first edge 574
is constant, and the dent 69 need not reach the through hole
63. Furthermore, since a distance from the long side 64a of
the encapsulation resin forming region 64 to the outer edge
57a of the wiring board 57 is shorter than a distance from the
angled short side 64a of the encapsulation resin forming
region 64 to the end portion of the wiring board 57, the thin
resin bun 75 is prone to reach the end portion of the wiring
board 57 even in the case where a thin resin burr 75 of the
same length is formed. And if the thin resin burr 75 reaches
the end portion of the wiring board, it is more likely to fall or
break during the manufacturing process steps, leading to
complications.

[0098] In addition, on the wiring board 57 formed with
slits, when the thin resin bun 75 reaches the lower mold 52, it
is likely that the thin resin burr 75 is formed on the back
surface of the wiring board 57, or the function of the lower
mold 52 is impaired. In the embodiment, these problems can
be suppressed.

[0099] Moreover, the dent 69 extends in parallel with the
first edge. This has advantages in that a wider functional
wiring area can be secured, and also the same mold can be
shared between a plurality of products.

[0100] Furthermore, a first distance between the first long
side 64a of the encapsulation resin forming region 64 and the
dent 69 is longer than a second distance between the first edge
57a of the wiring board 57 and the dent 69. Thus, since the
dent 69 is formed close to the first edge 57a of the wiring
board 57 (the outer edge), the possibility of damaging the
functional interconnection 66 can be reduced, and a wide
functional wiring area can be secured.

[0101] In addition, on the wiring board 57, the region in
which the dent 69 is not formed exists in at least a part of the
region corresponding to the angled short side 645 of the
encapsulation resin forming region 64. Thus, even though the
gate 59, the air vent 58, and the like are formed on the angled
short side of the encapsulation resin forming region 64, the
flowability of a resin air can be secured.

[0102] Moreover, the semiconductor device includes the
solder balls 68. The solder balls 68 located on the outermost
peripheral portion when seen in a plane view are located on
the encapsulation resin forming region 64 side on the inner
side of the dent 69. Thus, since the dent 69 is formed close to
the first edge 57a of the wiring board 57 (the outer edge), the
possibility of damaging the functional interconnection 66 can
be reduced, and a wide functional wiring area can be secured.

[0103] It is noted that preferably, the length of the project-
ing portion 23 is ten times the width (the thickness) of the
projecting portion 23, or more. Thus, the functional wiring
area can be secured as wide as possible, and the effect of
concentrating a pressure on the projecting portion 23 can be
obtained. When the projecting portion 23 is too thick, the
effect of concentrating a pressure is not obtained. Further-
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more, preferably, the length of the projecting portion 23 is
longer than the length of the long side of the encapsulation
resin forming region 64.

Second Embodiment

[0104] FIG. 8is a cross sectional view of a second mold of
a semiconductor device mold according to a second embodi-
ment (an upper mold 51, for example).

[0105] In the first embodiment, an example is described in
which the entire upper mold 51 including the projecting por-
tion 23 is formed integrally with a metal, to have unitary
one-piece construction.

[0106] On the contrary, in the second embodiment, as illus-
trated in FIG. 8, a projecting portion 23 includes a material
having a modulus of elasticity smaller than the modulus of
elasticity of an upper mold 51, and mounted on a flat portion
60. It is noted that in the case of the second embodiment, it is
unnecessary for the projecting portion 23 to be spaced apart
from the cavity 50, and so the projecting portion 23 may be
disposed at a location adjacent to the cavity 50.

[0107] The projecting portion 23 is formed of an O-ring, for
example, and fit into a mounting recessed portion 81 formed
on the lower surface of the flat portion 60 of the upper mold
51, and fixed to the mounting recessed portion 81. It is noted
that such a configuration may be possible in which the pro-
jecting portion 23 is formed flat on the flat portion 60 side, for
example, (the projecting portion 23 is formed in a semicircu-
lar shape in the cross section, for example), and bonded to the
flat portion 60.

[0108] Here, a material having the lowest modulus of elas-
ticity among materials forming the wiring board 57 is a solder
resist 72. Since the modulus of elasticity of the solder resist 72
is at 2 to 5 GPa at a temperature of 25° C., preferably, the
projecting portion 23 includes a material having a modulus of
elasticity lower than the modulus of elasticity of the solder
resist 72. More specifically, preferably, the modulus of elas-
ticity of the projecting portion 23 is 1 GPa or less. Moreover,
the projecting portion 23 has heat-resisting properties such
that the projecting portion 23 does not melt due to the heat
associated with filling a resin. More specifically, the project-
ing portion 23 can include polyimide, silicone rubber, or
fluorine rubber, for example.

