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BONDING DEVICE AND BONDING METHOD

[Technical Field]

[0001] The present disclosure relates to a bonding apparatus and a bonding method.
[Background Art]

[0002] A mounting technology for bonding an electronic component such as a
semiconductor die onto a substrate is known. For example, Patent Literature 1 discloses
a technique for inhibiting an adhesive from adhering to a semiconductor die due to
creeping up of the adhesive. In the technique of Patent Literature 1, the semiconductor
die is bonded to a substrate via a resin film.

[Citation List]

[Patent Literature]

[0003] [Patent Literature 1] Japanese Patent Laid-Open No. 2015-35493

[Summary of Invention]

[Technical Problem]

[0004] However, in the configuration of Patent Literature 1, the film is melted by heat
of the heater. As a result, the molten film may stick to a bonding tool. Film sticking
causes a device to stop. Accordingly, since productivity of the device is reduced, a
maintenance operation is required.

[0005] A bonding apparatus and a bonding method of the present disclosure have been
made in view of such circumstances. The present disclosure describes a bonding
apparatus and a bonding method in which a decrease in productivity of a bonding
apparatus using a film for preventing creeping up can be inhibited in the device using.

[Solution to Problem]
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[0006] One embodiment of the present disclosure is a bonding apparatus for mounting
an electronic component on a substrate or other electronic components, including a
bonding unit which has a bonding surface detachably holding the electronic component
via a film and a heat source supplying heat to the bonding surface, a film supply unit
which supplies the film along the bonding surface, a peeling member which can enter
between the film and the bonding surface, and a drive unit which moves the peeling
member between the film and the bonding surface to separate the film from the bonding
surface.

[0007] In the bonding apparatus, a bonding tool holds the electronic component via the
film supplied to the bonding surface. Then, the bonding tool provides heat from the
heat source to the bonding surface. The bonding tool uses the heat to mount the held
electronic component on the substrate or another electronic component. When heat is
provided to the electronic component, the heat is transmitted to the electronic component
via the bonding surface and the film. As a result, the heat may cause the film to stick to
the bonding surface. Therefore, the bonding apparatus drives the peeling member using
the drive unit. This drive causes the peeling member to move between the film and the
bonding surface. As a result, the peeling member can peel off the film stuck to the
bonding surface. Accordingly, the bonding apparatus can eliminate sticking of the film
to the bonding surface. Therefore, in the bonding apparatus using the film for
preventing creeping up, a decrease in productivity of the device can be inhibited.
[Advantageous Effects of Invention]

[0008] The bonding apparatus and the bonding method of the present disclosure can
inhibit a decrease in device productivity in the bonding apparatus using a film for

preventing creeping up.
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[Brief Description of Drawings]
[0009] FIG. 1 is a schematic view showing a configuration of a bonding apparatus
according to an embodiment.

FIG. 2 is a cross-sectional view of a semiconductor device assembled by the
bonding apparatus of FIG. 1.

FIG. 3 is an enlarged perspective view showing a bonding tool of the bonding
apparatus shown in FIG. 1.

FIG. 4 is a front view showing a film peeling mechanism according to a first
mode.

FIG. 5 is a front view showing the film peeling mechanism immediately after a
transition from a first mode to a second mode has been completed.

FIG. 6 is a front view showing the film peeling mechanism according to the
second mode.

FIG. 7 is a front view showing the film peeling mechanism immediately after the
film has been peeled off.

FIG. 8 is a flowchart showing main steps of a bonding method.

[Description of Embodiments]
[0010] <Bonding apparatus>

Hereinafter, embodiments for implementing a bonding apparatus and a bonding
method of the present disclosure will be described in detail with reference to the
accompanying drawings. In the description of the drawings, the same elements are
denoted by the same reference numerals. In addition, repeated descriptions thereof will
be omitted.

[0011] In the description of the present disclosure, the term “air permeability” indicates
3
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an ability of a creeping up prevention sheet, which is interposed between a bonding head
and a semiconductor die, to transmit air. In addition, the expression ‘“having air
permeability” indicates an ability of the creeping up prevention sheet to transmit air to
the extent that the bonding head can hold the semiconductor die on its bonding surface
using a vacuum supplied from suction holes formed in the bonding head. Examples of
the creeping up prevention sheet having air permeability include a porous sheet, a
nonwoven fabric, and a sheet in which air holes are formed. However, aspects of the
creeping up prevention sheet are not interpreted as limiting. In the present disclosure,
the creeping up prevention sheet will be described as a sheet in which air holes are
formed. That is, a sheet which does not have air permeability originally but acquires air
permeability after being subjected to a process of forming air holes will be exemplified.
[0012] As shown in FIG. 1, the bonding apparatus 1 is for mounting a semiconductor
die 102, which is an example of an electronic component, in a bonding region of a
substrate 101. As a result of mounting the semiconductor die 102, a semiconductor
device 100 including the substrate 101 and the semiconductor die 102 is obtained. In
the following description, an X axis and a Y axis orthogonal to each other are directions
parallel to a main surface of the semiconductor die 102 (or a main surface of any one of
stages). A Z axis is a direction perpendicular to both the X axis and the Y axis.

[0013] The semiconductor device 100 which is assembled by the bonding apparatus 1
will be described. As shown in FIG. 2, the semiconductor device 100 has the substrate
101 and the semiconductor die 102.

[0014] The substrate 101 has an individual plate shape. The substrate 101 has a first
main surface 101a and a second main surface 101b. At least one mounting region on
which the semiconductor die 102 is mounted is formed on the first main surface 101a.

Therefore, the semiconductor die 102 is bonded to the first main surface 101a of the
4
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substrate 101. The second main surface 101b is a back surface of the first main surface
101a. A material of the substrate 101 is, for example, an organic material, an inorganic
material, or a composite material thereof. The substrate 101 made of an organic
material is, for example, an epoxy substrate or a polyimide substrate. The substrate 101
made of an inorganic material is, for example, a glass substrate. The substrate 101
made of a composite material is, for example, a glass epoxy substrate. The substrate
101 is a so-called interposer.

