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DESCRIPTION

Title of Invention

METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE
AND COLLET

Technical Field

[0001] The present disclosure relates to a method of manufacturing a
semiconductor device and a collet used therein. Note that the collet is a
tool used for picking up and compressing a semiconductor element in a
manufacturing process of the semiconductor device.

Background Art

[0002] With increasing functionality of electronic devices, stacked
MCPs (Multi Chip Package) having high capacity by stacking
semiconductor elements in multiple stages have become widespread. A
film-shaped adhesive is widely used as a die-bonding adhesive for
mounting a semiconductor element. An example of a multi-stage
stacked package using the film-shaped adhesive is a wire-embedded
package, which is applied to, for example, a memory package for a
mobile phone or a portable audio device. The following semiconductor
element is stacked using the film-shaped adhesive having a relatively
high fluidity so that a wire connected to the semiconductor element is
favorably embedded in the film-shaped adhesive.

[0003] In recent years, it has been emphasized to speed up the operation
of the wire-embedded package. Conventionally, a controller chip for
controlling the operation of a semiconductor device has been disposed in

an uppermost stage of stacked semiconductor elements. However, to
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implement high-speed operation, a packaging technology for a
semiconductor device in which a controller chip is disposed in a
lowermost stage has been developed. As one form of such a package, a
package in which a film-shaped adhesive used for compressing a second-
stage semiconductor element among semiconductor elements stacked in
multiple stages is thickened and a controller chip is embedded inside the
film-shaped adhesive has been attracting attention. The film-shaped
adhesive used for such applications is required to have high fluidity to be
able to embed a step caused by unevenness of the controller chip, a wire
connected to the controller chip, and a surface of a substrate. Patent
Literature 1 discloses an adhesive sheet having a highly fluid adhesive
layer. Patent Literature 2 discloses a method of manufacturing a
semiconductor device using a film-shaped adhesive having low elasticity
and low glass transition temperature after curing. According to this
film-shaped adhesive, it is considered that even when a thin
semiconductor element is used, warping of the semiconductor device can
be suppressed, and excellent connection reliability can be obtained.
Citation List
Patent Literature
[0004] Patent Literature 1: International Publication WO 2005/103180
Patent Literature 2: Japanese Patent No. 6135202
Summary of Invention
Technical Problem
[0005] Incidentally, with further miniaturization and thinning, multi-
functionality, and high speed of the controller chip-embedded

semiconductor device, the area of the controller chip tends to increase and
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the area of the second-stage semiconductor element tends to decrease.
That is, the area occupied by the controller chip for the second-stage
semiconductor element tends to increase. Further, there is a tendency
that the second-stage semiconductor element is required to be further
thinned, and the film-shaped adhesive in which the controller chip is
embedded is also required to be thinned. In response to these trends, the
following problems have become more prominent when manufacturing a
package, especially when compressing a film for embedding a controller
chip.

Voids remain around the controller chip after compressing
(generation of voids).

Resin protrudes from the second-stage semiconductor element
onto the substrate (occurrence of bleeding).

The second-stage semiconductor element warps due to
insufficient removal of the resin on the controller chip (occurrence of
bowing).

[0006] Some voids can be eliminated by a pressure curing process after
compressing. However, the voids may not be eliminated when the voids
are excessively large. Voids can cause peeling between the chip and the
substrate or cracking of the package during reflow. Bleeding can
contaminate a surrounding wire bonding pad or chip and cause
deterioration of a wire bonding property. Bowing can make multi-stage
stacking of chips difficult, and can cause the semiconductor element to
peel off due to residual stress. Therefore, in a manufacturing process of
the controller chip-embedded package, there is a strong demand for

reduction of voids, bleeding and bowing after film compressing.
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[0007] To solve these problems, various improvements have been made
in terms of composition to control the fluidity of the film-shaped
adhesive. However, bleeding tends to increase when the film is made
highly fluid to reduce voids and bowing after compressing. On the other
hand, when the film is made low in fluidity and bleeding is reduced, voids
and bowing increase. = As described above, there is a trade-off
relationship between voids and bowing and bleeding, and it is becoming
difficult to improve these problems only by improving the materials.
Further, even when a process condition such as a compressing
temperature or a compressing load is changed, for example, in high
temperature and high load compressing, while the voids tend to decrease,
the bleeding tends to increase, and it is difficult to improve the above
problems at the same time.

[0008] The present disclosure has been made in view of the above
circumstances, and provides a method of manufacturing a semiconductor
device and a collet used therein, wherein the method is capable of
reducing all of voids, bleeding, and bowing to a high level after a step of
compressing a second-stage chip to embed a first-stage chip (for example,
a controller chip) in a film-shaped adhesive.

Solution to Problem

[0009] A method of manufacturing a semiconductor device according to
an aspect of the present disclosure comprises (A) mounting a first chip on
a substrate, (B) attaching a wafer to an adhesive layer of a dicing/die-
bonding integrated film comprising a base film, a pressure-sensitive
adhesive layer, and the adhesive layer in order, (C) singulating the wafer

to obtain a plurality of second chips, (D) picking up an adhesive-attached
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chip by using a collet, the adhesive-attached chip comprising the second
chip and an adhesive piece obtained by singulating the adhesive layer,
and (E) compressing the adhesive-attached chip onto the substrate so that
the first chip is embedded in the adhesive piece. The collet used in the
step (E) comprises a main body having a first pressing surface to which a
pressing force from a compressing device is directly transmitted and a
projecting portion having a second pressing surface provided along an
outer circumference of the first pressing surface, the first pressing surface
and the second pressing surface forming a holding surface for holding the
adhesive-attached chip.