[0109] Furthermore, preferably, the projecting portion 23 is
attachable/detachable to/from the mounting recessed portion
81. Thus, projecting portions 23 in different projecting
amounts can be mounted according to the type or the like of
a semiconductor device to be manufactured. It is noted that in
order to mount the projecting portion 23 in different project-
ing amounts on the mounting recessed portion 81 in the same
shape, such a configuration is named, for example, in which a
projecting portion 23 in a circular shape in the cross section
with a relatively small projecting amount and a projecting
portion 23 in a long circular (e.g., oval) shape in the cross
section with a relatively large projecting amount are mounted.
[0110] According to the second embodiment as described
above, the effect similar to the effect of the first embodiment
can be obtained. It is noted that in the case of the second
embodiment, in clamping, the projecting portion 23 is
deformed to absorb micro projections and depressions on the
surface of the wiring board 57 rather than deforming the
wiring board 57, so that resin leakage and the cracking or the
like of the wiring board 57 can be suppressed. Moreover, in
the case of the second embodiment, it is unnecessary for the
projecting portion 23 to be spaced apart from the cavity 50,

Oct. 3,2013

and so the projecting portion 23 can be disposed in the func-
tional wiring area, so that the functional wiring area of the
wiring board 57 can be increased as compared with the first
embodiment.

Third Embodiment

[0111] FIG.9A isacrosssectional view of a second mold of
a semiconductor device mold according to a third embodi-
ment (an upper mold 51, for example), and FIG. 9B is an
enlarged diagram of a portion 9B in FIG. 9A.

[0112] Inthe second embodiment, an example is described
in which only the projecting portion 23 is a member separate
from the upper mold 51. In the third embodiment, a projecting
portion 23 is mounted on the upper mold 51 through a mount-
ing base member 90. Here, preferably, the mounting base
member 90 is attachable/detachable to/from the upper mold
51.

[0113] The mounting base member 90 is rectangular in the
cross section, for example, and the plane form is a rectangular
frame, for example. The mounting base member 90 is
mounted on a recessed portion 82 formed on the upper mold
51.

[0114] The lower surface of the mounting base member 90
may be located above a flat portion 60 (the example in FIG.
9A), or may be below the flat portion 60. However, in any
case, the projecting portion 23 projects below the flat portion
60. The amount of the projecting portion 23 projecting from
the flat portion 60 can be adjusted by disposing a shim (a
spacer) having an appropriate thickness between the recessed
portion 82 and the mounting base member 90.

[0115] As illustrated in FIG. 9B, in the upper mold 51, the
portion of the mounting base member 90 around the project-
ing portion 23 may be one step lower than the projecting
portion 23, but this portion contacts a wiring board 57 during
clamping.

[0116] The method of fixing the mounting base member 90
to the upper mold 51 is not limited particularly. For example,
the mounting base member 90 is fixed to the upper mold 51
using a fixing member such as a bolt, or by press fitting.
[0117] According to the third embodiment as described
above, the effect similar to the effect of the second embodi-
ment can be obtained. Moreover, the mounting base member
90 is selected to adjust the amount that the projecting portion
23 projects.

[0118] In the embodiments, an example is described in
which the projecting portion 23 has a circular shape in the
cross section (the shape of the portion which projects has a
semicircular shape in the cross section). However, the cross
sectional shape of the projecting portion 23 may be have some
other shape, such as an ellipse, a long circle (oval), a trap-
ezoid, a triangle, a quadrilateral, or other polygon.

[0119] Furthermore, in the embodiments, an example is
described in which the projecting portion 23 is disposed in a
continuous annular shape on the portion other than the loca-
tion at which the air vent 58 is formed. However, the project-
ing portion 23 is not necessarily disposed continuously on the
portion other than the location at which the air vent 58 is
formed. For example, the projecting portion 23 may include
intermitted blanks along its length in the plane view of the
extending direction.

