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BRIEF DESCRIPTION OF THE DRAWINGS
[0012]
FIG 1 is a schematic view showing the mounting apparatus according to the first
embodiment of the present invention.
FIG. 2 isatop view showing the bonding stage.
FIG 3 is a side cross-sectional view showing the bonding stage and the temporary
substrate with semiconductor dies mounted thereon.
FIG 4 is atop view showing the temporary substrate with semiconductor dies mounted
thereon and the bonding stage.
FIG 5 is aflow chart showing the processes of pressure bonding semiconductor dies to
the temporary substrate.
FIG 6 is a schematic view showing the operation of the correction part when correcting
the position of the bonding tool.
FIG 7 is a schematic view showing the operation of the correction part when correcting
the position of the bonding tool according to the second embodiment of the present
invention.
FIG 8 is a schematic view showing the mounting apparatus according to the third
embodiment of the present invention.
FIG 9 is a schematic view showing the mounting apparatus according to the fourth
embodiment of the present invention.
FIG 10(a) to FIG 10(c) are schematic views showing the operation of the bonding
head when pressure bonding semiconductor dies to the temporary substrate, wherein
FIG 10(@) shows the state before the bonding head is moved, FIG 10(b)
shows the state after the  bonding head is moved, and FIG 10(c) shows

the state where semiconductor dies are continuously pressure bonded to
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the semiconductor die 200 bonded to the dicing sheet 101 is directed upward.

[0017] The bonding head 30 is driven in a horizontal direction A paralel to a bonding
surface 51 of the bonding stage 50 by an XY driving mechanism (not shown) and is
driven in a vertical direction B orthogona to the horizontal direction A by a Z-axis
driving mechanism (not shown). The bonding head 30 further includes a bonding tool
31 for sucking and holding the semiconductor die 200.

[0018] The bonding head 30 drives the bonding tool 31 in the vertical direction B with
aload control mechanism built in a body part 32 and controls the load when bonding the
semiconductor die 200 sucked to the bonding tool 31. Further, the position and the
movement amount of the bonding head 30 are controlled by reading a value of a linear
encoder 33 during movement in the horizontal direction A.

[0019] In addition, a bonding heater is attached to the tip of the bonding tool 31 for
heating the semiconductor die 200 in a range of 50°C to 200°C when the semiconductor
die 200 is pressure bonded to the temporary substrate 300.

[0020] The dua field camera 40 includes an arm 41 movable above the bonding stage
50 by a driving mechanism (not shown); and two imaging elements 42a and 42b
provided at the tip of the arm 41. The imaging elements 42a and 42b are provided on
the same optical axis and face each other, and simultaneously image the semiconductor
die 200 held by the bonding head 30, and the bonding stage 50 and the bonding surface
51

[0021] FIG 3 is a side cross-sectional view showing the bonding stage and the
temporary substrate with the semiconductor dies mounted thereon, FIG 2 is a top view
showing the bonding stage, and FIG. 4 is a top view showing the bonding stage and the
temporary substrate, and showing a state where the semiconductor dies are bonded.

[0022] The bonding stage 50 has the bonding surface 51 that vacuum-sucks and
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supports the temporary substrate 300 transported by a transport mechanism (not shown).
As shown in FIG. 2, the bonding surface 51 is formed with a plurality of alignment marks
52, in across shape, in the region where the temporary substrate 300 is placed.

[0023] The aignment marks 52 are provided corresponding to the number of the
semiconductor dies 200 to be mounted on the temporary substrate 300 at predetermined
intervals. The aignment mark 52 is, for example, a mark formed by etching, plating,
painting, grooving, etc., and can be in any form if the position of the alignment mark 52
can be recognized by the dual field camera 40.

[0024] The temporary substrate 300 placed on the bonding stage 50 alows light from
the dual field camera 40 and light from the bonding stage 50 to pass through and allows
the alignment mark 52 to be imaged by the dua field camera 40. The temporary
substrate 300 is glass, for example, but may aso be transparent resin, such as
polycarbonate, acrylic, or polyester, or transparent ceramic. Further, to facilitate the
peeling in the peeling process peeling off the molded semiconductor die 200 from the
temporary substrate 300, a transparent film or coating layer may be provided on the
temporary substrate 300.

