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DESCRIPTION
TITLE OF INVENTION
SEMICONDUCTOR DEVICE MANUFACTURING DEVICE AND MANUFACTURING

METHOD

Technical Field

[0001] The specification discloses a manufacturing device and a manufacturing method for
manufacturing a semiconductor device by bonding a semiconductor chip to a substrate by using a
bonding head having a copying mechanism.

Related Art

[0002] A technique for manufacturing a semiconductor device by driving a bonding head in a
state in which a semiconductor chip is sucked and held on a tip surface (referred to as "holding
surface" in the following) of a bonding head and bonding the semiconductor chip to a substrate is
widely known in the conventional art. In such manufacturing technique for a semiconductor
device, in order to favorably bond the semiconductor chip to a front surface of the substrate, it is
required that the holding surface is parallel to a planar surface of the substrate with high
accuracy.

[0003] A manufacturing device in which a copying mechanism is mounted to the bonding head
in order for the holding surface to be parallel to the substrate by a simple procedure is also
known. Here, the copying mechanism has a fixed member including one of a concave spherical
surface and a convex spherical surface and a movable member including the other of the concave
spherical surface and the convex spherical surface. The movable member is capable of
swinging three-dimensionally with respect to the fixed member. The copying mechanism is

switchable between a free state in which the movable member is swingable and a locked state in
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which the swinging of the movable member is limited.

[0004] Patent Document 1 discloses a bonding head in which such copying mechanism is
mounted. In Patent Document 1, when the copying mechanism is set to the free state, a second
target object held by the bonding head is brought to abut against and press a first target object
held on a stage, thereby adjusting the abutting surface of the second target object to be parallel to
the surface of the first target object.

Citation List

Patent Literature

[0005] [Patent Literature 1] Japanese Patent Lain-Open No. 3919684

SUMMARY OF INVENTION
Technical Problem
[0006] According to the technique of Citation 1, the holding surface of the bonding head can
be parallel to a certain extent to the stage by a simple procedure. However, in the case where
the second target object held by the holding surface of the bonding head or the bonding head is
simply pressed to the stage or the first target object held by the stage, due to the influence of
friction, etc., the holding surface may not be in completely parallel. That is, in the conventional
technique, it is difficult to adjust the holding surface of the bonding head to be parallel to the
planar surface of the stage at high accuracy.
[0007] Therefore, the specification discloses a semiconductor device manufacturing device
and manufacturing method capable of adjusting the holding surface of the bonding head to be
parallel to the planar surface of the stage with high accuracy by a simple procedure.
Solution to Problem

[0008] A semiconductor device manufacturing device disclosed in the specification includes: a
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stage on which a substrate is mounted; a bonding head, sucking and holding a chip by using a
holding surface opposite to the stage, and being relatively movable with respect to the stage in a
surface direction and a normal direction of the stage; a copying mechanism, which is a copying
mechanism provided in the bonding head, and provided with a fixed member comprising one of
a concave spherical surface and a convex spherical surface and a movable member comprising
another of the concave spherical surface and the convex spherical surface and provided to be
swingable with the holding surface with respect to the fixed member; and a controller, executing
a copying process adjusting a facing surface, which is an end surface of the chip held on the
holding surface or the holding surface, to be parallel to a reference plane, which is a planar
surface of a substrate held by the stage or a planar surface of the stage, by having the facing
surface follow the reference plane. The copying mechanism is switchable between a free state
in which the movable member is swingable and a locked state in which swinging of the movable
member is limited, and in the copying process, the controller moves the bonding head relative to
the surface direction of the reference plane while keeping the facing surface abutting against the
reference plane in a state in which the copying mechanism is set to the free state until an axial
direction position of the bonding head reaches a predetermined reference position, and switches
the copying mechanism to the locked state at a time when the axial direction position reaches the
reference position.

[0009] In this case, in the copying process, the controller may move the bonding head at least
in four directions parallel to the reference plane.

[0010] In addition, in the copying process, in a procedure of moving the bonding head along a
predetermined copying route, the controller may specify the axial direction position at a time
when the axial direction position is closest to the stage as the reference position.