[0015] A plurality of mounting regions may be provided on one substrate. In this case,
the semiconductor die 102 is bonded in each mounting region of the substrate.
Thereafter, the substrate is diced into pieces in each mounting region. As a result, a
plurality of semiconductor devices 100 are obtained. Further, the semiconductor device
may have a stack structure in which a plurality of semiconductor dies 102 are stacked.
In a stacked semiconductor device, all of two or more semiconductor dies 102 may be
oriented in the same direction. Also, in the stacked semiconductor device, two or more
semiconductor dies 102 may be oriented in different directions. Further, in the
semiconductor device, two or more semiconductor dies 102 may be bonded to one
mounting region.

[0016] The semiconductor die 102 is fixed to the substrate 101 using an adhesive
member 103. The adhesive member 103 is, for example, a thermosetting resin.

[0017] The semiconductor die 102 has an individual plate shape smaller than the
substrate 101 in a plan view. The semiconductor die 102 has a first main surface 102a
and a second main surface 102b. A predetermined circuit pattern is provided on the first
main surface 102a. Further, a plurality of electrode pads 104, a plurality of bump
electrodes 106, and a protective film 108 are provided on the first main surface 102a.

The first main surface 102a faces the first main surface 101a of the substrate 101. Such
5
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a bonding mode is called face-down bonding. The second main surface 102b is a back
surface opposite to the first main surface 102a. The semiconductor die 102 is made of a
semiconductor material such as silicon.

[0018] The electrode pads 104 are electrically connected to electrode pads 107 formed
on the first main surface 102a. The bump electrodes 106 are provided on the electrode
pads 104. The protective film 108 is provided around the plurality of bump electrodes
106. In other words, outer peripheral end parts of the electrode pads 104 are covered
with the protective film 108. On the other hand, central parts of the electrode pads 104
are exposed from the protective film 108. These exposed parts are parts electrically
connected with the bump electrodes 106. Materials of the electrode pads 104 and the
bump electrodes 106 are, for example, materials having conductivity. For example, the
electrode pads 104 may be made of aluminum or copper. Further, for example, the
bump electrodes 106 may be made of gold or the like.

[0019] Next, the bonding apparatus 1 will be described. As shown in FIG. 1, the
bonding apparatus 1 includes a wafer stage 2, an intermediate stage 3, a bonding stage 4,
a bonding unit 6, an XY stage 7, a bonding control unit (hereinafter simply referred to as
a “control unit 8”’), and an imaging unit 9.

[0020] A wafer 110 is temporarily placed on the wafer stage 2. The wafer 110 is fixed
to a mounting surface 2a of the wafer stage 2 with an adhesive film. The wafer 110
includes a plurality of diced semiconductor dies 102. The wafer 110 has a first main
surface 110a and a second main surface 110b. The first main surface 110a has a
predetermined circuit pattern. The first main surface 110a corresponds to the first main
surface 102a of the semiconductor die 102. The second main surface 110b is a back
surface opposite to the first main surface 110a. The second main surface 110b

corresponds to the second main surface 102b of the semiconductor die 102.
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[0021] The semiconductor die 102 is temporarily placed on the intermediate stage 3.
The semiconductor die 102 is fixed to a placement surface 3a of the intermediate stage 3
with an adhesive film. The intermediate stage 3 is disposed between the wafer stage 2
and the bonding stage 4. The intermediate stage 3 can be moved in the X axis direction
and the Y axis direction using a drive mechanism such as a linear motor.

[0022] In the step of moving the semiconductor die 102 from the wafer stage 2 to the
bonding stage 4, the semiconductor die 102 is first picked up from the wafer stage 2.
Next, the semiconductor die 102 is turned upside down. That is, initially, the first main
surface 102a is on an upper side thereof, and the second main surface 102b is on a lower
side thereof. By being turned upside down, the second main surface 102b is on the
upper side and becomes the first main surface 102a. In this state, the semiconductor die
102 is mounted on the intermediate stage 3. Therefore, the first main surface 102a of
the semiconductor die 102 mounted on the intermediate stage 3 faces the placement
surface 3a of the intermediate stage 3.

[0023] The substrate 101 being bonded is temporarily placed on the bonding stage 4.
The substrate 101 is fixed to a mounting surface 4a of the bonding stage 4 with an
adhesive film. At this time, the first main surface 101a of the substrate 101 faces the
mounting surface 4a of the bonding stage 4. The bonding stage 4 can move the
substrate 101 in the X axis direction using a drive mechanism including a guide rail.
The bonding stage 4 has a heater for heating the semiconductor die 102 and the substrate
101.

[0024] The bonding unit 6 includes a bonding head 11 (a base), a bonding tool 12, a Z
axis drive mechanism 13, and an imaging unit 14. The bonding head 11 is attached to
the XY stage 7. The bonding head 11 is movable in the X axis direction and the Y axis

direction. The bonding tool 12 is attached to the bonding head 11 via the Z axis drive
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mechanism 13. The Z axis drive mechanism 13 moves the bonding tool 12 in a positive
or negative Z axis direction. Further, the Z axis drive mechanism 13 rotates the bonding
tool 12 around the Z axis. The expression “around the Z axis” has the same meaning as
around a normal direction of a bonding surface 21S. The imaging unit 14 is also
attached to the bonding head 11. When the bonding head 11 is moved by the XY stage
7, the bonding tool 12 and the imaging unit 14 attached to the bonding head 11 are also
moved.

[0025] The imaging unit 14 is separated from the bonding tool 12 by a predetermined
distance in the Y axis direction. The imaging unit 14 images the second main surface
102b of the semiconductor die 102 mounted on the intermediate stage 3. The imaging
unit 14 images the second main surface 102b of the semiconductor die 102 mounted on
the bonding stage 4. The imaging unit 14 may not be fixed to the bonding head 11.
Movement of the imaging unit 14 may be independent of movement of the bonding tool
12.