[0025] As shown in FIG 4, the semiconductor die 200 is pressure bonded to the
temporary substrate 300 by the bonding head 30. The semiconductor die 200 is
positioned so that its outer edge is along the outer edge of the cross-shaped alignment
mark 52 through the temporary substrate 300, and the semiconductor dies 200 are
pressure bonded to the temporary substrate 300 so that a constant distance is maintained
between the semiconductor dies 200. A thermosetting adhesive layer such as a die
attach film is formed on the semiconductor die 200 on the back surface side adhered to
the dicing sheet 101. The semiconductor die 200 is fixed to the temporary substrate 300

by applying pressure and heat from the bonding head 30.
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variation.

(b) By correcting the position of the bonding head 30 based on the images captured by
the dual field camera 40, the semiconductor dies 200 can be pressure bonded to the
temporary substrate 300 without depending on mechanical coordinates of the linear
encoder 33. Therefore, it is possible to pressure bond the semiconductor dies 200 with
higher accuracy than pressure bonding based on mechanical coordinates.

(c) Since the semiconductor dies 200 can be pressure bonded to the temporary substrate
300 with no variation, it is not necessary to design the wiring layer, which isto be formed
in the subsequent process, in consideration of the variation. Therefore, it is possible to
achieve higher integration and further downsize the semiconductor device. Furthermore,
it is possible to improve the yield when manufacturing the semiconductor device.

(Second Embodiment)

[0040] FIG 7 is a schematic view showing the operation of the correction part when
correcting the position of the bonding tool according to the second embodiment of the
present invention.

[0041] In the present embodiment, an operation performed when pressure bonding the
second and subsequent semiconductor dies 200b is added to the operation of the
mounting apparatus 1 of the first embodiment. The following description will focus on
the difference between the first embodiment and the second embodiment.

[0042] When pressure bonding the second and subsequent semiconductor dies 200, the
mounting apparatus 1 of the present embodiment also acquires the image of the
semiconductor die 200a, which is aready pressure bonded to the temporary substrate 300,
in addition to the image of the semiconductor die 200b held by the bonding tool 31 and
the image of the alignment mark 52. The correction part 62 calculates the distance d2

between the semiconductor die 200a and the semiconductor die 200b.
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[0043] The correction part 62 derives the correction amounts dx2 and dy2 for
correcting the position of the bonding head 30 so as to set the first coordinate point pl of
the alignment mark 52, the second coordinate point p2 of the semiconductor die 200b,
and the distance d1, d2 between the semiconductor die 200a and the semiconductor die
200b at the predetermined intervals.  Although the present embodiment illustrates a case
where one semiconductor die 200a is aready pressure bonded, it is certainly possible to
derive the correction amounts dx2 and dy2 based on the distances d2 between the
semiconductor die 200b and a plurality of pressure bonded semiconductor dies 200a.
(Effect of the Embodiment)

[0044] By correcting the position of the bonding head 30 with the correction amounts
dx2 and dy2 to set the distance d2 between the pressure bonded semiconductor die 200a
and the semiconductor die 200b held by the bonding tool 31 at the predetermined interval,
it is possible to pressure bond the semiconductor dies 200 to the temporary substrate 300
at constant intervals with high accuracy.

(Third Embodiment)

[0045] FIG 8 is a schematic view showing the mounting apparatus according to the
third embodiment. The following description will focus on the difference between the
third embodiment and the first and second embodiments.

[0046] The bonding stage 50A of the present embodiment includes a bonding part 54
which incorporates a heater 53 for heating the temporary substrate 300 from below and is
made of a material having a thermal expansion coefficient substantially the same as that
of the material of the temporary substrate 300. A surface of the bonding part 54 forms
the bonding surface 51 for placing the temporary substrate 300, and the bonding part 54
is made of the same material as the temporary substrate 300, for example. The entire

bonding stage 50A may have a thermal expansion coefficient substantially the same as
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that of the temporary substrate 300.

[0047] When the semiconductor die 200 is pressure bonded, the heater 53 heats the
temporary substrate 300 placed on the bonding stage 50A in the range of 50°C to 200°C.
By heating the semiconductor die 200 from the bonding stage 50A in addition to the
bonding heater of the bonding head 30, the adhesive layer of the semiconductor die 200
can be heated efficiently and uniformly.