[0010] The present inventors focused on the collet used for compressing
the second chip, and examined a reduction of voids, bleeding, and
bowing. The present inventors have prototyped collets of various
shapes, and have searched for a mode of a collet that can reduce all of
voids, bleeding, and bowing to a high level. As a result, as described
above, by forming the holding surface for the adhesive-attached chip by
the first pressing surface of the main body and the second pressing surface
of the projecting portion, the pressing force applied from the second
pressing surface to a peripheral edge of the adhesive-attached chip can be
relatively weakened. As a result, it was found that all of voids, bleeds
and bowing can be reduced in a well-balanced manner. FIG. 1A and
FIG. 1B are schematic cross-sectional views illustrating strength of a
pressing force when compressing is performed using a collet by a size of
an arrow. While a collet 10 illustrated in FIG. 1A has a main body 1 and
a projecting portion 2, a collet 20 illustrated in FIG. 1B is a conventional

collet not having a projecting portion. FIG. 1A illustrates a state in
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which occurrence of voids, bleeding, and bowing is sufficiently
suppressed. On the other hand, FIG. 1B illustrates a state in which voids
V, bleeding B, and bowing (warping of a second chip T2) occur.

[0011] It is preferable that an area of the first pressing surface is larger
than an area of the first chip in a plan view and smaller than an area of
the second chip in a plan view. From a viewpoint of reducing all of
voids, bleeding, and bowing to a higher level, for example, the area of the
first pressing surface is 20% to 90% of the area of the second chip in the
plan view. From a similar viewpoint, it is preferable that the collet is
made of a material having a shore A hardness of 30 to 95. For example,
a thickness of the projecting portion may be 0.5 mm to 3.0 mm.

[0012] The collet may be used or does not have to be used for pick-up in
the step (D). When the collet is not used for pick-up in the step (D), for
example, the adhesive-attached chip may be picked up by another collet
and then conveyed to an intermediate stage, and the adhesive-attached
chip on the intermediate stage may be picked up by the collet and
compressed to cover the first chip.

[0013] In the present disclosure, a thickness of the adhesive piece is 60
to 150 um. When the thickness of the adhesive piece is 150 um or less,
bleeding can be reduced to a higher degree. A temperature at which a
shear viscosity of the adhesive piece is 5000 Pa-s or less is, for example,
60to 150°C. When this temperature is 150°C or less, the adhesive piece
becomes highly fluid without excessive heating in a compressing step,
and both voids and bowing can be reduced to a higher degree.
Advantageous Effects of Invention

[0014] According to the present disclosure, there are provided a method
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of manufacturing a semiconductor device and a collet used therein,
wherein the method is capable of reducing all of voids, bleeding, and
bowing to a high level after a step of compressing a second-stage
semiconductor element to embed the first-stage semiconductor element
(for example, a controller chip) in a film-shaped adhesive.

Brief Description of Drawings

[0015] FIG. 1A and FIG. 1B are schematic cross-sectional views
illustrating strength of a pressing force when compressing is performed
using a collet by a size of an arrow, FIG. 1A illustrates a case where a
collet having a projecting portion is used, and FIG. 1B illustrates a case
where a collet not having a projecting portion is used.

FIG. 2 is a perspective view of the collet illustrated in FIG. 1A.

FIG. 3A is a cross-sectional view taken along the line III-III of
FIG. 2, and FIG. 3B is a bottom view of the collet illustrated in FIG. 1A.

FIG. 4A and FIG. 4B are schematic cross-sectional views, each
of which illustrates a modification of the collet illustrated in FIG. 1A.

FIG. 5A and FIG. 5B are bottom views, each of which illustrates
a modification of the collet illustrated in FIG. 1A.

FIG. 6A and FIG. 6B are bottom views illustrating the
modifications of the collet illustrated in FIG. 5A and FIG. 5B,
respectively.

FIG. 7 is a cross-sectional view schematically illustrating an
example of a semiconductor device.

FIG. 8 is a cross-sectional view schematically illustrating an
example of an adhesive-attached chip comprising an adhesive piece and

a second chip.
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FIG. 9 is a cross-sectional view schematically illustrating a
process of manufacturing a semiconductor package illustrated in FIG. 7.

FIG. 10 is a cross-sectional view schematically illustrating a
process of manufacturing the semiconductor package illustrated in FIG.
7.

FIG. 11 is a cross-sectional view schematically illustrating a
process of manufacturing the semiconductor package illustrated in FIG.
7.

FIG. 12 is a cross-sectional view schematically illustrating a
process of manufacturing the semiconductor package illustrated in FIG.
7.

FIG. 13A to FIG.13E are cross-sectional views schematically
illustrating a process of manufacturing the adhesive-attached chip.
Description of Embodiments
[0016] Hereinafter, embodiments of the present disclosure will be
described in detail, with reference to the drawings. However, the
present invention is not limited to the following embodiments. Note
that in the present specification, a word "step" is not limited to an
independent step, and is included in this term as long as an intended
action of the step is achieved even when the step cannot be clearly
distinguished from other steps. A numerical range indicated using "to"
refers to a range including numerical values described before and after
"to" as a minimum value and a maximum value, respectively. In a
numerical range described in stage in the present specification, an upper
limit value or a lower limit value of a numerical range of one stage may

be replaced with an upper limit value or a lower limit value of a numerical
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range in another stage. In a numerical range described in the present
specification, an upper limit value or a lower limit value of the numerical
range may be replaced with values described in Examples.
[0017] <Collet>

FIG. 1A is a schematic cross-sectional view illustrating a state in
which a collet 10 having a projecting portion 2 is used to compress a
second chip T2. The collet 10 is used for compressing the second chip
T2 obtained through a step of singulating a semiconductor wafer W.
Note that the second chip T2 and an adhesive piece 35P for embedding
the first chip T1 form an adhesive-attached chip 40 (see FIG. 8).
[0018] FIG. 2 is a perspective view of the collet 10. FIG. 3A is a cross-
sectional view taken along the line III-III of FIG. 2, and FIG. 3B is a
bottom view of the collet 10. The collet 10 has a main body 1 and the
projecting portion 2 provided on a lower end of the main body 1. An
upper end of the main body 1 is housed in a collet holder H provided in a
compressing device (see FIG. 1A). The lower end of the main body 1
has a first pressing surface 1f indicated by a broken line in FIG. 3. A
pressing force from the compressing device (collet holder H) is directly
transmitted to the first pressing surface 1f. The projecting portion 2 has
a second pressing surface 2f forming a flat holding surface F together
with the first pressing surface 1f of the main body 1. The second
pressing surface 2f is provided along an outer circumference of the first
pressing surface 1f and is flush with the first pressing surface 1f.  Since
the pressing force from the compressing device is transmitted to the
second pressing surface 2f via the main body 1, the pressure applied to

the second chip T2 becomes smaller than that applied to the first pressing
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surface 1f.