[0011] In addition, the reference position may be determined in advance based on a
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configuration of the bonding head 14 and the stage or a result of a previous copying process.
[0012] A manufacturing method of a semiconductor device disclosed in the specification is a
manufacturing method which manufactures the semiconductor device by bonding a chip sucked
and held by a holding surface of a bonding head having a copying mechanism to a substrate
mounted on a stage. The manufacturing method includes: a copying step of adjusting a facing
surface, which is an end surface of the chip held on the holding surface or the holding surface, to
be parallel to a reference plane, which is a planar surface of a substrate held by the stage or a
planar surface of the stage, by having the facing surface follow the reference plane. The
copying mechanism is provided with a fixed member comprising one of a concave spherical
surface and a convex spherical surface and a movable member comprising another of the
concave spherical surface and the convex spherical surface and provided to be swingable with
the holding surface with respect to the fixed member, and the copying mechanism is switchable
between a free state in which the movable member is swingable and a locked state in which
swinging of the movable member is limited. In the copying step, the bonding head is moved
relative to the surface direction of the reference plane while keeping the facing surface abutting
against the reference plane in a state in which the copying mechanism is set to the free state until
an axial direction position of the bonding head reaches a predetermined reference position, and
the copying mechanism is switched to the locked state at a time when the axial direction position
reaches the reference position.

Effects of Invention

[0013] According to the technique disclosed in the specification, the holding surface of the
bonding head can be adjusted to be parallel to the planar surface of the stage at high accuracy by

a simple procedure.
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BRIEF DESCRIPTION OF DRAWINGS
[0014]
FIG. 1 is a view illustrating a configuration of a semiconductor device manufacturing device.
FIG. 2 is a view illustrating a configuration of a copying mechanism.
FIG. 3 is a view explaining the principle of a copying process.
FIG. 4 is a view illustrating an example of a copying route.
FIG. 5 is a view illustrating another example of a copying route.
FIG. 6 is a flowchart illustrating a flow of the copying process.

FIG. 7 is a flowchart illustrating a flow of the copying process of another example.

DESCRIPTION OF EMBODIMENTS

[0015] In the following, the configuration of a manufacturing device 10 of a semiconductor
device is described with reference to the drawings. FIG. 1 is a view illustrating the
configuration of the manufacturing device 10. As shown in FIG. 1, the manufacturing device
10 includes a stage 12 on which a substrate 100 is mounted, and a bonding head 14 sucking and
holding a semiconductor chip 102.

[0016] The stage 12 is able to suck and hold the substrate 100. Inside the stage 12, a heater
(not shown) for heating the substrate 100 is mounted. The heating and sucking of the stage 12
are controlled by a controller 34 to be described afterwards. The stage 12 of this example is a
fixed stage whose positions in the vertical direction and the horizontal direction remain the same.
However, depending on the situation, the stage 12 may also be movable in at least one of the
vertical direction and the horizontal direction.

[0017] The bonding head 14 is provided to be opposite to the stage 12, and is movable with

respect to the stage 12 in the horizontal direction and the vertical direction. In order to move
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the bonding head 14, a movement mechanism 26 is provided. The movement mechanism 26,
for example, includes a drive source such as a motor, a hydraulic pressure cylinder, etc., and a
transmission mechanism, such as a linear motion mechanism, a gear, etc., transmitting the action
of the drive source to the bonding head 14. The driving of the movement mechanism 26 is
controlled by the controller 34.

[0018] The bonding head 14 sucks and holds the semiconductor chip 102 on a holding surface
20, which is a tip surface of the bonding head 14. Therefore, a suction hole (not shown) for
sucking and holding the semiconductor chip 102 is formed on the tip part of the bonding head
14, and the suction hole is connected to a vacuum source 30 via an air pipe 31. In addition, a
heater 24 for heating the semiconductor chip 102 being held is hidden in the tip part of the
bonding head 14. The heater 24 is controlled by a heater driving part 28.