[0120] In addition, in the embodiments, an example is
described in which the projecting portion 23 is disposed in a
single annular shape. The projecting portion 23 may be dis-
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posed so as to surround the cavity 50 in a multiple-annular
shape, i.e., through a plurality of concentric annular shapes in
the plane view.

[0121] Moreover, in the second and third embodiments, an
example is described in which the entire projecting portion 23
is formed of a material having a modulus of elasticity smaller
than the modulus of elasticity of the upper mold 51. However,
such a configuration may be possible in which a material
having a modulus of elasticity smaller than the modulus of
elasticity of the upper mold 51 is applied on the front layer of
the projecting portion 23 formed as a part of the upper mold
51 as similar to the first embodiment, so that the modulus of
elasticity of (the front layer of) the projecting portion 23 is
made smaller than the modulus of elasticity of the upper mold
51.

[0122] Furthermore, in the embodiments, an example is
described in which the upper mold 51 is formed with the
recessed portion 53 and the flat portion 60, and the flat portion
60 is provided with the projecting portion 23. However, the
configuration of the upper mold 51 and the configuration of
the lower mold 52 switched with each other. Namely, the
upper mold 51 may be the first mold, and the lower mold 52
may be the second mold. In addition, in the embodiments, an
example of wire coupling is shown. A so-called flip coupling
is possible in which a bump formed on the surface of a
semiconductor chip is coupled to a wiring board through
solder.

[0123] Itis noted that the above embodiments disclose the
following aspects, which aspects are described through a
plurality of additional paragraphs.

Additional Paragraph 1

[0124] A semiconductor device mold includes: a first mold
contacting the back surface of a wiring board on which a
semiconductor chip is mounted in clamping; and a second
mold facing the first mold. The second mold includes: a
recessed portion forming a cavity surrounding the semicon-
ductor chip in the clamping; and a flat portion contacting the
surface of the wiring board on a portion around the cavity in
the clamping. The flat portion is provided with a projecting
portion projecting on the wiring board side at a location
spaced apart from the cavity so that the projecting portion
extends in an annular shape surrounding the portion around
the cavity.

Additional Paragraph 2

[0125] The semiconductor device mold according to addi-
tional Paragraph 1, in which the projecting portion is disposed
atalocation at which the projecting portion contacts a portion
on the outer side of a functional wiring area over the wiring
board.

Additional Paragraph 3

[0126] The semiconductor device mold according to addi-
tional Paragraph 1 or 2, in which the projecting portion is
disposed at a location at which the projecting portion contacts
aportion on the outer side of a through hole on the outermost
peripheral portion over the wiring board.

Additional Paragraph 4

[0127] The semiconductor device mold according to any
one of additional Paragraphs 1 to 3, in which the projecting
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portion is disposed at a location spaced apart from the
recessed portion by 0.5 mm or more.

Additional Paragraph 5

[0128] The semiconductor device mold according to any
one of additional Paragraphs 1 to 4, in which the projecting
portion is formed integrally with the first mold.

Additional Paragraph 6

[0129] The semiconductor device mold according to any
one of additional Paragraphs 1 to 5, in which the projecting
portion is formed of a material having the modulus of elas-
ticity smaller than the modulus of elasticity of the first mold,
and the projecting portion is mounted on the flat portion.

Additional Paragraph 7

[0130] A semiconductor device mold includes: a first mold
contacting the back surface of a wiring board on which a
semiconductor chip is mounted in clamping; and a second
mold facing the first mold. The second mold includes: a
recessed portion forming a cavity surrounding the semicon-
ductor chip in the clamping; and a flat portion contacting the
surface of the wiring board on the portion around the cavity in
the clamping. The flat portion is mounted with a projecting
portion formed of a material having the modulus of elasticity
smaller than the modulus of elasticity of the first mold, the
projecting portion projecting on the wiring board side so that
the projecting portion extends in an annular shape surround-
ing the portion around the cavity.

Additional Paragraph 8

[0131] The semiconductor device mold according to addi-
tional Paragraph 6 or 7, in which the projecting portion is
attachable/detachable to/from the flat portion.

Additional Paragraph 9

[0132] The semiconductor device mold according to any
one of additional Paragraphs 6 to 8, in which the modulus of
elasticity of the projecting portion is 1 GPa or less.

Additional Paragraph 10

[0133] The semiconductor device mold according to any
one of additional Paragraphs 1 to 9, in which the flat portion
is mirror-finished, and the amount of the projecting portion
projecting is 1 um or more.