[0019] The first pressing surface 1f allows local pressure to be applied to
a central portion of the second chip T2, effectively eliminating the film-
shaped adhesive (adhesive piece 35P) on the first chip T1. As a result,
voids around the first chip T1 can be suppressed, and bowing due to
insufficient removal of an adhesive composition at the portion can be
reduced. In addition, it is possible to reduce protrusion (bleeding) from
an end portion of the second chip T2 to a substrate 50, since the pressure
applied from the projecting portion 2 to a peripheral edge of the second
chip T2 is relatively small. That is, according to the collet 10, a pressing
force distribution suitable for compressing the second chip T2 is applied
to the holding surface F.

[0020] A material of the collet 10 is, for example, rubber such as natural
rubber or synthetic rubber. Examples of synthetic rubber include butyl
rubber, styrene-butadiene rubber (SBR), isoprene rubber (IR), ethylene
propylene rubber (EPM), ethylene propylene diene rubber (EPDM),
urethane rubber, silicone rubber, and fluororubber. The collet 10 may
have heat resistance according to a temperature condition used (for
example, a compressing temperature), and, for example, may withstand a
temperature of 50 to 200°C.

[0021] A shore A hardness of the collet 10 is preferably 30 to 95 and may
be 40 to 90 or 50 to 80. When the shore A hardness of the collet 10 is
within the above range, the second chip T2 can be compressed without
being excessively deformed, and the second chip T2 can be picked up and
compressed with less damage.

[0022] The collet 10 may be entirely formed of the same material (for

10
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example, rubber), or may be formed of a combination of a plurality of
materials. In the latter case, for example, a lower portion 10B of the
collet 10 (see FIG. 3A) coming into contact with the second chip T2 may
be made of a material having a shore A hardness in the above range, and
an upper portion 10A of the collet 10 (see FIG. 3A) may be made of a
different material. For example, when the upper portion 10A is made of
a material having a higher shore A hardness than that of the lower portion
10B, pressure can be locally applied by the central portion of the second
chip T2 in a compressing step. In this case, when the shore A hardness
of the lower portion 10B is within the above range, the second chip T2
can be picked up and compressed with less damage. Note that the lower
portion 10B in the present embodiment comprises the projecting portion
2 and a portion which is a lower end portion of the main body 1
continuous with the projecting portion 2 and has the same thickness as
that of the projecting portion 2. On the other hand, the upper portion
10A is a part of the main body 1 and refers to a portion extending from
an upper end of the main body 1 to the lower portion 10B (that the upper
portion 10A is a portion other than the lower portion 10B in the collet 10).
[0023] A shape of a cross section (first pressing surface 1f) of the main
body 1 of the collet 10 corresponds to a shape of the first chip T1 and is
a square in the present embodiment. When the first chip T1 has a
rectangular shape, the shape of the cross section of the main body 1 of the
collet 10 may be a rectangle. It is preferable that the area of the cross
section of the main body 1 of the collet 10 is larger than the area of the
first chip T1 and is smaller than the area of the second chip T2.
Specifically, the area of the first pressing surface 1f is preferably 20 to

11
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90% of the area of the second chip T2, and may be 25 to 85% or 30 to
80% thereof. When the area of the first pressing surface 1f is in the
above range, the pressure applied to the central portion and the end
portion of the second chip T2 during compressing can be controlled, and
the voids, bleeding, and bowing can be reduced in a more highly and
balanced manner.

[0024] A shape of the holding surface F (outer circumference of the
projecting portion 2) of the collet 10 corresponds to a shape of the second
chip T2, and is a square in the present embodiment. When the second
chip T2 has a rectangular shape, the shape of the holding surface F may
be a rectangle. The area of the holding surface F of the collet 10 (the
total area of the first pressing surface f1 and the second pressing surface
12) is preferably 70 to 110%, or may be 80 to 105% or 90 to 100% of the
area of the second chip T2. When the area of the holding surface F is
70% or more of that of the second chip T2, sufficient pressure can be
applied to the peripheral edge portion of the second chip T2, and
generation of voids can be suppressed. On the other hand, when the area
of the holding surface F is 110% or less of that of the second chip T2, it
is possible to suppress occurrence of a pick-up error such as picking up
an adjacent chip together with a chip to be picked up in a pick-up step.
[0025] A thickness of the upper portion 10A of the collet 10 (thickness A
illustrated in FIG. 3A) is preferably 0.5 to 10 mm, more preferably 1 to 8
mm.

[0026] A thickness of the projecting portion 2 (lower portion 10B) of the
collet 10 (thickness B illustrated in FIG. 3A) is preferably 0.5 to 3.0 mm,
more preferably 0.75 to 2.75 mm, and even more preferably 1.0 to 2.5

12
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mm. When the thickness of the projecting portion 2 is in the above
range, the pressure applied to the central portion and the end portion of
the second chip T2 during compressing can be controlled, and the voids,
bleeding, and bowing can be reduced in a highly and balanced manner.
In addition, when the thickness of the projecting portion 2 is 0.5 mm or
more, the collet 10 has sufficient durability suitable for continuous use.
[0027] A projecting distance of the projecting portion 2 (distance D
illustrated in FIG. 3A) is, for example, 0.5 to 4.0 mm, and may be 0.75 to
3.5 mm or 1.0 to 3.0 mm.