[0026] The bonding tool 12 has the bonding surface 21S. The bonding surface 21S
holds the semiconductor die 102. The bonding surface 21S is a lower end surface on
the bonding stage 4 side of the bonding tool 12 extending in the Z axis direction. The
bonding tool 12 has an air vacuum function and/or an air blow function. With these
functions, the bonding tool 12 sucks or releases the semiconductor die 102. In the
present disclosure, when the bonding tool 12 holds the semiconductor die 102, the
bonding tool 12 and the semiconductor die 102 sandwich a film 200. A configuration of
the bonding tool 12 will be described later.

[0027] The film 200 has a plurality of pores for providing air permeability between one
main surface and the other main surface. A smaller Gurley value of the film 200 is

preferable for sucking an electronic component such as the semiconductor die 102. The
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Gurley value of the film 200 is, for example, 1 or more and 2 or less (s/100cc/in?).

[0028] The film 200 is softer than a semiconductor material of the semiconductor die
102 that is a bonding target. The film 200 is softer than a material forming the bonding
surface 21S. Here, the term “soft” indicates that, for example, a rigidity of the film 200
is lower than a rigidity of the semiconductor die 102. The film 200 is, for example, a
nonwoven fabric film.

[0029] A material of the film 200 is not particularly limited. As an example of the
material of the film 200, a tetrafluoroethylene resin (PTFE) or a polyimide may be
adopted. For example, when a tetrafluoroethylene resin is used for the film 200, the
tetrafluoroethylene resin may be PTFE nanofibers. The PTFE nanofibers may have a
pore diameter of about 1 pm or more and 2 um or less, have a thickness of about 56 um,
and have a Gurley value of 1.2 (s/ 100cc/in®).  The PTFE nanofibers can reduce a Gurley
value with respect to a thickness. In other words, when the PTFE nanofibers are used
for the film 200, air permeability is improved.

[0030] The control unit 8 controls operations of components of the bonding apparatus 1.
Specifically, the control unit 8 is connected to each of the components such as the
bonding unit 6, the XY stage 7, and the imaging units 9 and 14 to be able to transmit and
receive signals. An operation of each component is controlled by this connection. For
example, the control unit 8 is a computer device including a central processing unit
(CPU), a memory, and the like. A bonding program for performing processing
necessary for bonding is stored in the memory in advance. The control unit § is
configured to be able to execute each process related to a semiconductor die bonding
method according to the present disclosure which will be described later. An operation
unit 8a for inputting control information and a display unit 8b for outputting control

information are connected to the control unit 8.
9



10

15

20

25

[0031] The control unit 8 performs position control of the bonding unit 6 (X, Y, and Z
axes), position control of the bonding tool 12 (Z axis), position control of the bonding
tool 12 around the Z axis (0), and tilt control of the bonding tool 12. The tilt control is
control of a tilt with respect to the Z axis. The control unit 8 performs, for example,
on/off control of an air vacuum function, on/off control of an air blow function, load
control when the semiconductor die 102 is mounted on the substrate 101, and heat supply
control of the bonding stage 4 and the bonding tool 12. The control unit 8 controls
operations of a heater 22, a film conveyance mechanism 30, and a film peeling
mechanism 40 included in the bonding tool 12, which will be described later.

[0032] The bonding tool 12 will be described in more detail with reference to FIG. 3.
As shown in FIG. 3, the bonding tool 12 includes a bonding mechanism 20 (bonding unit),
a film conveyance mechanism 30 (film supply unit), and a film peeling mechanism 40
(film peeling unit).

[0033] The bonding mechanism 20 has a body 21 and the heater 22. The heater 22 is a
heating unit. The body 21 has a base block 21a, a bonding block 21b, and the bonding
surface 21S. An upper end of the square pillar-shaped base block 21a is connected to
the Z axis drive mechanism 13. The bonding block 21b is attached to a lower end of the
base block 21a. The base block 21a may be cylindrical. The bonding block 21b has
the bonding surface 21S. The bonding surface 21S is a lower end surface of the
bonding block 21b. The bonding surface 21S detachably holds the semiconductor die
102 via the film 200. Attachment/detachment of the semiconductor die 102 is
performed by a plurality of suction holes. Upper ends of the suction holes are
connected to a pneumatic system such as a pump. Lower ends of the suction holes form
openings in the bonding surface 21S.

[0034] The heater 22 is disposed inside the body 21. The heater 22 heats the
10
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semiconductor die 102. The heater 22 may heat the substrate 101. The heater 22
switches a heating operation between start and stop. This switching is performed in
accordance with control signals received from the control unit 8.

[0035] The film conveyance mechanism 30 conveys the film 200 to the bonding surface
21S. The film conveyance mechanism 30 collects the film 200 from the bonding
surface 21S. The film conveyance mechanism 30 is disposed above the bonding surface
21S. The film conveyance mechanism 30 has a supply unit 31 and a collection unit 32.
The supply unit 31 and the collection unit 32 sandwich the bonding mechanism 20. The
film 200 unwound from the supply unit 31 is wound around the collection unit 32 via the
bonding surface 218.

[0036] The supply unit 31 includes a supply body 33, a supply reel 34 (one reel), and
supply pins 35A and 35B. The supply body 33 is fixed to the base block 21a. The
supply body 33 holds relative positions of the supply reel 34 and the supply pins 35A and
35B.

[0037] One end of the film 200 is attached to the supply reel 34. The supply reel 34 is
provided to be rotatable with respect to the supply body 33. A rotation angle of the
supply reel 34 is controlled by a motor. By this angle control, unwinding of the film
200 and control of tension acting on the film 200 are performed. The supply reel 34
constitutes a pair of reels together with a collection reel 37, which will be described later.
[0038] The supply pins 35A and 35B are provided below the supply reel 34 and near
the bonding mechanism 20. Base ends of the cylindrical supply pins 35A and 35B are
fixed to a cover 41 of the film peeling mechanism 40. Tips of the supply pins 35A and
35B extend in the +X axis direction. The supply pins 35A and 35B guide the film 200
unwound from the supply reel 34 to the bonding surface 21S. An outer circumferential

lower surface of the supply pin 35B disposed on the bonding mechanism 20 side is
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positioned slightly above the bonding surface 218S.