[0019] After sucking and holding the semiconductor chip 102 by using the holding surface 20,
the bonding head 14 mounts the semiconductor chip 102 on the front surface of the substrate
100, and performs pressing and heating, thereby bonding the semiconductor chip 102 to the
substrate 100. In recent years, the miniaturization of semiconductor processes has led to a high
degree of integration of semiconductor devices. To enable such high integration, it is necessary
to keep the degree of parallelism between the substrate 100 and the semiconductor chip 102
bonded to the substrate 100 with high accuracy. As a means of such parallelism adjustment, a
manual angle adjustment apparatus known as a goniometer stage, a method for fine-tuning the
inclination by sandwiching a shim, etc., have been proposed. However, these conventional
parallelism adjustment means require high skills and a significant amount of adjustment time.
[0020] Therefore, to be able to perform parallelism adjustment by a simple procedure, a
copying mechanism 22 is mounted to the bonding head 14 of the example. The copying

mechanism 22 is an air pressure apparatus in which a spherical air static pressure bearing 44 (as
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shown in FIG. 2) is provided. In the following, in the bonding head 14, the upper side with
respect to the copying mechanism 22 is referred to as "upper part 14u", and the lower side is
referred to as "lower part 14d".

[0021] FIG. 2 is a view illustrating an example of the configuration of the copying mechanism
22. The copying mechanism 22 has a fixed member 40, a movable member 42 movable with
respect to the fixed member 40, and a holder 43. The spherical air static pressure bearing 44 is
configured by the fixed member 40 and the movable member 42. The upper end of the fixed
member 40 is fixed to the upper part 14u of the bonding head 14. The bottom surface of the
fixed member 40 is formed as a concave semi-spherical surface. In addition, an air passage 46
for supplying or sucking air is formed in the fixed member 40. The air passage 46 penetrates
from the side surface of the fixed member 40 to the bottom surface (that is, the concave
semi-spherical surface). An air pipe 47 (see FIG. 1) for fluid connection between the air
passage 46 and the copying mechanism driving part 32 is connected to the side surface of the
fixed member 40.

[0022] The movable member 42 is held to be three-dimensionally swingable with respect to
the fixed member 40. The lower end of the movable member 42 is fixed to the lower part 14d
of the bonding head 14, and the movable member 42 is swingable with the holding surface 20.
In addition, the upper surface of the movable member 42 forms a convex semi-spherical surface
corresponding to the concave semi-spherical surface of the fixed member 40. The holder 43
holds the movable part 42 so as not to interfere with the swinging of the movable member 42.
[0023] In the copying mechanism 22, by injecting compressed air from the concave
semi-spherical surface of the fixed member 40, the movable part 42 is separated from the fixed
member 40 and supported in a non-contact state. Accordingly, the sliding resistance of the

movable member 42 is significantly reduced, and it is possible to rotate with high accuracy by
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exerting a light force. In addition, by stopping supplying the compressed air and
vacuum-sucking the movable member 42, the movable member 42 can be fixed in a
predetermined posture. In the following, a state in which the compressed air is injected, and the
swinging of the movable member 42 is allowed is referred to as "free state", and a state in which
the movable member 42 is vacuum-sucked and the swinging of the movable member 42 is
limited is referred to as "locked state".

[0024] The switching of the free state and the locked state of such copying mechanism 22 is
performed by the copying mechanism driving part 32. The copying mechanism driving part 32
is provided with a compressor for supplying compressed air and a vacuum source for vacuum
suction. In addition, the driving of the copying mechanism driving part 32 is controlled by the
controller 34.

[0025] The controller 34 controls the driving of the respective parts of the manufacturing
device 10. Specifically, the controller 34 executes a mounting process which drives the
movement mechanism 26 or the heater driving part 28, the vacuum source 30, etc., and bonds the
semiconductor chip 102 to the substrate 100. In addition, prior to the mounting process, the
controller 34 also executes a copying process which adjusts the parallelism between the end
surface of the semiconductor chip 102 held on the holding surface 20 or the holding surface 20
and the planar surface of the substrate 100 held by the stage 12 or the planar surface of the stage
12 by having the end surface of the semiconductor chip 102 held on the holding surface 20 or the
holding surface follow the planar surface of the substrate 100 held by the stage 12 or the planar
surface of the stage 12. In addition, in the following, the end surface of the semiconductor chip
102 held on the holding surface 20 or the holding surface 20 is referred to as "facing surface 50",
and the planar surface of the substrate 100 held by the stage 12 or the planar surface of the stage

12 is referred to as "reference plane 110".
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[0026] Such controller 34 is a computer having a processor executing various computations
and a memory storing data and programs. Prior to the mounting process of the semiconductor
chip 102, the controller 34 of this example executes the copying process for making adjustment
so that the holding surface 20 is parallel with respect to the planar surface of the stage 12. In
the following, the copying process is described.