[0028] The upper portion 10A and the lower portion 10B of the collet 10
may or do not have to be aligned with each other in a plan view. In other
words, a center of the first pressing surface f1 and a center of the holding
surface F may or do not have to be aligned. For example, when an
alignment function of the compressing device is used, picking up and the
compressing are performed in a state where the center of the holding
surface F of the collet 10 and the center of the second chip T2 are aligned.
The upper portion 10A and the lower portion 10B of the collet 10 are
preferably disposed so that the centers thereof are aligned when projected
in a vertical direction as illustrated in FIG. 3B. In this case, in a
semiconductor device designed so that the centers of the second chip T2
and the first chip T1 are aligned, the most reduction effect can be expected
for voids, bleeding, and bowing. Note that even in a semiconductor
device designed so that the centers of the second chip T2 and the first chip
T1 are not aligned, when the first chip T1 is contained within the first
pressing surface fl, a reduction effect for the problem can be expected.

Meanwhile, a collet used for manufacturing a semiconductor device in
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which the centers of the second chip T2 and the first chip T1 are not
aligned is given as an example in which it is preferable that the centers of
the upper portion 10A and the lower portion 10B of the collet 10 are not
aligned. In this case, during compressing of the second chip T2, the
center of the upper portion 10A (first pressing surface f1) may be aligned
with the center of the first chip T1.

[0029] As illustrated in FIG. 3A, for example, a side surface la of the
main body 1 and an upper surface 2a of the projecting portion 2 are
orthogonal to each other, in other words, an angle formed by the both
surfaces i1s 90°. Note that as illustrated in FIG. 4A and FIG.4B, an
inclined portion may be provided at a boundary between the side surface
la of the main body 1 and the upper surface 2a of the projecting portion
2. The inclined portion 3a illustrated in FIG. 4A comprises a flat
surface, while the inclined portion 3b illustrated in FIG. 4B comprises a
curved surface.

[0030] The collet 10 has a hole 11 provided to penetrate the main body 1
from an upper end to alower end. The hole 11 is used to hold the second
chip T2 by a suction force in the pick-up step and the compressing step.
A diameter of the hole 11 is, for example, 0.1 to 1.0 mm. When the
diameter of the hole 11 is 0.1 mm or more, the second chip T2 can be
sufficiently held by the suction force, and when the diameter is 1.0 mm
or less, a decrease in the pressing force due to the hole 11 can be
suppressed, and generation of voids can be sufficiently suppressed.
[0031] To increase the suction force of the collet, for example, as
illustrated in FIG. 5A and FIG.5B, a plurality of (for example, five or

nine) holes 11 may be provided in the main body 1. To increase a
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holding force of the holding surface F, as illustrated in FIG. 6A and FIG.
6B, a groove 12 connected to the hole 11 and reaching the projecting
portion 2 may be provided on the holding surface F.
[0032] The same collet 10 may be used in the pick-up step and the
compressing step, or different collets may be used. When different
collets are used in the pick-up step and the compressing step, a pick-up
collet (not illustrated) picks up the second chip T2 and then transfers the
second chip T2 to an intermediate stage (not illustrated). Thereafter, the
collet 10 (compressing collet) sucks and holds the second chip T2 on the
intermediate stage, transfers the second chip T2 onto the substrate, and
compresses the second chip T2. In this case, since the pick-up step and
the compressing step are performed in parallel, productivity is high.
Further, the second chip T5 can be easily sucked and transferred from the
intermediate stage since the second chip T5 is previously peeled off from
a pressure-sensitive adhesive layer 32 (FIG. 13).  Therefore, the
compressing collet 10 may have a lower suction force than that of the
pick-up collet.
[0033] <Semiconductor device>

FIG. 7 is a cross-sectional view schematically illustrating a
semiconductor device manufactured by using the collet 10. The
semiconductor device 100 illustrated in this figure is referred to as a chip-
embedded type, and comprises the substrate 50, the first chip T1 mounted
on a surface of the substrate 50, a first sealing layer 35 (cured product of
an adhesive piece) in which the first chip T1 is embedded, the second chip
T2 disposed above the first chip T1, and a second sealing layer 45 sealing
the second chip T2

15
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[0034] The substrate 50 has circuit patterns 50a and 50b on a surface.
From a viewpoint of suppressing warping of the semiconductor device
100, a thickness of the substrate 50 is, for example, 90 to 180 um, and
may be 90 to 140 um. Note that the substrate 50 may be an organic
substrate or a metal substrate such as a lead frame.

[0035] The first chip T1 is a controller chip for driving the semiconductor
device 100. The first chip T1 is attached to the circuit pattern 50a via
an adhesive 55, and is connected to the circuit pattern 50b via a wire 61.
The shape of the first chip T1 in a plan view is, for example, a square or
arectangle. A length of one side of the first chip T1 is, for example, 10
mm or less, and may be 2 to 5 mm or 0.5 to 4 mm. A thickness of the
first chip T1 is, for example, 10 to 170 um, and may be 20 to 100 pum.
[0036] The second chip T2 has a larger area than that of the first chip T1.
The second chip T2 is mounted on the substrate 50 via the first sealing
layer 35 so that the entire first chip T1 and a part of the circuit pattern 50b
are covered. A shape of the second chip T2 in a plan view is, for
example, a square or may be a rectangle. A length of one side of the
second chip T2 is, for example, 20 mm or less, and may be 3 to 18 mm,
4t0 15 mm, or 4 to 12 mm. A thickness of the second chip T2 is, for
example, 20 to 400 um, and may be 20 to 120 um. The second chip T2
is connected to the circuit pattern 50b via a wire 62 and is sealed by the
second sealing layer 45.