[0039] The film peeling mechanism 40 is attached to the supply body 33. The film
peeling mechanism 40 is disposed in the vicinity of the bonding mechanism 20. Details
of the film peeling mechanism 40 will be described later.

[0040] The collection unit 32 includes a collection body 36, a collection reel 37 (the
other reel), and collection pins 38A and 38B. The collection unit 32 does not have the
film peeling mechanism 40. The collection unit 32 has substantially the same
configuration as the supply unit 31 except for the film peeling mechanism 40.

[0041] The other end part of the film 200 is attached to the collection reel 37. The
collection reel 37 is provided to be rotatable with respect to the collection body 36. A
rotation angle of the collection reel 37 is controlled by a motor. By this angle control,
winding of the film 200 and control of the tension acting on the film 200 are performed.
[0042] The collection pins 38A and 38B are provided below the collection reel 37 and
near the bonding mechanism 20. Base ends of the cylindrical collection pins 38A and
38B are fixed to the collection body 36. Tips of the collection pins 38A and 38B extend
in the +X axis direction. The collection pins 38 A and 38B guide the film 200 unwound
from the collection reel 37 to the bonding surface 218S.

[0043] The film peeling mechanism 40 will be described in detail. As shown in FIG. 4,
the film peeling mechanism 40 has the cover 41, an arm body 42, a remover bar 43 (a
peeling member), an actuator 44, and a link mechanism 45. FIG. 4 shows a structure
when the cover 41 is removed to clearly show a configuration of the link mechanism 45.
In FIG. 4, the cover 41 is indicated by a two-dotted chain line. In the film peeling
mechanism 40, the link mechanism 45 to which a driving force is given by the actuator
44 reciprocates the arm body 42 along a predetermined trajectory. The remover bar 43

is provided at a tip of the arm body 42. By moving the arm body 42 along the
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predetermined trajectory, the remover bar 43 peels off the film 200 stuck to the bonding
surface 21S.

[0044] The cover 41 is a plate-shaped member. A base end of the cover 41 is fixed to
the supply body 33.

[0045] The arm body 42 is a plate-shaped member. A base end of the remover bar 43
is fixed to the tip of the arm body 42 near the bonding mechanism 20. The arm body 42
is a part of the link mechanism 45. A position of the arm body 42 relative to the supply
body 33 and the cover 41 can be changed. That is, when the arm body 42 moves, the
remover bar 43 moves. Movement of the remover bar 43 follows a predetermined
trajectory.

[0046] The actuator 44 is a so-called drive source. The actuator 44 is, for example, an
air cylinder. The actuator body 44a is rotatably connected to the supply body 33. A
drive bar 44b of the actuator 44 is rotatably connected to the arm body 42 via a
connection part 42a. The actuator 44 constitutes a drive unit 50 in cooperation with the
link mechanism 45.

[0047] The link mechanism 45 moves the remover bar 43 along a predetermined
trajectory. The link mechanism 45 is a so-called four-bar link. The link mechanism 45
includes a first link 46, a second link 47, the arm body 42, and the cover 41. One ends
of the first link 46 and the second link 47 are connected to the arm body 42 as drive
joints 46b and 47b. Positions of the drive joints 46b and 47b are relatively movable
with respect to the supply body 33. The other ends of the first link 46 and the second
link 47 are connected to the cover 41 as fixed joints 46a and 47a. Positions of the fixed
joints 46a and 47a are not movable relative to the supply body 33. That is, the first link
46 rotates such that the drive joint 46b follows an arc-shaped trajectory around the fixed

joint 46a as a central axis. Similarly, the second link 47 rotates around the fixed joint
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47a as a central axis such that the drive joint 47b follows an arc-shaped trajectory.

[0048] According to such a configuration, when the drive bar 44b of the actuator 44
extends and contracts, the arm body 42 to which the tip of the drive bar 44b is connected
is driven. The drive joints 46b and 47b of the first link 46 and the second link 47 are
connected to the arm body 42. Therefore, the arm body 42 that connects the drive joints
46b and 47b of the first link 46 and the second link 47 is a drive link. A movement
trajectory of the arm body 42 is defined by a movement of the other ends of the first link
46 and the second link 47 rotating with respect to the cover 41.

[0049] Operations of the film peeling mechanism 40 will be described with reference to
FIG. 4, FIG. 5, FIG. 6, and FIG. 7.

[0050] FIG. 4 shows the film peeling mechanism 40 in a first mode. The first mode is
a state in which the remover bar 43 is not in contact with the film 200. Therefore, the
first mode is a state in which a peeling operation for the film 200 is not performed. For
example, the first mode is adopted when the semiconductor die 102 is held by the
bonding mechanism 20.

[0051] In the first mode, the remover bar 43 is disposed between the supply reel 34 and
the bonding mechanism 20. The remover bar 43 is disposed above the bonding surface
21S. More specifically, the remover bar 43 is disposed above an imaginary line L1
connecting the supply pin 35B and the bonding surface 21S. This mode is obtained by
the actuator 44 contracting the drive bar 44b.

[0052] FIG. 5 shows the film peeling mechanism 40 immediately after a transition from
the first mode to a second mode has been completed. The second mode is a state in
which an operation of peeling the film 200 from the bonding surface 21S is being
performed. That is, the state immediately after the transition from the first mode to the

second mode shown in FIG. 5 has been completed is a state immediately before the
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operation of peeling off the film 200 starts.

[0053] When the mode is switched from the first mode to the second mode, first, the
remover bar 43 is moved from a position above the bonding surface 21S to a position
below the bonding surface 21S. This movement continues until the remover bar 43
contacts the film 200. This movement is sufficient if it includes a vertical movement
component C1. Therefore, this movement may be a composite CA of the vertical
movement component C1 and a lateral movement component C2. A lateral direction is
a direction approaching the bonding mechanism 20. Therefore, a configuration in
which the remover bar 43 is moved obliquely downward may be employed.