Additional Paragraph 11

[0134] The semiconductor device mold according to any
one of additional Paragraphs 1 to 9, in which the flat portion
is satin-finished, and the amount of the projecting portion
projecting is 5 um or more.

Additional Paragraph 12

[0135] The semiconductor device mold according to any
one of additional Paragraphs 1 to 11, in which the amount of
the projecting portion projecting is 30 um or less.

Additional Paragraph 13

[0136] The semiconductor device mold according to any
one of additional Paragraphs 1 to 12, in which the projecting
portion is disposed in a multiple-annular shape.
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What is claimed is:
1. A method for manufacturing a semiconductor device
comprising the steps of:
preparing a wiring board having opposite first and second
surfaces, the first surface including a first region and a
second region surrounding the first region, the wiring
board when seen in a plane view including a first edge;
mounting a semiconductor device over the first region;
clamping the wiring board having the semiconductor
device mounted thereover with a first mold and a second
mold facing the first mold; and
encapsulating the clamped semiconductor device over the
wiring board with an encapsulation resin,
wherein the second mold includes: a flat portion contacting
the second region, a recessed portion formed at a loca-
tion facing the first region, and a projecting portion
formed at a location spaced apart from the recessed
portion on the flat portion, the projecting portion pro-
jecting on the first mold side, and extending along the
first edge;
wherein the step of clamping the wiring board includes the
steps of:
disposing the wiring board over the first mold so that the
second surface contacts the first mold; and
contacting the flat portion and the projecting portion of
the second mold with the second region of the wiring
board; and
wherein in the step of encapsulating the semiconductor
device with the encapsulation resin, the resin is intro-
duced into the recessed portion and forms a shape cor-
responding to the recessed portion over the first region,
with the projecting portion of the second mold serving as
a resin dam.
2. The method for manufacturing a semiconductor device
according to claim 1,
wherein the wiring board includes:
abase substrate formed with a plurality of through holes;
a first interconnection formed over the base substrate on
the first surface side; and
a first insulating film formed over the first interconnec-
tion;
wherein the through holes include a first through hole
located in the second region and on the first region side
on an inner side of the projecting portion when seen in a
plane view; and
wherein, in the clamping step, the projecting portion
presses the first insulating film and forms a dent on the
first insulating film.
3. The method for manufacturing a semiconductor device
according to claim 2,
wherein a height of the projecting portion projecting from
the flat portion is shorter than a thickness of the first
insulating film over the first interconnection.
4. The method for manufacturing a semiconductor device
according to claim 2,
wherein the wiring board includes a first electrode terminal
in the first region;
wherein the first interconnection extends from the first
electrode terminal to the first through hole; and
wherein the wiring board further includes a second inter-
connection in the second region, the second intercon-
nection reaching the first edge from the first through
hole.
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5. The method for manufacturing a semiconductor device
according to claim 1,

wherein the first region is an octagon having long sides
alternating with short sides;

wherein when seen in a plane view, a first long side of the
octagon and the first edge of the wiring board are parallel
to each other and located on a same side relative to the
recessed portion; and

wherein the projecting portion and the first long side extend
in parallel with each other.

6. The method for manufacturing a semiconductor device

according to claim 5,

wherein a first distance between the first long side and the
projecting portion is longer than a second distance
between the first edge and the projecting portion.

7. The method for manufacturing a semiconductor device

according to claim 5,

wherein in the second mold, the projecting portion is not
formed in at least a part of a region facing the short side
of the first region.

8. The method for manufacturing a semiconductor device

according to claim 1, comprising:

forming a plurality of external terminals on the second
surface, after the step of encapsulating the semiconduc-
tor device with the encapsulation resin.

9. The method for manufacturing a semiconductor device

according to claim 8,

wherein when seen in a plane view, the external terminal
located on an outermost peripheral portion of the second
surface is formed in the first region on an inner side of'a
portion where the projecting portion contacts the wiring
board in during the clamping step.

10. The method for manufacturing a semiconductor device

according to claim 8,

wherein the wiring board includes a plurality of connected
product regions; and

wherein after the step of forming a plurality of external
terminals on the second surface, the wiring board is
separated into individual product regions.