[0037] The first sealing layer 35 comprises a cured product of the
adhesive piece 35P (see FIG. 8). Note that as illustrated in FIG. 8, the
adhesive piece 35P and the second chip T2 have substantially the same
size. In FIG. 8, the adhesive-attached chip 40 comprises the adhesive
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piece 35P and the second chip T2. The adhesive-attached chip 40 is
manufactured through a dicing step and the pick-up step as described later
(see FIG. 13).
[0038] <Method of manufacturing semiconductor device>

A method of manufacturing the semiconductor device 100 will be
described. First, as illustrated in FIG. 9, a structure 70 comprising the
substrate 50 and the first chip T1 mounted on the substrate 50 is
manufactured. That is, the first chip T1 is disposed on a surface of the
substrate 50 via the adhesive 55. Thereafter, the first chip T1 and the
circuit pattern 50b are electrically connected by the wire 61.
[0039] Next, as illustrated in FIG. 10, the adhesive piece 35P of the
adhesive-attached chip 40 is compressed to the substrate 50 using the
collet 10. As a result, the first chip T1 and the wire 61 are embedded in
the adhesive piece 35P.
[0040] A thickness of the adhesive piece 35P may be appropriately set
according to the thickness of the first chip T1, for example, 60 to 150 um,
and may be 70 to 140 um or 75 to 135 um. A shear viscosity of the
adhesive piece 35P at 80°C is preferably, for example, 500 Pa-s or more,
and may be 800 Pa-s or more or 1000 Pa-s or more. A temperature at
which the shear viscosity of the adhesive piece 35P is 5000 Pa-s or less is
preferably in a range of 60 to 150°C.
[0041] A compressing temperature of the adhesive piece 35P with respect
to the substrate 50 is preferably 50 to 200°C, more preferably 80 to
150°C.  When the compressing temperature is moderately high, the
viscosity of the adhesive piece 35P decreases and the fluidity increases,

so that an embedding property for steps, etc. of the first chip T1, the wire
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61, the circuit patterns 50a and 50b on the surface of the substrate 50, etc.
is improved. Further, since wettability of the adhesive piece 35P with
the first chip T1 and the substrate 50 is improved, an interfacial adhesive
force tends to be improved. Note that when the compressing
temperature is excessively high, the fluidity of the adhesive piece 35P
increases, and thus protrusion (bleeding) of an adhesive composition
(adhesive piece 35P) from the end portion of the second chip T2 onto the
substrate 50 tends to increase. A compressing time is preferably 0.5 to
10 seconds, more preferably 1 to 5 seconds. Through the compressing
step, as illustrated in FIG. 11, the first chip T1 and the wire 61 are
embedded in the adhesive piece 35P.
[0042] Next, the adhesive piece 35P is cured by heating. As a result,
the adhesive piece 35P becomes a cured product (first sealing layer 35)
(FIG. 12). A curing temperature can be set to, for example, about 50 to
250°C. A curing time can be set to, for example, 10 seconds to 3 hours.
To eliminate voids remaining after the compressing step, pressurization
may be performed under a condition of 0.3 to 0.9 MPa during the above
heating. The semiconductor device 100 is completed by electrically
connecting the second chip T2 and the circuit pattern 50b by the wire 62
and then sealing the second chip T2 by the second sealing layer 45 (see
FIG. 7).
[0043] <Method of manufacturing adhesive-attached chip>

An example of a method of manufacturing the adhesive-attached
chip 40 illustrated in FIG. 8 will be described with reference to FIG. 13A
to FIG. 13E. First, a dicing die bonding integrated film 30 (hereinafter,

referred to as "film 30" in some cases) is disposed in a predetermined
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device (not illustrated). The film 30 comprises a base film 31, the
pressure-sensitive adhesive layer 32, and an adhesive layer 35A in this
order. The base film 31 is, for example, a polyethylene terephthalate
film (PET film). The semiconductor wafer W is, for example, a thin
semiconductor wafer having a thickness of 20 to 120 um. The
semiconductor wafer W may be single crystal silicon or a compound
semiconductor such as polycrystalline silicon, various ceramics, or
gallium arsenide. Note that the film 30 may further comprise a
protective film (not illustrated) provided to cover the adhesive layer 35A.
[0044] As illustrated in FIG. 13A and FIG. 13B, the film 30 is attached
so that the adhesive layer 35A is in contact with one surface of the
semiconductor wafer W. This step is preferably carried out under a
temperature condition of 50 to 120°C, more preferably 60 to 100°C.
When the temperature is 50°C or higher, an excellent adhesion property
of the semiconductor wafer W to the adhesive layer 35A can be obtained,
and when the temperature is 120°C or lower, excessive flow of the
adhesive layer 35A is suppressed in this step.

[0045] As illustrated in FIG. 13C, the semiconductor wafer W, the
pressure-sensitive adhesive layer 32, and the adhesive layer 35A are
diced. As a result, the semiconductor wafer W is disassembled to
become the second chip T2. The adhesive layer 35A is disassembled to
become the adhesive piece 35P. Examples of a dicing method include a
method using a rotary blade or a laser. Note that the semiconductor
wafer W may be thinned by grinding the semiconductor wafer W prior to
dicing the semiconductor wafer W.

[0046] Next, when the pressure-sensitive adhesive layer 32 is, for
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example, an ultraviolet curable type, as illustrated in FIG. 13D, the
pressure-sensitive adhesive layer 32 is cured by irradiating the pressure-
sensitive adhesive layer 32 with ultraviolet rays to decrease an adhesive
force between the pressure-sensitive adhesive layer 32 and the adhesive
piece 35P.  After irradiation with ultraviolet rays, as illustrated in FIG.
13E, while expanding the base film 31 to separate second chips T2 from
each other, the adhesive-attached chip 40 is peeled off from the pressure-
sensitive adhesive layer 32 by pushing up with a needle 42, and the
adhesive-attached chip 40 is sucked and picked up by the collet 10. As
illustrated in FIG. 10, the adhesive-attached chip 40 obtained in this way
is used for manufacturing the semiconductor device 100. Note that as
described above, another collet may be used instead of the collet 10 to
pick up the adhesive-attached chip 40. Further, when the pressure-
sensitive adhesive layer 32 is a pressure-sensitive type, it is unnecessary
to carry out ultraviolet irradiation.

Examples

[0047] Hereinafter, examples of the present disclosure will be described.
However, the invention is not limited to these examples.