[0054] Immediately after the remover bar 43 contacts the film 200, the position of the
remover bar 43 is still above the bonding surface 21S. Therefore, the remover bar 43 is
further moved below the bonding surface 21S while the remover bar 43 pushes down the
film 200. The remover bar 43 is moved until at least the highest position on an outer
circumferential surface of the remover bar 43 is located below the bonding surface 21S.
In other words, the remover bar 43 i1s moved to the extent that a gap D is formed between
the highest position on the outer circumferential surface of the remover bar 43 and the
bonding surface 21S.

[0055] Such movement of the remover bar 43 is implemented by the actuator 44 in
cooperation with the link mechanism 45. Specifically, the actuator 44 extends a
protruding length of the drive bar 44b. Then, the arm body 42 protrudes and is pressed
in a direction Al. At this time, a torque corresponding to a distance between the
connection part 42a of the drive bar 44b in the arm body 42 and the fixed joints 46a and
47a of the first link 46 and the second link 47 is generated. This torque causes the drive
joints 46b and 47b of the first link 46 and the second link 47 to rotate counterclockwise

about the fixed joints 46a and 47a as centers of rotation, respectively. A movement
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trajectory of the arm body 42 is regulated by the movement of each one end of the first
link 46 and the second link 47. When each one end of the first link 46 and the second
link 47 rotates counterclockwise, each one end moves downward. Furthermore, each
one end approaches the bonding mechanism 20. Accordingly, the arm body 42 also
moves downward in accordance with the movement of each one end. Further, each one
end in the arm body 42 moves to approach the bonding mechanism 20. As a result, the
remover bar 43 fixed to the tip of the arm body 42 moves downward as shown by the
movement component C1. Further, the remover bar 43 moves closer to the bonding
mechanism 20 as shown by the movement component C2. Immediately after the
transition to the second mode has been completed, positions of the first link 46 and the
second link 47 are in front of a bottom dead center UD.

[0056] FIG. 6 shows the film peeling mechanism 40 when the second mode is in
progress. FIG. 7 shows the film peeling mechanism 40 when the film is completely
peeled off from the bonding surface 21S. The expression “in progress of the second
mode” indicates a period during which the remover bar 43 moves in a direction in which
the film 200 extends, thereby peeling off the film 200 from the bonding surface 218.
The direction in which the film 200 extends indicates a direction along a left to right
direction. However, the direction does not need to strictly correspond to the left to right
direction.

[0057] The remover bar 43 moves in a rightward direction A2 with at least the gap D
secured between the remover bar 43 and the bonding surface 21S. As a result, a part
200a of the film 200 is hooked on the remover bar 43. In this state, when the remover
bar 43 is further moved in the rightward direction A2, the film 200 is peeled off from the
bonding surface 21S in an obliquely downward direction A3. In a state in which the

film 200 is peeled off, there may be a case in which there is a part of the film 200
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adhered to the bonding surface 21S and a part of the film 200 immediately after being
peeled off from the bonding surface 21S between the remover bar 43 and the bonding
surface 218S.

[0058] Such movement of the remover bar 43 is realized by the actuator 44 in
cooperation with the link mechanism 45. Specifically, the actuator 44 further increases
the protruding length of the drive bar 44b. Immediately after the transition to the
second mode is completed, the positions of the first link 46 and the second link 47 are
just in front of the bottom dead center UD as shown by trajectories T1 and T2 in FIG. 5.
In the second mode, the first link 46 and the second link 47 further rotate
counterclockwise. As a result, one ends of the first link 46 and the second link 47 pass
through the bottom dead center UD as shown by the trajectories T1 and T2 in FIG. 7. In
the movement near the bottom dead center UD, an amount of movement of the drive
joints 46b and 47b of the first link 46 and the second link 47 in the vertical direction is
small. Therefore, the movement of the drive joints 46b and 47b of the first link 46 and
the second link 47 can be regarded as a rightward movement. Therefore, the remover
bar 43 can be moved substantially in the direction in which the film 200 extends. Here,
the extending direction of the film 200 is a direction along the bonding surface 21S.
[0059] As shown in FIG. 7, when the remover bar 43 is located rightward (on the
collection reel 37 side) from a center line L2 of the bonding surface 21S, the film 200
may be completely peeled off from the bonding surface 218S.

[0060] A final arrival position of the remover bar 43 may be a predetermined position.
The arrival position may be a position when the entire film 200 is peeled off from the
bonding surface 21S. The final arrival position in the present disclosure is the position
when the entire film 200 is peeled off from the bonding surface 21S. In this case, a

configuration in which it is detected that the entire film 200 is peeled off from the
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bonding surface 21S is required. Hereinafter, an example of a configuration for
detecting peeling of the film 200 will be described.

[0061] The detection of the peeling of the film 200 is performed by the control unit 8
controlling the supply reel 34 and the collection reel 37. First, in the first mode, the
control unit 8 rotates the supply reel 34 in an unwinding direction. This rotation causes
a slack in the film 200 between the supply reel 34 and the bonding mechanism 20. Next,
in the first mode, the control unit 8 rotates the collection reel 37 in the winding direction.
Here, when the film 200 is not stuck to the bonding surface 21S, the collection reel 37
winds up the film 200 by the slack of the film 200. Therefore, no load torque is
generated on the collection reel 37 during winding the slack, and a load torque is
generated after winding the slack. When such a change in torque is detected, it is
understood that the film 200 is not stuck to the bonding surface 218.

[0062] On the other hand, when the film 200 is stuck to the bonding surface 218S, the
slack is not wound even if the collection reel 37 is rotated. Therefore, immediately after
the rotation of the collection reel 37, a load torque is generated. When such a torque is
detected, it is understood that the film 200 is stuck to the bonding surface 218S.

[0063] In addition, the state in which the load torque is generated on the collection reel
37 is a state in which tension is generated in the film 200 between the bonding surface
21S and the collection reel 37. In such a state, the peeling operation described above is
performed. Then, the moment the entire film 200 is peeled off from the bonding surface
218, the tension is released. As a result, the collection reel 37 slightly rotates in the
winding direction. Therefore, when this rotation is detected, it can be considered that
the film 200 has been peeled off from the bonding surface 218S.