[0027] FIG. 3 is a view illustrating an image explaining the principle of the copying process.
In FIG. 3, the holding surface 20 is adopted as the facing surface 50, and the planar surface of the
stage 12 is adopted as the reference plane 110. In general, there is a deviation in the inclination
of an axis or a surface in a device. Due to the deviation, the facing surface 50 may be inclined
with respect to the reference plane 110. In the example of FIG. 3, an axis A of the upper part
14u of the bonding head 14 is inclined with respect to an ideal axis A*.

[0028] In order to correct such inclination, in recent years, the use of the copying mechanism
22 is proposed. Specifically, it is proposed to adjust the parallelism of the holding surface 20
by abutting the holding surface 20 against the reference plane 110 after setting the copying
mechanism 22 to the free state. In the case of the free state, the movable member 42 is
swingable by a very light force. Therefore, in theory, as shown on the left of FIG. 3, the
movable member 42 swings until a posture at which the entire facing surface 50 contacts the
reference plane 110 and the facing surface 50 is parallel to the reference plane 110. In addition,
at the time point of becoming parallel, if the copying mechanism 22 is switched to the locked
state and the swinging of the movable member 42 is limited, the degree of parallelism of the
facing surface 50 with respect to the reference plane 110 can be maintained with high accuracy.
[0029] However, in reality, due to slight resistance or the influence of the weight of a pipe,
etc., as shown on the right of FIG. 3, the inclination of the facing surface 50 cannot be

completely resolved by simply abutting the facing surface 50 against the reference plane 110, and
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there is still remaining parallelism offset. In the case where the copying mechanism 22 is
locked in a state in which there is remaining parallelism offset, the degree of parallelism of the
facing surface 50 with respect to the reference plane 110 cannot be maintained with high
accuracy.

[0030] In the example, in order to more reliably reduce the remaining parallelism offset, in the
state in which the copying mechanism 22 is set to the free state, the bonding head 14 is moved
relative to the surface direction of the reference plane 110 while the facing surface 50 is kept
abutting against the reference plane 110. Such movement easily triggers the swinging of the
movable member 42, making the facing surface 50 parallel to the reference plane 110.

[0031] That is, at the time when the movable member 42 swings so as to become completely
parallel as shown on the left of FIG. 3 from the state in which there is still remaining parallelism
offset as shown on the right of FIG. 3, a contact point P of the facing surface 50 with the
reference plane 10 slides in the outer side direction (right direction in the right part of FIG. 3).
Triggered by such sliding, the bonding head 14 is moved in the horizontal direction, specifically,
the outer side direction when viewed from the contact point P. Thus, the movable member 42
swings easily and, as a result, the facing surface 50 easily becomes parallel with respect to the
reference plane 110.

[0032] Here, as clearly shown in FIG. 3, compared with the state in which there is remaining
parallelism offset, in the case of being completely parallel, an axial direction position Pz of the
bonding head 14 is close to side of the stage 12. Therefore, the axial direction position Pz of
the bonding head 14 reflects the degree of parallelism of the facing surface 50.

[0033] Therefore, in the example, in the state in which the copying mechanism 22 is set to the
free state, when the bonding head 14 is moved relative to the surface direction of the reference

plane 110, the axial direction position Pz of the bonding head 14 is observed, and when the axial
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direction position Pz reaches a predetermined reference position Pzdef, the copying mechanism
22 is switched to the locked state. Here, the reference position Pzdef may be specified in the
process in which the bonding head 14 is moved in the surface direction, and may also be
determined in advance according to the configuration of the stage 12 and the bonding head 14.
In either case, the axial direction position Pz able to determine that the entire facing surface 50
contacts the reference plane 110 is set as the reference position.