[0048] <Example 1>

(Compressing for first chip)

HR-5104T-10 (adhesive layer thickness 10 wm) manufactured by
Hitachi Kasei Co., Ltd. was attached to a semiconductor wafer (12
inches) having a thickness of 60 pm at 65°C.  Subsequently, HR-5104T-
10 and the semiconductor wafer were blade-diced to 5 mm x 5 mm to
obtain adhesive piece-attached first chips. An adhesive piece-attached

first chip was compressed onto a substrate. DB800-HSD manufactured
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by Hitachi High-Technologies Corporation was used for compressing.
Compressing conditions were set to a temperature of 120°C, a time of 1.0
s, and a pressure of 0.2 MPa. As the substrate, a substrate having a
thickness of 130 um and having a solder resist (AUS308) formed on the
surface was used. After compressing, the adhesive piece was pressure-
cured under conditions of a temperature of 140°C, a pressure of 0.7 MPa,
and a time of 1 h. A fully automatic pressure oven PCOA-01T
manufactured by NTT Advanced Technology Co., Ltd. was used for
curing.

[0049] (Compressing for second chip)

A controller chip embedding film FH-4013T-120 (adhesive layer
thickness 120 um) manufactured by Hitachi Kasei Co., Ltd. was attached
to a semiconductor wafer (12 inches) having a thickness of 60 um at
65°C.  Subsequently, the controller chip embedding film and the
semiconductor wafer were blade-diced to 10 mm x 10 mm to obtain
adhesive piece-attached second chips. Subsequently, an adhesive piece-
attached second chip was compressed onto a substrate provided with the
first chip. Compressing conditions were a temperature of 120°C, a time
of 1.5 s, and a pressure of 0.2 MPa.

Compressing device: DB800-HSD (manufactured by Hitachi High-
Technologies Corporation)
Collet

Shape of holding surface: 10 mm x 10 mm square

Shape of first pressing surface: 5 mm x 5 mm square

Projecting distance: 2.5 mm (distance D illustrated in FIG. 3A)

Thickness of upper portion of collet: 4 mm (thickness A
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illustrated in FIG. 3A)

Thickness of lower portion of collet (projecting portion): 2 mm
(thickness B illustrated in FIG. 3A)

Material: Rubber of shore A hardness 70

Position and number of suction holes: one in center of main body

Diameter of suction hole: 0.5 mm¢
[0050] After compressing by the collet, the adhesive piece was pressure-
cured under conditions of a temperature of 140°C, a pressure of 0.7 MPa,
and a time of 1 h. As a result, a sample according to Example 1 was
obtained. A fully automatic pressure oven PCOA-01T manufactured by
NTT Advanced Technology Corporation was used for curing.
[0051] <Example 2>

A sample was obtained similarly to Example 1 except that a collet
(projecting distance: 2.0 mm) whose first pressing surface is a 6 mm x 6
mm square was used for compressing an adhesive piece-attached second
chip (size: 10 mm x 10 mm).
[0052] <Example 3>

A sample was obtained similarly to Example 1 except that a collet
(projecting distance: 1.5 mm) whose first pressing surface isa 7 mm x 7
mm square was used for compressing an adhesive piece-attached second
chip (size: 10 mm x 10 mm).
[0053] <Example 4>

A sample was obtained similarly to Example 1 except that a collet
(projecting distance: 1.0 mm) whose first pressing surface is a 8 mm x 8
mm square was used for compressing an adhesive piece-attached second

chip (size: 10 mm x 10 mm).
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[0054] <Examples 5 to 8>

Samples according to Examples 5 to 8 were obtained similarly to
Examples 1 to 4, respectively, except that a collet in which a thickness of
a projecting portion is 1.5 mm was used for compressing an adhesive
piece-attached second chip (size: 10 mm x 10 mm).
[0055] <Comparative Example 1>

A sample was obtained similarly to Example 1 except that the
following collet was used for compressing an adhesive piece-attached
second chip (size: 10 mm x 10 mm).

Shape of holding surface: 5 mm x 5 mm square

Projecting portion: none

Thickness of main body: 4 mm
[0056] <Comparative Example 2>

A sample was obtained similarly to Example 1 except that a collet
(without projecting distance) whose holding surface is a 6 mm x 6 mm
square was used for compressing an adhesive piece-attached second chip
(size: 10 mm x 10 mm).
[0057] <Comparative Example 3>

A sample was obtained similarly to Example 1 except that a collet
(without projecting distance) whose holding surface is a 7 mm x 7 mm
square was used for compressing an adhesive piece-attached second chip
(size: 10 mm x 10 mm).
[0058] <Comparative Example 4>

A sample was obtained similarly to Example 1 except that a collet
(without projecting distance) whose holding surface is a 8 mm x 8 mm

square was used for compressing an adhesive piece-attached second chip
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(size: 10 mm x 10 mm).
[0059] <Comparative Example 5>

A sample was obtained similarly to Example 1 except that a collet
(without projecting distance) whose holding surface isa 10 mm x 10 mm
square was used for compressing an adhesive piece-attached second chip
(size: 10 mm x 10 mm).

[0060] (Evaluation of voids)

An ultrasonic digital diagnostic imaging device (IS-350,
manufactured by Insight Co., Ltd.) was used to observe the samples (after
compressing and after pressure curing) according to the examples and the
comparative examples by a transmission method, thereby evaluating
voids. The observation was performed under the following conditions.
Transmitter probe: 35 MHz
Receiver probe: 25 MHz
Scan length

X: 240 mm

Y: 70 mm

Pitch: 0.1 mm
[0061] In an obtained observation image, a void portion appears black.
Only a chip portion of 10 mm x 10 mm was cut out using Photoshop
(registered trademark, manufactured by Adobe Systems Co., Ltd.) and
binarized. A portion not having a void was in white, a portion having a
void was in black, and a void rate was calculated by a ratio thereof. The
number of samples was set to N =4, and an average value was set to the
void rate. Based on a void rate of the sample (after compressing)

according to Comparative Example 5, a void improving effect of a sample
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(after compressing) according to another test example was calculated by
the following formula.

