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SPECIFICATION

TITLE OF INVENTION: MOUNTING APPARATUS AND PARALLELISM DETECTION

METHOD IN MOUNTING APPARATUS

5

BACKGROUND

Technical Field

[0001] The present invention relates to a structure of a mounting apparatus that mounts a

semiconductor chip on a mounted body such as a substrate, and a method for detecting parallelism

between a stage of the mounting apparatus and a mounting head.10

Description of Related Art

[0002] There is widely known a mounting apparatus that drives a mounting head with a

semiconductor chip sucked and held on a holding surface at the tip of the mounting head and

mounts the semiconductor chip on a substrate that is attracted and held on a placement surface of

the stage. In such a mounting apparatus, in order to bond the semiconductor chip to the surface15

of the substrate well, the placement surface of the stage and the holding surface of the mounting

head must be parallel with high accuracy.

[0003] For this reason, methods to detect the inclination of the holding surface have been

proposed. For example, Patent Literature 1 discloses a method of detecting an inclination of a

holding surface based on a plurality of heights detected by providing a protrusion on an20

intermediate stage of a bonding apparatus that performs flip-chip bonding and detecting a plurality

of heights of a mounting head when a plurality of positions of the holding surface of the mounting

head are brought into contact with the protrusions.

[0004] Further, the stage on which the substrate is placed has a built-in heater for heating the



2

substrate, and the placement surface may be inclined due to the influence of temperature. For

this reason, Patent Literature 2 discloses a method of detecting the flatness of a stage by arranging

a laser displacement meter on an upper surface of a stage and moving the laser displacement meter

in the X direction and the Y direction to measure changes in the height of the stage.

Related Art5

Patent Literature

[0005] [Patent Literature 1] Japanese Unexamined Patent Publication No. 2016-139629

[Patent Literature 2] Japanese Unexamined Patent Publication No. 7-86319

SUMMARY10

Problems to be Solved

[0006] In the prior art described in Patent Literatures 1 and 2, the inclination of the holding

surface and the inclination of the stage are detected by separate devices, which may complicate

the mounting apparatus.

[0007] Therefore, an object of the present invention is to detect the parallelism between the15

placement surface of the stage and the holding surface of the mounting head by a simple method.

Means for Solving the Problems

[0008] The parallelism detection method in a mounting apparatus mounts a semiconductor chip

on a mounted body according to the present invention includes: a preparation process of preparing

the mounting apparatus including a stage including a placement surface on which the mounted20

body is placed, a mounting head that sucks and holds the semiconductor chip on a holding surface

facing the placement surface of the stage and moves in an X direction and an Y direction along

the placement surface of the stage and a Z direction that comes into contact with and separates

from the placement surface, and an encoder that detects a height of the mounting head; a first
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height detection process of detecting a plurality of the first heights of the mounting head, by

arranging a first measurement tool having a predetermined height on the placement surface of the

stage and repeatedly executing, at a plurality of measurement positions, an operation of lowering

the mounting head to detect a first height of the mounting head by the encoder when the holding

surface comes into contact with an upper end of the first measurement tool, when the upper end5

of the first measurement tool comes into contact with the holding surface; a second height

detection process of detecting a plurality of the second heights of the mounting head, by holding

a second measurement tool on the holding surface of the mounting head and repeating executing,

at the plurality of measurement positions, an operation of lowering the mounting head to detect a

second height of the mounting head by the encoder when a lower end of the second measurement10

tool held on the holding surface comes into contact with the placement surface, when the lower

end of the second measurement tool comes into contact with the placement surface; and a

parallelism calculation process of calculating a parallelism between the placement surface of the

stage and the holding surface of the mounting head based on the plurality of the first heights and

the plurality of the second heights.15

[0009] As a result, the parallelism between the placement surface of the stage and the holding

surface of the mounting head can be detected by a simple method of detecting the height of the

mounting head.

[0010] According to the parallelism detection method of the present invention, the parallelism

calculation process calculates a first difference between the plurality of the first heights and a20

second difference between the plurality of the second heights, at the plurality of measurement

positions; and calculates the parallelism as an absolute value of a difference between the first

difference and the second difference.

[0011] With such a simple calculation, the parallelism between the placement surface of the
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stage and the holding surface of the mounting head can be calculated.

[0012] According to the parallelism detection method of the present invention, the plurality of

measurement positions are a pair of positions arranged in the X direction and another pair of

positions arranged in the Y direction, and the parallelism calculation process calculates a first X

difference between a pair of the first heights and a second X difference between a pair of the5

second heights, at the pair of positions; calculates an X-direction parallelism as an absolute value

of a difference between the first X difference and the second X difference; calculates a first Y

difference between the another pair of the first heights and a second Y difference between the

another pair of the second heights, at the another pair of positions; calculates an Y-direction

parallelism as an absolute value of a difference between the first Y difference and the second Y10

difference; and calculates the parallelism as a sum of the X-direction parallelism and the Y-

direction parallelism.