[0064] Further, the film 200 that has been released from tension may have a slack.

Therefore, the collection reel 37 is further slightly rotated in the winding direction.
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Then, no load torque is generated on the collection reel 37 during winding the slack.
On the other hand, after winding the slack, a load torque is generated. By detecting
such a change in torque, it is possible to reliably detect that the film 200 has been peeled
off.
[0065] <Bonding method>

Next, a bonding method using the bonding apparatus 1 will be described with
reference to FIG. 8. The bonding method according to the present disclosure is
performed using the bonding apparatus 1 shown in FIG. 1. The semiconductor device
100 (see FIG. 2) is manufactured by the bonding method of the present disclosure.
[0066] First, a plurality of diced semiconductor dies 102 are prepared on the wafer
stage 2 (S1). Specifically, the wafer 110 is prepared on the wafer stage 2. The wafer
110 includes the plurality of semiconductor dies 102 adhered to a film. The wafer 110
is disposed on the wafer stage 2. At this time, the first main surfaces 102a of the
plurality of semiconductor dies 102 face upward. Further, the second main surfaces
102b face the wafer stage 2.
[0067] Next, the semiconductor dies 102 are transferred to the intermediate stage 3 (S2).
For example, the plurality of semiconductor dies 102 on the wafer stage 2 are transferred
to the intermediate stage 3 one by one. This transfer is performed by a suction tool in
cooperation with a pickup unit.
[0068] Next, the film 200 is mounted on the bonding surface 21S (S3). Then, suction
pores are formed in the mounted film 200 (S4).
[0069] Next, the semiconductor die 102 is sucked (S5). First, the control unit 8
controls the XY stage 7 to move the bonding mechanism 20 onto the intermediate stage 3.
Subsequently, the control unit 8 controls the Z axis drive mechanism 13 to move the

bonding mechanism 20 in the negative Z axis direction. The control unit 8 stops
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moving when the second main surface 102b of the semiconductor die 102 comes into
contact with the film 200 on the bonding surface 21S. Next, the control unit 8 controls
the pneumatic system to start suction using the suction holes. Due to this suction, the
semiconductor die 102 is sucked by the bonding mechanism 20. Then, the control unit
8 controls the Z axis drive mechanism 13 to move the bonding mechanism 20 in the
positive Z axis direction.

[0070] Next, the semiconductor die 102 is thermocompression-bonded to the substrate
101 via the adhesive member 103 using the bonding mechanism 20 (S6).

[0071] Specifically, first, the control unit 8 controls the XY stage 7 to move the bonding
mechanism 20 onto the substrate 101 (S6a). As a result, the bonding mechanism 20 that
has sucked the semiconductor die 102 moves onto the bonding stage 4. The substrate
101 is disposed on the bonding stage 4. The adhesive member 103 is disposed on a
region of the substrate 101 on which the semiconductor die 102 is mounted. The
adhesive member 103 is in the form of a paste at room temperature.

[0072] Next, the control unit 8 detects the position of the substrate 101 using the
imaging unit 14 or the like (S6b). Next, the control unit 8 controls the supply reel 34
and/or the collection reel 37 to release tension in the film 200 (S6c). Next, the control
unit 8 performs final alignment between the semiconductor die 102 and the substrate 101
(Sé6d). At this time, the semiconductor die 102 is held by the bonding mechanism 20
via the film 200. Then, in step Sé6c, since the tension in the film 200 is relaxed, the
semiconductor die 102 can be moved with the movement of the bonding mechanism 20.
Specifically, in order to adjust the position of the semiconductor die 102 around the Z
axis with respect to the substrate 101, the control unit 8 slightly rotates the bonding
mechanism 20 around the Z axis. In this case, the semiconductor die 102 also rotates

around the Z axis with the movement of the bonding mechanism 20 because the tension
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in the film 200 is relaxed.

[0073] Next, the control unit 8 controls the supply reel 34 and/or the collection reel 37
to apply tension to the film 200 (S6e).

[0074] Next, the control unit 8 performs thermocompression bonding of the
semiconductor die 102 to the substrate 101 (S6f). The control unit 8 transmits a control
signal to the Z axis drive mechanism 13. As a result, the bonding mechanism 20 is
lowered toward the bonding stage 4. This lowering operation is continued until the
bump electrodes 106 contacts the first main surface 101a of the substrate 101. When
the contact of the bump electrodes 106 with the substrate 101 is detected, the control unit
8 stops the lowering operation. Further, the control unit 8 transmits a control signal to
the heater 22 (heat source). As a result, the heater 22 starts heating. This heating
operation may be started while the lowering operation is performed, or may be started
after the lowering operation is completed. According to the lowering operation and the
heating operation, heat is transmitted from the bonding surface 21S to the adhesive
member 103 via the semiconductor die 102 that has contacted the adhesive member 103
due to the lowering operation. This heat cures the adhesive member 103.

[0075] An adhesive material may have a film-like shape at room temperature. This
film-shaped adhesive material is softened by receiving heat. Therefore, the control unit
8 performs the lowering operation and the heating operation in parallel, thereby pressing
the semiconductor die 102 downward while softening the film-shaped adhesive material,
and bringing the bump electrodes 106 into contact with the substrate 101. Then, the
control unit 8 stops the heating operation. As a result, a temperature of the film-shaped
adhesive material rises. As a result, the adhesive material is cured. By this curing, the
semiconductor die 102 is fixed to the substrate 101.

[0076] By the above operations, the bump electrodes 106 of the semiconductor die 102
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and a wiring of the substrate 101 are electrically connected to each other. At the same
time, a space between the semiconductor die 102 and the substrate 101 is encapsulated
with resin. Also, the adhesive member 103 is not limited to an aspect in which it is
provided on the substrate 101 in advance before bonding. The adhesive member 103
may be filled as an underfill between the semiconductor die 102 and the substrate 101
during the bonding process.