Void improving effect (%) = [(Void rate of Comparative Example
5) - (Void rate of another test example)]/(Void rate of Comparative
Example 5) x 100
[0062] (Evaluation of bleeding)

A microscope (STM7-LF, manufactured by Olympus
Corporation) was used to measure the amount of bleeding of the samples
according to the examples and the comparative examples (protrusion
distance of the adhesive from the end portion of the second chip). A top,
bottom, left, and right of the second chip were observed, and a maximum
value of each side was recorded. The number of samples was set to N
= 4, and a value obtained by averaging the maximum value of each side
was defined as the amount of bleeding. Based on the amount of
bleeding of the sample (after pressure curing) according to Comparative
Example 5, a bleeding improving effect of a sample (after pressure
curing) according to another test example was calculated by the following
formula.

Bleeding improving effect (%) = [(Amount of bleeding of
Comparative Example 5) - (Amount of bleeding of another test
example)]/(Amount of bleeding of Comparative Example 5) x 100
[0063] (Evaluation of bowing)

A digimatic indicator (ID-H0530, manufactured by Mitutoyo Co.,
Ltd.) was used to measure the amount of bowing of the samples according
to the examples and the comparative examples. That is, measurement

points were the upper left, upper right, center, lower left, and lower right
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of the second chip, and a value obtained by subtracting a minimum value
from a maximum value was defined as the amount of bowing. The
number of samples was set to N =4, and an average value was defined as
the amount of bowing. Based on the amount bowing of the sample
(after pressure curing) according to Comparative Example 5, a bowing
improving effect of a sample (after pressure curing) according to another
test example was calculated by the following formula.

Bowing improving effect (%) = [(Amount of bowing of
Comparative Example 5) - (Amount of bowing of another test
example)]/(Amount of bowing of Comparative Example 5) x 100
[0064] Evaluation results are shown in Tables 1 and 2. Evaluations in
the tables are based on the following criteria.

Value of void improving effect of sample after compressing

S: 50% or more

A: 30% or more and less than 50%

B: 20% or more and less than 30%

C: 10% or more and less than 20%

D: less than 10%

Presence or absence of void in sample after pressure curing

A: No void

D: Void present
Value of bleeding improving effect after pressure curing

S: 50% or more

A: 30% or more and less than 50%

B: 20% or more and less than 30%

C: 10% or more and less than 20%
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D: less than 10%
Value of bowing improving effect after pressure curing

S:30% or more

A: 20% or more and less than 30%

B: 10% or more and less than 20%

C: 0% or more and less than 10%

D: less than 0%
[0065] As shown in Table 1, in all the examples except the voids after
compressing of Example 1, improvement effects could be confirmed in
all of the voids, bleeding, and bowing compared to Comparative Example
5. In Example 1, the void rate after compressing slightly deteriorated.
However, voids could disappear after pressure curing. A reason for
deterioration of the void rate after compressing in Example 1 is
considered as follows. The surface of the main body of the collet (first
pressing surface) was 5 mm x 5 mm, which was excessively small for the
second chip of 10 mm x 10 mm, so that the vicinity of the end portion of
the second chip could not be pressed during compressing. In addition,
with regard to the voids, when the surface of the main body was 6 mm x
6 mm and 7 mm x 7 mm, there was a tendency for further improvement
than that of 8 mm x 8 mm. It is considered that when the surface of the
main body is small, more pressure is applied to the central portion of the
second chip, and the resin on the upper portion of the first chip can be
eliminated. A reason is presumed that the voids were less likely to be
trapped since the resin flowed around the second chip, or since warping
of the second chip in an upward convex direction during compressing was

reduced.
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[0066] It was found that bleeding tends to improve as the surface of the
main body of the collet becomes smaller. A reason therefor is
considered as follows. When the surface of the main body becomes
smaller, the pressure applied to the end portion of the semiconductor chip
decreases, or it becomes easier to eliminate the resin on the upper portion
of the first chip, warping of the second chip in the upward convex
direction during compressing is reduced, and a timing when the end
portion of the adhesive piece-attached second chip comes into contact
with the substrate is delayed.

[0067] Similarly to bleeding, it was found that bowing tends to improve
as the surface of the main body of the collet becomes smaller. It is
considered that when the surface of the main body is small, more pressure
is applied to the central portion of the second chip, and the resin on the
upper portion of the first chip can be eliminated, so that warping of the
second chip in the upward convex direction is reduced, and bowing is
reduced. It was confirmed that a thinner projecting portion tends to
slightly bring improvement. As a reason therefor, it is considered that
as the projecting portion becomes thinner, the pressure applied to the end
portion of the second chip becomes lower.

[0068] The collets used in Comparative Examples 1 to 5 have
conventionally known shapes. When the holding surface is 5 mm x 5
mm or 6 mm x 6 mm, bowing is significantly improved. However, due
to the small holding surface, voids remained at a tip portion (corner
portion) of the semiconductor chip after compressing and could not
disappear after pressure curing. In addition, a significant deterioration

in bleeding was found. A cause is considered as follows. The pressure
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applied to the semiconductor chip became high due to the small holding

surface, and the resin on the upper portion and around the controller chip

excessively flowed.