[0034] In addition, depending on the orientation of the inclination of the facing surface 50, the
movement direction of the bonding head 14 able to reduce the inclination differs. For example,
on the right of FIG. 3, the facing surface 50 is inclined toward the lower right. In such case,
compared with moving the bonding head 14 leftward, the chance of reducing the remaining
offset by moving the bonding head 14 rightward is higher. However, it is difficult to learn the
orientation of the inclination of the facing surface 50 beforehand. Therefore, at the time when
the bonding head 14 is moved in the surface direction, the bonding head 14 is at least moved in
four directions parallel to the reference plane 110. For example, the bonding head 14 is moved
in the +X direction, -X direction, +Y direction, and -Y direction. By moving the bonding head
14 in such four directions, in whichever orientation the facing surface 50 is inclined, the
inclination can be more reliably resolved.

[0035] FIG. 4 is a view illustrating an example of a route (referred to as "copying route 60" in
the following) at the time when the bonding head 14 is moved. In the example of FIG. 4, the
copying route 60 is in a rectangular spiral shape from the center of the stage 12 toward the outer
side. However, the shape of the copying route 60 may be changed as appropriate, such as a
one-stroke cross shape as shown in FIG. 5. In any case, such copying route 60 is stored in
advance in the storage part of the controller 34.

[0036] Then, a flow of the copying process for adjusting the facing surface 50 to be parallel

-11-
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with respect to the reference plane 110 is described. FIG. 6 is a flowchart illustrating a flow of
the copying process. When the copying process is executed, the bonding head 14 may hold or
not hold a chip member. In the case of holding a chip member, the bottom surface of the chip
member serves as the facing surface 50. In addition, in the case of not holding a chip member,
the holding surface 20 of the bonding head 14 serves as the facing surface 50. Similarly, the
stage 12 may hold or not hold the substrate 100. In the case of holding the substrate 100, the
upper surface of the substrate 100 serves as the reference plane 110, and in the case of not
holding the substrate 100, the upper surface of the stage 12 serves as the reference plane 110.
[0037] At the time of executing the copying process, the controller 34 firstly drives the
copying mechanism driving part 32 and switches the copying mechanism 22 to the free state
(S10). Then, the controller 34 drives the movement mechanism 26 and lowers the bonding
head 14 until the facing surface 50 abuts against the reference plane 110 (S12). The presence or
absence of the abutting, for example, may be determined by detecting a reaction force from the
reference plane 110, and may also be determined from a change of the axial direction position Pz
of the bonding head 14.

[0038] If the facing surface 50 abuts against the reference plane 110, the controller 34 drives
the movement mechanism 26 to move the bonding head 14 along the copying route 60 (S14),
while maintaining the copying mechanism 22 in the free state. At the time of the movement,
the axial direction position Pz of the bonding head 14 is detected by the position sensor provided
in the movement mechanism 26. The controller 34 periodically detects the axial direction
position Pz detected by the position sensor and stores the axial direction position Pz in the
storage part (S16).

[0039] If the movement along the predetermined copying route 60 ends (Yes in S18), the

controller 34 specifies a lowest point height Pzmin which is the minimum (i.e., closest to the
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stage 12) among the axial direction positions Pz stored in the storage part, and sets the lowest
point height Pzmin as the reference position Pzdef (S20). Then, the controller 34 determines
whether the current axial direction position Pz of the bonding head 14 is at the reference position
Pzdef (S22). In the case where the current axial direction position Pz is at the reference
position Pzdef (Yes in S22), the controller 34 determines that the remaining parallelism offset
has been resolved, and drives the copying mechanism driving part 32 to switch the copying
mechanism 22 to the locked state (S26). Meanwhile, in the case where the current axial
direction position Pz does not appear at the reference position Pzdef (No in S22), the controller
34 drives the movement mechanism 26 and moves the bonding head 14 in a direction parallel to
the reference plane 110 (S24). The movement route at this time may be the same as or different
from the copying route 60. In any case, if the result of movement indicates that the current
axial direction position Pz reaches the reference position Pzdef (Yes in S22), the copying
mechanism 22 is switched to the locked state (S26).