[0077] After the thermocompression bonding of the semiconductor die 102 to the
substrate 101 is completed, the semiconductor die 102 is separated from the bonding
surface 21S (S6g). The control unit 8 causes the suction operation of the suction holes
to be in an off state. Thereafter, the control unit 8 controls the Z axis drive mechanism
13 to move the bonding mechanism 20 in the positive Z axis direction. According to
these operations, only the semiconductor die 102 can be separated from the bonding
surface 21S while the film 200 is restrained.

[0078] A step (S7) of peeling the film 200 from the bonding mechanism 20 is
performed. First, the control unit 8 checks whether or not the film 200 is stuck to the
bonding surface 21S (S7a). When the film 200 sticks to the bonding surface 2185, the
film 200 may stick to the entire bonding surface 21S, and the film 200 may stick to a part
of the bonding surface 21S. This checking is performed by the control unit 8
controlling the supply reel 34 and the collection reel 37 as described above. Next, when
the sticking is not detected, the process is performed again sequentially from the step S1.
On the other hand, when sticking is detected, the peeling operation is performed. First,
in order to detect that the film 200 has been peeled off using the peeling operation, the
control unit 8 controls the supply reel 34 and the collection reel 37 to loosen the film 200
on the supply reel 34 side and apply tension to the film 200 on the collection reel 37 side

(S7b: a first operation). Then, the control unit 8 controls the actuator 44 to perform the
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peeling operation (S7c: a second operation). Then, after the peeling operation has been
completed, it is checked again whether or not the film 200 is stuck to the bonding
mechanism 20 (S7a). Then, when the sticking is not detected, the steps are performed
again from the step S1. When sticking is detected, the step S7b is performed again.
[0079] Next, effects of the bonding apparatus 1 and the bonding method will be
described.

[0080] In the bonding method and the bonding apparatus 1, the bonding mechanism 20
holds the semiconductor die 102 via the film 200 supplied to the bonding surface 218S.
Then, the bonding mechanism 20 provides heat from the heater 22 to the bonding surface
218, and performs thermocompression bonding of the held semiconductor die 102 to the
substrate 101 via the adhesive material. The bonding surface 21S is covered with the
film 200 even if the adhesive material creeps up. Therefore, it becomes possible to
protect the bonding surface 21S from the adhesive material that creeps up. Furthermore,
when heat for thermocompression bonding is provided, the heat is transmitted to the
semiconductor die 102 via the bonding surface 21S and the film 200. As a result, the
heat may cause the film 200 to stick to the bonding surface 21S. Therefore, the bonding
apparatus 1 causes the remover bar 43 to enter between the film 200 and the bonding
surface 21S. By this operation, the film 200 stuck to the bonding surface 218 is peeled
off. Therefore, the bonding apparatus 1 can protect the bonding surface 21S from the
adhesive material and can eliminate sticking of the film 200 to the bonding surface 218S.
Therefore, the bonding apparatus 1 that uses the film 200 to prevent the creeping up can
inhibit a decrease in productivity.

[0081] Incidentally, as a configuration for eliminating sticking of the film 200 to the
bonding surface 2185, the relative positions of the bonding mechanism 20 and the film

conveyance mechanism 30 in the vertical direction may be changed. For example, the
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entire film conveyance mechanism 30 may be lowered downward while the position of
the bonding mechanism 20 is maintained. However, such a configuration requires a
configuration for moving the bonding mechanism 20 and the film conveyance
mechanism 30. Further, in the case of the movable configuration, since the rigidity
tends to decrease, it may affect bonding accuracy.

[0082] On the other hand, the bonding apparatus 1 eliminates sticking of the film 200
using the remover bar 43 without moving the bonding mechanism 20 and the film
conveyance mechanism 30. Therefore, the configuration for moving the bonding
mechanism 20 and the film conveyance mechanism 30 is unnecessary. As a result, the
bonding apparatus 1 can secure desired rigidity.

[0083] A driving force is supplied to the film peeling mechanism 40 from one actuator
44. Further, the film peeling mechanism 40 realizes the trajectory of the remover bar 43
using the link mechanism 45. Accordingly, it is possible to simplify a configuration of a
drive mechanism by reducing the number of drive shafts. As a result, the film peeling
mechanism 40 can realize complicated trajectory control with a simple configuration.
[0084] The film conveyance mechanism 30 has the supply reel 34 and the collection
reel 37 that are disposed above the bonding surface 21S with the bonding mechanism 20
interposed therebetween. The film 200 supplied from the supply reel 34 is wound
around the collection reel 37 via the bonding surface 21S. The film peeling mechanism
40 has the actuator 44 for driving the remover bar 43 and the link mechanism 45. The
drive unit 50 switches the remover bar 43 between the first mode in which the remover
bar 43 is disposed between the supply reel 34 and the bonding mechanism 20 and above
the bonding surface 21S and the second mode in which the remover bar 43 is moved
below the bonding surface 21S in the extending direction of the film 200 while being in

contact with the film 200. According to this configuration, the remover bar 43 is moved
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below the bonding surface 21S in the extending direction of the film 200. As a result,
the film 200 stuck to the bonding surface 21S can be peeled off while being pulled
obliquely downward. Therefore, the film 200 can be reliably peeled off from the
bonding surface 218S.

[0085] When the mode is switched from the first mode to the second mode, the drive
unit 50 moves the remover bar 43 from above the bonding surface 21S to below the
bonding surface 21S until the remover bar 43 contacts the film 200. Next, after the
remover bar 43 is brought into contact with the film 200, the remover bar 43 is moved
further below the bonding surface 21S while pressing down the film 200. According to
this operation, the remover bar 43 can be reliably moved below the bonding surface 218.
As a result, the peeling operation can be performed with the gap D secured between the
remover bar 43 and the bonding surface 21S.

[0086] The bonding apparatus 1 further includes the control unit 8 that controls
operations of the supply reel 34, the collection reel 37, and the drive unit 50. When the
mode is the first mode, the control unit 8 controls the supply reel 34 such that tension is
not generated in a portion of the film 200 stretched from the supply reel 34 to the
bonding surface 21S. The control unit 8 performs the first operation of controlling the
collection reel 37 such that tension is generated in a portion of the film 200 stretched
from the bonding surface 21S to the collection reel 37. After the first operation, the
control unit 8 performs the second operation of controlling the drive unit 50 to be
switched from the first mode to the second mode. According to this configuration, a
slack is generated in the film 200 using the supply reel 34. Then, if the slack can be
recovered when the collection reel 37 is driven, it indicates that there is no part of the
film 200 stuck to another member between the supply reel 34 and the collection reel 37.