[0069] [Table 1]

Ex. 1 Ex.2 | Ex.3 | Ex.4 | Ex.5 | Ex.6 | Ex.7 | Ex. 8
Holding surface 10x10 | 10x10 | 10x10 | 10x10 | 10x0 | 10x10 | 10x10 | 10x10
(mm x mm)
First pressing surface 555 656 757 88 555 6x6 7x7 8x8
(mm x mm)
Ratio (%) of area of first
pressing surface to area of 25 36 49 64 25 36 49 64
second chip
Collet Thlcknegs (mm) of upper 4 4 4 4 4 4 4 4
portion of collet
Protrusion distance (mm) 2.5 2.0 1.5 1.0 2.5 2.0 1.5 1.0
Thickness (mm) of lower |5\ 56 | 50 | 20 | 15 | 15 | 15 | 15
portion of collet
Ratio (%) of area of holding
surface to area of second 100 100 100 100 100 100 100 100
chip
V"E%ate 55 | 11 | 24 | 32 | 31 | 07 | 27 | 36
After Improvin
compressing | &P (%*‘)5 38 | 792 | 547 | 396 | 415 | 868 | 49.1 | 321
Voids Evaluation | D S S A A S A A
After Void rate 0 0 0 0 0 0 0 0
pressure (%)
curing Evaluation A A A A A A A A
Amount
(um) of 34.1 | 69.7 | 87.0 | 1044 | 40.1 | 71.8 | 78.6 | 96.5
After .
. bleeding
Bleeding pressure Tmproving
curing effect (%) 72.9 446 | 30.8 17.0 | 68.1 429 | 375 | 233
Evaluation S A A C S A A B
Amount
After (um). of 443 453 46.0 46.8 42.3 41.3 453 45.8
. bowing
Bowing pressure Tmproving
curing effect (%) 18.7 16.9 15.6 14.1 224 | 242 16.9 16.0
Evaluation B B B B A A B B
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[0070] [Table 2]

Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 1 Ex.2 Ex.3 Ex. 4 Ex. 5
Pressing surface 55 6x6 7x7 8x8 | 10x10
(mm x mm)
Ratio (%) of area of
Collet pressing surface to area of 25 36 49 64 100
second chip
Thickness (mm) of main 4 4 4 4 4
body
Vozf/r)ate 45 | 19 | 27 3.8 53
After Im r(:vin
compressing | PrOVINE 1736 | 642 49.1 283 -
Void effect (%)
oS Evaluation D S A B -
After Void rate
pressure (%) 0.6 0.2 0 0 0
curing Evaluation D D A A -
Amount
After (um)'of 174.9 238.8 91.1 107.3 125.8
. bleeding
Bleeding pressure Improving
curing effect (%) -39.0 -89.8 27.6 14.7 -
Evaluation D D B C -
Amount
After (um). of 27.5 33.0 44.0 49.8 54.5
. bowing
Bowing pressure Tmproving
curing effect (%) 49.5 394 19.3 8.6 -
Evaluation S S B C -

Industrial Applicability

[0071] According to the present disclosure, there are provided a method
of manufacturing a semiconductor device and a collet used therein,
wherein the method is capable of reducing all of voids, bleeding, and
bowing to a high level after a step of compressing a second-stage
semiconductor element to embed the first-stage semiconductor element
(for example, a controller chip) in a film-shaped adhesive.

Reference Signs List

[0072] 1: main body, 2: projecting portion, 3a, 3b: inclined portion, 10:
collet, 10A: upper portion, 10B: lower portion, 11: hole, 12: groove, 30:

dicing die bonding integrated film, 31: base film, 32: pressure-sensitive
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adhesive layer, 35: first sealing layer, 35A: adhesive layer, 35P: adhesive
piece, 40: adhesive-attached chip, 45: second sealing layer, 50: substrate,
100: semiconductor device, F: holding surface, f1: first pressing surface,
2: second pressing surface, H: collet holder (compressing device), T1:

first chip, T2: second chip, W: semiconductor wafer.
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CLAIMS
1. A method of manufacturing a semiconductor device, the method
comprising:

(A) mounting a first chip on a substrate;

(B) attaching a wafer to an adhesive layer of a dicing/die-bonding
integrated film comprising a base film, a pressure-sensitive adhesive
layer, and the adhesive layer in order;

(C) singulating the wafer to obtain a plurality of second chips;

(D) picking up an adhesive-attached chip by using a collet, the
adhesive-attached chip comprising the second chip and an adhesive piece
obtained by singulating the adhesive layer; and

(E) compressing the adhesive-attached chip onto the substrate so
that the first chip is embedded in the adhesive piece,

wherein the collet used in the step (E) comprises:

a main body having a first pressing surface to which a pressing
force from a compressing device is directly transmitted; and

a projecting portion having a second pressing surface provided
along an outer circumference of the first pressing surface, the first
pressing surface and the second pressing surface forming a holding

surface for holding the adhesive-attached chip.

2. The method of manufacturing a semiconductor device according
to claim 1, wherein an area of the first pressing surface is larger than an
area of the first chip in a plan view and smaller than an area of the second

chip in a plan view.
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3. The method of manufacturing a semiconductor device according
to claim 1 or 2, wherein an area of the first pressing surface is 20% to

90% of an area of the second chip in a plan view.

4. The method of manufacturing a semiconductor device according
to any one of claims 1 to 3, wherein the collet is made of a material having

a shore A hardness of 30 to 95.

5. The method of manufacturing a semiconductor device according
to any one of claims 1 to 4, wherein a thickness of the projecting portion

1s 0.5 mm to 3.0 mm.

6. The method of manufacturing a semiconductor device according
to any one of claims 1 to 5, wherein a thickness of the adhesive piece is

60 to 150 um.

7. The method of manufacturing a semiconductor device according
to any one of claims 1 to 6, wherein a temperature at which a shear

viscosity of the adhesive piece is 5000 Pa-s or less is within a range of 60
to 150°C.

8. The method of manufacturing a semiconductor device according
to any one of claims 1 to 7, wherein the collet is used for pick-up in the

step (D).

0. A collet used for compressing an adhesive-attached chip obtained
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through a step of singulating a wafer, the collet comprising:

a main body having a first pressing surface to which a pressing
force from a compressing device is directly transmitted; and

a projecting portion having a second pressing surface provided
along an outer circumference of the first pressing surface, the first
pressing surface and the second pressing surface forming a holding

surface for holding the adhesive-attached chip.

10. The collet according to claim 9, wherein the collet is made of a

material having a shore A hardness of 30 to 95.

11. The collet according to claim 9 or 10, wherein a thickness of the

projecting portion is 0.5 mm to 3.0 mm.
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