[0040] As described above, in the example, after the facing surface 50 abuts against the
reference plane 110, the bonding head 14 is moved in the surface direction while the free state is
maintained. As a result, the remaining parallelism offset generated due to friction or the weight
of the pipe, etc., can be more reliably reduced, and the degree of parallelism of the facing surface
50 with respect to the reference plane 110 can remain high. Also, in the example, based on the
axial direction position Pz obtained during the process of moving the bonding head 14 in the
surface direction, the reference position Pzdef is set. As a result, even if the configuration of
the bonding head 14 and the stage 12 is changed from the time when the configuration is
designed due to changes through time, etc., a suitable reference position Pzdef can still be set.
[0041] Then, the flow of the copying process of another example is described. FIG. 7 is a

flowchart illustrating a flow of the copying process of another example. In the copying process,
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the controller 34 sets the reference position Pzdef in advance and stores the reference position
Pzdef in the storage part. The reference position Pzdef may be determined from the
configuration relationship between the stage 12 and the bonding head 14, that is, determined
from the dimension values and the positions in the design of the two components. Also, in
other embodiments, the reference position Pzdef may also be determined from the results of
previous copying processes. For example, the lowest point height Pzmin obtained at the time
of the copying process previously performed in the order of FIG. 6 may be set as the reference
position Pzdef.

[0042] At the time of executing the copying process, like the example of FIG. 6, after
switching the copying mechanism 22 to the free state, the controller 34 lowers the bonding head
14 until the facing surface 50 abuts against the reference plane 110 (S30). Then, the controller
34 moves the bonding head 14 in the surface direction along the predetermined copying route 60
(S34). At this time, the controller 34 periodically detects the axial direction position Pz of the
bonding head 14 (S36), and compares the detected axial direction position Pz to the reference
position Pzdef (S38).

[0043] As a result of the comparison, in the case where the axial direction position Pz exceeds
the reference position Pzdef, the controller 34 returns to Step 34 and continues to move the
bonding head 14 in the surface direction. Meanwhile, in the case where the axial direction
position Pz is equal to or lower than the reference position Pzdef, the controller 34 determines
that the remaining parallelism offset has been resolved, and drives the copying mechanism
driving part 32 to switch the copying mechanism 22 to the locked state (S40).

[0044] As described above, in the example also, after the facing surface 50 abuts against the
reference plane 110, the bonding head 14 is moved in the surface direction while the free state is

being maintained. Therefore, the degree of parallelism of the facing surface 50 with respect to
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the reference plane 110 remains high. In addition, in the example, at the time point when the
axial direction position Pz reaches the reference position Pzdef set in advance, the movement of
the bonding head 14 in the surface direction stops. As a result, compared with the process of
FIG. 6, the copying process can be ended earlier.

[0045] It is noted that the configuration having been described so far is merely an example.
Other configurations may be modified as appropriate as long as the bonding head is moved in the
surface direction in the free state, and the free state is switched to the locked state at the time
when the axial direction position Pz reaches the predetermined reference position Pzdef. For
instance, in the above example, the bonding head 14 is moved in the four parallel directions.
However, it is not necessary to move in four directions.

[0046] For example, in the case where the orientation of the inclination of the facing surface
50 can be predicted, the bonding head 14 may also be moved only in a direction able to resolve
the predicted inclination. That is, a pipe for supplying or sucking air or electric wirings are
connected to the lower part 14d of the movable member 42 and the copying mechanism 22.
Due to the weight of the pipe and the electric wirings, after switching to the free state, the
copying mechanism 22 may be greatly inclined in one direction. Such great inclination easily
becomes the reason of the remaining parallelism offset. In the case where the remaining
parallelism offset is present due to the pipe and electric wirings, the orientation of the inclination
of the facing surface 50 can be predicted from the positions of the pipe and the electric wirings.
Therefore, it may be that the orientation of the inclination of the facing surface 50 is predicted
from the positions of the pipe and the electric wirings, and the movement is carried out only in
the direction of the direction in which the predicted inclination can be resolved, that is, the right
direction in the case of lower right. In addition, in the case of moving in the four directions, it

may also be that the orientation of the inclination of the facing surface 50 is predicted, and a
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movement is firstly carried out in the direction in which the predicted inclination can be
resolved. With such configuration, the remaining inclination can be significantly reduced in an
initial operation. Therefore, in the process of FIG. 7, the time required for the process can be
reduced.