11. The method for manufacturing a semiconductor device

according to claim 1,

wherein in the step of encapsulating the semiconductor
device with the encapsulation resin, a thin resin burr is
formed over the second region between the projecting
portion and the first region, the thin resin burr not being
formed over the second region on the first edge side of
the projecting portion.

12. A semiconductor device comprising:

a wiring board having opposite first and second surfaces,
the first surface including a first region and a second
region surrounding the first region, the wiring board
when seen in a plane view including a first edge;

a semiconductor device mounted over the first region;

an encapsulation resin formed over the first region and
encapsulating the semiconductor device, the encapsula-
tion resin not being formed over the second region;

an external terminal formed on the second surface; and

a dent formed in the second region at a location spaced
apart from the first region, the dent extending along the
first edge.
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13. The semiconductor device according to claim 12,

wherein the wiring board includes:
abase substrate formed with a plurality of through holes;
a first interconnection formed over the base substrate on

the first surface side; and
a first insulating film formed over the first interconnec-
tion;

wherein the dent is formed on the first insulating film; and

wherein the through holes include a first through hole
located in the second region and on the first region side
on an inner side of the dent, when seen in a plane view.

14. The semiconductor device according to claim 13,

wherein a depth of the dent is shallower than a thickness of
the first insulating film over the first interconnection.

15. The semiconductor device according to claim 13,

wherein the wiring board includes a first electrode terminal
in the first region;

wherein the first interconnection extends from the first
electrode terminal to the first through hole; and

wherein the wiring board further includes a second inter-
connection in the second region, the second intercon-
nection reaching the first edge from the first through
hole.

16. The semiconductor device according to claim 12,

wherein the first region is an octagon comprising long sides
alternating with short sides;

wherein when seen in a plane view, a first long side of the
octagon and the first edge of the wiring board are parallel
to each other and located on a same side relative to the
first region; and

wherein the dent and the first long side extend in parallel
with each other.

17. The semiconductor device according to claim 16,

wherein a first distance between the first long side and the
dent is longer than a second distance between the first
edge and the dent.

18. The semiconductor device according to claim 16,

wherein the dent is not formed in at least a part of a region
proximate to the short side of the first region.

19. The semiconductor device according to claim 12,

wherein when seen in a plane view, the external terminal
located on an outermost peripheral portion of the second
surface is still located in the first region on an inner side
of the dent.

20. The semiconductor device according to claim 12,

wherein the dent is formed by transferring a projecting
portion of a resin encapsulation mold for use in encap-
sulating the encapsulation resin, the projecting portion
being formed on a surface of the mold contacting the
wiring board.
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21. The semiconductor device according to claim 12,

wherein a thin resin burr is formed over the second region
between the dent and the first region, but not formed over
the second region on the first edge side of the dent.

22. A semiconductor device comprising:

a wiring board having opposite first and second surfaces,
the first surface including a first region and a second
region surrounding the first region, the wiring board
when seen in a plane view including a first edge;

a semiconductor device mounted over the first region;

an encapsulation resin formed over the first region and
encapsulating the semiconductor device, the encapsula-
tion resin not being formed over the second region;

an external terminal formed on the second surface; and

one or more resin burrs extending over the second region,
in a direction of the first edge of the wiring board from
the encapsulation resin, the one or more resin burrs
extending no further than an imaginary line which
extends along and between a long side of the encapsu-
lation resin and the first edge of the wiring board.

23. The semiconductor device according to claim 22,

wherein the wiring board includes:

a base substrate formed with a plurality of through holes,
including a first through hole located in the second
region on an inner side of the imaginary line;

a first electrode terminal in the first region;

a first interconnection formed over the base substrate on the
first surface side, the first interconnection extending
from the first electrode terminal to the first through hole;
and

a second interconnection in the second region, the second
interconnection reaching the first edge from the first
through hole.

24. The semiconductor device according to claim 22,

wherein the first region is an octagon comprising long sides
alternating with short sides;

wherein when seen in a plane view, a first long side of the
octagon and the first edge of the wiring board are parallel
to each other and located on a same side relative to the
first region; and

wherein the imaginary line and the first long side extend in
parallel with each other.

25. The semiconductor device according to claim 24,

wherein a first distance between the first long side and the
imaginary line is longer than a second distance between
the first edge and the imaginary line.

26. The semiconductor device according to claim 22,

wherein when seen in a plane view, an external terminal
located on an outermost peripheral portion is still
located in the first region.

#* #* #* #* #*