(Effect of the Embodiment)

[0048] In a case where the bonding stage 50A and the temporary substrate 300 have
different thermal expansion coefficients, even though the semiconductor die 200 is
pressure bonded to the temporary substrate 300 with the position of the bonding head 30
corrected, the temperature of the bonding stage 50A and the temporary substrate 300 may
still cause variation in the interval s between the semiconductor dies 200.

[0049] However, by making the thermal expansion coefficients of the bonding stage
50A and the temporary substrate 300 substantively the same, temperature-dependent
variation between the bonding stage 50A and the temporary substrate 300 can be
suppressed.  Since the variation can be suppressed even when the temporary substrate
300 is heated by the heater 53, it is possible to pressure bond the semiconductor die 200
to the temporary substrate 300 at a higher speed and with higher accuracy than a
configuration that does not provide heating.

(Fourth Embodiment)

[0050] FIG 9 is a schematic view showing the mounting apparatus according to the
fourth embodiment. FIG. 10(a) to FIG. 10(c) are schematic views showing the operation
of the bonding head when pressure bonding the semiconductor dies to the temporary
substrate, wherein FIG. 10(a) shows the state before the bonding head is moved, FIG

10(b) shows the state after the bonding head is moved, and FIG 10(c) shows the state
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where the semiconductor dies are continuously pressure bonded to the temporary
substrate.

[0051] The first embodiment illustrates the camera as a dua field camera 40 inserted
between the bonding head 30 and the bonding stage 50, but the camera 70 of the present
embodiment is different in that it is provided on the bonding head 30A. The following
description will focus on the difference between the first embodiment and the fourth
embodiment.  Although the present embodiment illustrates correction along only the X
axis, it is certainly applicable to only the Y direction or to two directions, i.e. X and Y
axes.

[0052] The mounting apparatus 1A of the present embodiment includes a bonding head
30A having the bonding tool 31 and the camera 70; and a linear encoder 33 having a
linear scale 34 and a detection part 35. The bonding tool 31 and the camera 70 are
provided on the bonding head 30A such that the central axis O31 of the bonding tool 31
and the optical axis O70 of the camera 70 are separated by a predetermined separation
distance D. The camera 70 images the temporary substrate 300 and the bonding stage
50 from above when the bonding tool 31 pressure bonds the semiconductor die 200 to the
temporary substrate 300. In addition, although the alignment marks 52 are omitted
from FIG 10(a) to FIG. 10(c), aplurality of alignment marks 52, the same as those shown
in FIG. 2, are formed at equal intervals on the bonding surface 51 of the bonding stage
50.

[0053] When the mounting apparatus 1A starts the bonding operation to pressure bond
the semiconductor die 200 to the temporary substrate 300, the control part 60 controls the
pickup part 20 to pick up the semiconductor die 200 from the semiconductor wafer 100,
and drives the bonding head 30A to move the semiconductor die 200 to a predetermined

position above the bonding stage 50.
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[0054] When the semiconductor die 200 is moved to the predetermined position of the
bonding stage 50, the camera I/F 61 controls the camera 70 to image the temporary
substrate 300 and the alignment mark 52 on the bonding surface 51, and stores the
captured images in the storage part 63. The correction part 62 detects the position of
the alignment mark 52 from the captured image, and derives the bonding position B1 for
pressure bonding the semiconductor die 200 to the temporary substrate 300 from the
position of the aignment mark 52.

[0055] Based on the derived bonding position B1, the correction part 62 takes the
difference between the current coordinates Pa read by the detection part 35 and the
bonding position B1, for example, as the distance d1 to calculate the bonding coordinates
P1 on the linear scale 34.

[0056] When the bonding coordinates P1 are calculated, the control part 60 calculates
the bonding coordinates P2 by adding or subtracting the separation distance D to or from
the bonding coordinates P1, and moves the bonding head 30A to the bonding coordinates
P2. In other words, the control part 60 moves the bonding head 30 by the separation
distance D such that the central axis O31 of the bonding tool 31 and the semiconductor
die 200 is positioned at the bonding coordinates P1.