Therefore, the presence or absence of sticking of the film 200 to the bonding surface 21S
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can be detected. Further, the peeling operation is performed, and the slack is recovered
by the collection reel 37 at the moment when the film 200 is peeled off from the bonding
surface 21S. Therefore, it can be reliably detected that the film 200 has been peeled off
from the bonding surface 218S.

[0087] The bonding apparatus 1 further includes the bonding head 11 to which the
bonding mechanism 20 and the film conveyance mechanism 30 are attached and which is
rotatable around the normal direction of the bonding surface. According to this
configuration, a posture of the semiconductor die 102 held by the bonding mechanism 20
can be corrected with respect to the substrate 101.

[0088] As described above, the bonding apparatus and the bonding method of the
present disclosure have been described in detail based on the embodiments. However,
the bonding apparatus and the bonding method of the present disclosure are not limited to
the above embodiment. Various modifications can be made to the bonding apparatus
and the bonding method of the present disclosure without departing from the gist thereof.

[0089] In the above embodiment, the air permeability is ensured by performing a
perforation process on the film having no air holes. For example, the film may be air
permeable from the beginning. For example, a film formed of a porous sheet and a
nonwoven fabric may be used. In this case, the step of forming pores in the film (S4) is
unnecessary in the bonding method. In addition, the bonding apparatus does not require
a mechanism for forming pores in the film. Therefore, the configuration of the bonding
apparatus can be simplified, and the number of steps of the bonding method can be
reduced.

[0090] In the above disclosure, the air cylinder is exemplified as the drive source of the
film peeling mechanism 40, but the drive source is not limited thereto. For example, a

motor that generates rotational torque may be used as the drive source.
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[Reference Signs List]
[0091] 1 Bonding apparatus
2 Wafer stage
2a Mounting surface
3 Intermediate stage
3a Placement surface
4 Bonding stage
4a Mounting surface
6 Bonding unit
7 XY stage
8 Control unit
8a Operation unit
8b Display unit
9 Imaging unit
11 Bonding head
12 Bonding tool
13 Z axis drive mechanism
14 Imaging unit
20 Bonding mechanism
21 Body
21a Base block
21S Bonding surface
22 Heater
30 Film conveyance mechanism

31 Supply unit
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32 Collection unit

33 Supply body

34 Supply reel

35A, 35B Supply pin
36 Collection body
37 Collection reel
38A, 38B Collection pin
40 Film peeling mechanism
41 Cover

42 Arm body

42a Connection part
43 Remover bar

44 Actuator

44a Actuator body
44b Drive bar

45 Link mechanism
46 First link

46a Fixed joint

46b Drive joint

47 Second link

47a Fixed joint

47b Drive joint

50 Drive unit

101 Substrate

101a First main surface
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101b Second main surface
102 Semiconductor die
102a First main surface
102b Second main surface
103 Adhesive member
104 Electrode pad

106 Bump electrode

108 Protective film

107 Electrode pad

110 Wafer

110a First main surface
110b Second main surface
200 Film

A1 Protruding direction

A2 Rightward direction

A3 Obliquely downward direction

CA Composite

C1, C2 Movement component

D Gap

L1 Imaginary line
L2 Center line

T1 Trajectory

T2 Trajectory

UD Bottom dead center
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[CLAIMS]

1. A bonding apparatus that mounts an electronic component on a substrate or
another electronic component, comprising:
a bonding unit, includes:
a bonding surface, detachably holding the electronic component via a
film, and
a heat source, supplying heat to the bonding surface;
a film supply unit which supplies the film along the bonding surface;
a peeling member which is capable of entering between the film and the bonding
surface; and
a drive unit which moves the peeling member between the film and the bonding

surface to separate the film from the bonding surface.

2. The bonding apparatus according to claim 1, wherein

the film supply unit includes a pair of reels which sandwich the bonding unit and
apply tension to the film,

the film supplied from one of the reels is wound on the other reel via the
bonding surface, and

the drive unit switches the peeling member between a first mode and a second
mode,

in the first mode, the peeling member is disposed between the one reel and the
bonding unit or between the other reel and the bonding unit and is disposed above the

bonding surface,
30



in the second mode, the peeling member is moved below the bonding surface in

an extending direction of the film while in contact with the film.

3. The bonding apparatus according to claim 2, wherein
5 when the peeling member is switched from the first mode to the second mode,
the drive unit moves the peeling member from above the bonding surface to below the
bonding surface until the peeling member contacts the film to contact the peeling
member with the film, and then moves the peeling member further below the bonding
surface with the film pressed down.
10
4. The bonding apparatus according to claim 3, further comprising:
a control unit which controls operations of the pair of reels and the drive unit,
wherein the control unit performs:
a first operation of, in the first mode, controlling one of the reels such
15 that tension is not generated in a portion of the film stretched from the one reel
to the bonding surface, and controlling the other reel such that tension is
generated in a portion of the film stretched from the bonding surface to the other
reel, and
a second operation of, after the first operation, controlling the drive unit

20 to switch from the first mode to the second mode.

5. The bonding apparatus according to any one of claims 1 to 4, further
comprising:
a base to which the bonding unit and the film supply unit are attached, and

25  which is rotatable around a normal direction of the bonding surface.
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6. A bonding method for mounting an electronic component on a substrate or
another electronic component, comprising steps of:

supplying a film from a film supply unit to a bonding surface of a bonding unit
that detachably holds the electronic component, and then holding the electronic
component on the bonding surface via the film;

mounting the electronic component held on the bonding surface to the substrate
or another electronic component; and

operating a drive unit which drives a peeling member that is capable of entering
between the film and the bonding surface to cause the peeling member to enter between

the film and the bonding surface, thereby separating the film from the bonding surface.
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