[0047] Moreover, in the above description, the fixed member 40 of the copying mechanism 22
has a concave spherical surface, and the movable member 42 has a convex spherical surface.
However, the arrangement may be reversed. That is, the fixed member 40 may have a convex
spherical surface and the movable member 42 has a concave spherical surface. Furthermore, in
the above description, the bonding head 14 is configured to move. However, in place of or in
addition to the bonding head 14, the stage 12 may also be moved. Furthermore, in the example
of FIG. 3, the holding surface 20 serves as the facing surface 50. However, in the copying
process, a chip member, such as a chip member specialized for parallelism adjustment, may also
be held on the holding surface 20, and the end surface of such chip may be handled as the facing
surface 50. Similarly, in the example of FIG. 3, the upper surface of the stage 12 serves as the
reference plane 110. However, in the copying process, the substrate 100, such as a substrate
100 specialized for parallelism adjustment, may also be held on the stage 12, and the upper
surface of such substrate 100 may be handled as the reference plane 110.

Reference Signs List

[0048] 10: Manufacturing device; 12: Stage; 14: Bonding head; 20: Holding surface; 22:
Copying mechanism; 24: Heater; 26: Movement mechanism; 28: Heater driving part; 30:
Vacuum source; 31: Air pipe; 32: Copying mechanism driving part; 34: Controller; 40: Fixed
member; 42: Movable member; 43: Holder; 44: Spherical air static pressure bearing; 50: Facing

surface; 60: Copying route; 100: Substrate; 102: Semiconductor chip; 110: Reference plane.
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WHAT IS CLAIMED IS:

1. A semiconductor device manufacturing device, comprising:

a stage on which a substrate is mounted;

a bonding head, sucking and holding a chip by using a holding surface opposite to the stage,
and being relatively movable with respect to the stage in a surface direction and a normal
direction of the stage;

a copying mechanism, which is a copying mechanism provided in the bonding head, and
provided with a fixed member comprising one of a concave spherical surface and a convex
spherical surface and a movable member comprising another of the concave spherical surface
and the convex spherical surface and provided to be swingable with the holding surface with
respect to the fixed member; and

a controller, executing a copying process adjusting a facing surface, which is an end surface
of the chip held on the holding surface or the holding surface, to be parallel to a reference plane,
which is a planar surface of a substrate held by the stage or a planar surface of the stage, by
having the facing surface follow the reference plane,

wherein the copying mechanism is switchable between a free state in which the movable
member is swingable and a locked state in which swinging of the movable member is limited,
and

in the copying process, the controller moves the bonding head relative to the surface
direction of the reference plane while keeping the facing surface abutting against the reference
plane in a state in which the copying mechanism is set to the free state until an axial direction
position of the bonding head reaches a predetermined reference position, and switches the

copying mechanism to the locked state at a time when the axial direction position reaches the
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reference position.

2. The semiconductor device manufacturing device as claimed in claim 1,

in the copying process, the controller moves the bonding head at least in four directions
parallel to the reference plane.

3. The semiconductor device manufacturing device as claimed in claim 1 or 2,

wherein in the copying process, in a procedure of moving the bonding head along a
predetermined copying route, the controller specifies the axial direction position at a time when
the axial direction position is closest to the stage as the reference position.

4. The semiconductor device manufacturing device as claimed in claim 1 or 2,

wherein the reference position is determined in advance based on a configuration of the
bonding head and the stage or a result of a previous copying process.

5. A semiconductor device manufacturing method, which manufactures the semiconductor
device by bonding a chip sucked and held by a holding surface of a bonding head having a
copying mechanism to a substrate mounted on a stage, the manufacturing method comprising:

a copying step of adjusting a facing surface, which is an end surface of the chip held on the
holding surface or the holding surface, to be parallel to a reference plane, which is a planar
surface of a substrate held by the stage or a planar surface of the stage, by having the facing
surface follow the reference plane,

wherein the copying mechanism is provided with a fixed member comprising one of a
concave spherical surface and a convex spherical surface and a movable member comprising
another of the concave spherical surface and the convex spherical surface and provided to be
swingable with the holding surface with respect to the fixed member, and the copying
mechanism is switchable between a free state in which the movable member is swingable and a

locked state in which swinging of the movable member is limited, and
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in the copying step, the bonding head is moved relative to a surface direction of the
reference plane while the facing surface is kept abutting against the reference plane in a state in
which the copying mechanism is set to the free state until an axial direction position of the
bonding head reaches a predetermined reference position, and the copying mechanism is
switched to the locked state at a time when the axial direction position reaches the reference

position.

-19-