[0057] When the bonding head 30A is moved to the bonding coordinates P1, the
control part 60 lowers the bonding tool 31 to pressure bond the semiconductor die 200 to
the bonding position B1 on the temporary substrate 300.

[0058] Further, when the semiconductor dies are continuously pressure bonded to the
temporary substrate 300, the correction part 62 calculates, for example, the distance d2
based on the semiconductor die 200 that is aready pressure bonded and the detected
alignment mark 52 to add or subtract the distance d2 to or from the current position Pb,

and derives the bonding coordinates P3.  That is, the bonding coordinates P3 are derived
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such that, in addition to the position of the alignment mark 52, the semiconductor die 200
that is already pressure bonded and the semiconductor die 200 held by the bonding tool
are separated by a pre-designed distance.

[0059] When the bonding coordinates P3 are derived, the control part 60 moves the
bonding head 30A to the bonding coordinates P4 obtained by adding or subtracting the
separation distance D, and then pressure bonds the semiconductor die 200 to the bonding
position B2.

(Modified Example)

[0060] Although the embodiments illustrate that the alignment mark 52 has a cross
shape, it may be a dotted mark having a polygonal shape such as circle and quadrangle,
or a linear mark such as lattice. In addition, the suction holes formed on the bonding
surface 51 may serve as the alignment marks 52.

[0061] Also, athough the outer edges of the alignment mark 52 and the semiconductor
die 200 are used as the correction points P1 and P2, the center point of the alignment
mark 52 or the semiconductor die 200 may be calculated to be used as the correction
point for correcting the position of the bonding head 30.

[0062] Moreover, the aignment mark 52 may be a mark for coordinate detection,
which is disposed on the bonding surface 51 at a constant distance. In such a case, the
correction part 62 may detect the coordinates of the bonding head 30 based on the image
captured by the dual field camera 40 and compare the coordinates with predetermined
coordinates to correct the position of the bonding head 30.

[0063] In addition, although the embodiments illustrate that the mounting apparatus 1
flips the semiconductor die 200 over, the semiconductor die 200 may be pressure bonded
to the temporary substrate 300 without being flipped over.

[0064] It sufficesif apart of the temporary substrate 300 is transmissive with respect to
16
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the alignment mark 52. For example, a groove may be formed in a part of the temporary
substrate 300 where no semiconductor die 200 is pressure bonded by using a metal plate
or the like. Moreover, the temporary substrate 300 may be obtained by laminating an
opague material such as metal and a transparent material such as glass.

[0065] Also, in the fourth embodiment, the detection part 35 of the linear encoder 33 is
not necessarily provided on one bonding head 30A and may be provided on a plurality of
bonding heads 30A, and may be provided on the side of the bonding tool 31 of the
bonding head 30A.

[0066] In addition, the temporary substrate 300 is not limited to a transparent member
such as glass and may be made of a material such as silicon that is opaque to visible light
but is transmissive to an infrared ray. In that case, an infrared camera that detects an
infrared ray is used as the dual field camera 40 or the camera70. The dua field camera
40 or the camera 70 emits an infrared ray to the temporary substrate 300 and detects the
infrared ray reflected by the alignment mark 52.

[0067] Furthermore, the temporary substrate 300 may be transmissive with respect to
not only an infrared ray but also electromagnetic waves such as ultraviolet ray, X-ray,
and y-ray. A camera that detects these electromagnetic waves can be used as the dual
field camera 40 or the camera 70.

[Descriptions of Reference Numerals|

[0068]

1, 1A ... mounting apparatus

20 ... pickup part

21 ... pickup stage

22 ... push-up pin

23 ... pickup head
17
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30 ... bonding head

31 ... bonding tool

32 ... body part

34 ... linear scale

35 ... detection part

40 ... dud field camera

41 ...arm

423, 42b ... imaging element
50 ... bonding stage

51 ... bonding surface

52 ... dignment mark

53 ... heater

54 ... bonding part

60 ... control part

61 ... cameral/F

62 ... correction part

63 ... storage part

70 ... camera

100 ... semiconductor wafer
200 ... semiconductor die

300 ... temporary substrate
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WHAT ISCLAIMED IS:

1. A manufacturing method of a semiconductor device, comprising:

a placing process of placing a transmissive substrate on a bonding surface of a
bonding stage that has an aignment mark formed on the bonding surface, wherein the
transmissive substrate is transmissive to the aignment mark;

an image acquisition process of imaging the alignment mark through the
transmissive substrate from above the bonding stage with a camera, and acquiring an
image of the alignment mark;

a correction process of correcting a position in a horizontal direction of a bonding
head, which pressure bonds a semiconductor die to the transmissive substrate, based on
the image of the alignment mark acquired in the image acquisition process; and

a pressure bonding process of pressure bonding the semiconductor die to the
transmissive substrate based on a corrected position in the horizonta direction.

2. The manufacturing method of the semiconductor device according to clam 1,
wherein after the placing process, the image acquisition process, the correction process,
and the pressure bonding process are repeated a plurality of times to pressure bond a
plurality of the semiconductor dies onto the transmissive substrate,

the image acquisition process acquires the image of the alignment mark through the
transmissive substrate and an image of the semiconductor die bonded onto the
transmissive substrate, and

the correction process corrects a position in the horizontal direction of a bonding
tool so that the semiconductor die bonded onto the transmissive substrate and the
semiconductor die held by the bonding tool have a predetermined interval, based on the
images acquired in the image acquisition process.

3. The manufacturing method of the semiconductor device according to clam 2,
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wherein the camera is an upper and lower dual field camerathat is inserted between the
bonding stage and the bonding tool and simultaneously images an upper surface of the
bonding stage and alower surface of the semiconductor die held by the bonding tool.

4. The manufacturing method of the semiconductor device according to clam 2,
wherein the correction process corrects a position in the horizontal direction where the
semiconductor die is pressure bonded to the transmissive substrate based on the image of
the alignment mark captured by the camera that is provided at a position separated from
the bonding tool by a predetermined separation distance, and moves the bonding head so
that the bonding tool is positioned at a corrected position in the horizontal direction, and

the pressure bonding process pressure bonds the semiconductor die to the
transmissive substrate with the bonding tool moved to the corrected position in the
horizontal direction.

5. The manufacturing method of the semiconductor device according to any one of
clams 1 to 4, further comprising a heating process of heating the transmissive substrate
placed on the bonding surface with a heater incorporated in the bonding stage,

wherein the pressure bonding process pressure bonds the semiconductor die to the
heated bonding surface, and

the bonding surface has a thermal expansion coefficient equal to a thermal
expansion coefficient of the transmissive substrate.

6. The manufacturing method of the semiconductor device according to clam 1 or 2,
wherein the transmissive substrate is opague to visible light and is transmissive to an
electromagnetic wave in awavel ength band excluding the visible light, and

the camera detects the electromagnetic wave in the wavelength band excluding the
visible light to image the alignment mark.

7. The manufacturing method of the semiconductor device according to clam 6,
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wherein the transmissive substrate is transmissive to an infrared ray, and

the cameraimages the alignment mark by the infrared ray.

8. A mounting apparatus, comprising:

a bonding head having a bonding tool that holds a semiconductor die on a suction
surface, and pressure bonding the semiconductor die onto a transmissive substrate;

a bonding stage having an alignment mark on a bonding surface, and carrying the
transmissive substrate, which is transmissive to the alignment mark, on the bonding
surface;

a cameraimaging the alignment mark through the transmissive substrate from above
the bonding stage, and acquiring an image of the alignment mark; and

a correction part correcting a position in a horizontal direction where the bonding
head pressure bonds the semiconductor die to the transmissive substrate based on the
image of the alignment mark acquired by the camera.

9. The mounting apparatus according to claim 8, wherein the camerais a dual field
camera that is inserted between the bonding stage and the bonding head and
simultaneously images an upper surface of the bonding stage and a lower surface of the
semiconductor die held by the bonding head.

10. The mounting apparatus according to claim 8, wherein the correction part
corrects the position in the horizontal direction where the semiconductor die is pressure
bonded to the transmissive substrate based on the image of the alignment mark captured
by the camera that is provided at a position separated from the bonding tool by a
predetermined separation distance, and moves the bonding head so that the bonding tool
ispositioned at a corrected position in the horizontal direction, and

the bonding head pressure bonds the semiconductor die to the transmissive substrate

with the bonding tool moved to the corrected position in the horizontal direction.
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