[0013] As a result, the parallelism of the two surfaces can be detected, taking into account the

parallelism between the placement surface of the stage and the holding surface of the mounting

head in the X direction and the parallelism in the Y direction.15

[0014] According to the parallelism detection method of the present invention, the plurality of

measurement positions are four positions arranged in a grid pattern in the X direction and the Y

direction, and the parallelism calculation process calculates a first set of first X difference between

a pair of the first heights at a first set of pair of positions arranged in the X direction and a second

set of first X difference between a pair of the first heights at a second set of pair of positions20

arranged in the X direction; calculates an average value of the first set of first X difference and the

second set of first X difference as a first X difference; calculates a first set of second X difference

between a pair of the second heights at the first set of a pair of positions and a second set of second

X difference between a pair of the second heights at the second set of pair of positions; calculates
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an average value of the first set of second X difference and the second set of second X difference

as a second X difference; calculates an X-direction parallelism as an absolute value of a difference

between the first X difference and the second X difference; calculates a third set of first Y

difference between a pair of the first heights at a third set of pair of positions arranged in the Y

direction and a fourth set of first Y difference between a pair of the first heights at a fourth set of5

pair of positions arranged in the Y direction; calculates an average value of the third set of first Y

difference and the fourth set of first Y difference as a first Y difference; calculates a third set of

second Y difference between a pair of the second heights at a third set of pair of positions and a

fourth set of second Y difference between a pair of the second heights at a fourth set of pair of

positions; calculates an average value of the third set of second Y difference and the fourth set of10

second Y difference as a second Y difference; calculates an Y-direction parallelism as an absolute

value of a difference between the first Y difference and the second Y difference; and calculates the

parallelism as a sum of the X-direction parallelism and the Y-direction parallelism.

[0015] As a result, the parallelism between the placement surface of the stage and the holding

surface of the mounting head in the X direction and the parallelism in the Y direction can be more15

accurately detected.

[0016] According to the parallelism detection method of the present invention, the holding

surface is a square surface, and the upper end of the first measurement tool sequentially contacts

four corners of the holding surface.

[0017] As a result, parallelism can be more accurately detected.20

[0018] According to the parallelism detection method of the present invention, the first

measurement tool and the second measurement tool are same cones having sharp tips, the tip

becomes the upper end of the first measurement tool in the first height detection process when a

bottom surface of the cone is placed on the placement surface, and the tip becomes the lower end
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of the second measurement tool in the second height detection process when the bottom surface is

held on the holding surface.

[0019] As a result, parallelism can be detected with one type of measurement tool.

[0020] The mounting apparatus that mounts a semiconductor chip on a mounted body according

to the present invention includes: a stage including a placement surface on which the mounted5

body is placed, a mounting head that sucks and holds the semiconductor chip on a holding surface

facing the placement surface of the stage and moves in an X direction and an Y direction along

the placement surface of the stage and a Z direction that comes into contact with and separates

from the placement surface, an encoder that detects a height of the mounting head, and a controller

that adjusts a movement of the mounting head and calculates a parallelism between the placement10

surface of the stage and the holding surface of the mounting head based on the height of the

mounting head detected by the encoder, wherein the controller detects a plurality the first heights

of the mounting head, by arranging a first measurement tool having a predetermined height on the

placement surface of the stage and repeatedly executing, at a plurality of measurement positions,

an operation of lowering the mounting head to detect a first height of the mounting head by the15

encoder when the holding surface comes into contact with an upper end of the first measurement

tool, when the upper end of the first measurement tool comes into contact with the holding surface;

detects a plurality of the second heights of the mounting head, by holding a second measurement

tool on the holding surface of the mounting head and repeatedly executing, at the plurality of

measurement positions, an operation of lowering the mounting head to detect a second height of20

the mounting head by the encoder when a lower end of the second measurement tool held on the

holding surface comes into contact with the placement surface, when the lower end of the second

measurement tool comes into contact with the placement surface; and calculates the parallelism

between the placement surface of the stage and the holding surface of the mounting head based
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on the plurality of the first heights and the plurality of the second heights.

[0021] According to the mounting apparatus of the present invention, the controller calculates

a first difference between the plurality of the first heights and a second difference between the

plurality of the second heights, at the plurality of measurement positions; and calculates the

parallelism as an absolute value of a difference between the first difference and the second5

difference.

[0022] According to the mounting apparatus of the present invention, the first measurement tool

and the second measurement tool are same cones with sharp tips, the tip becomes the upper end

of the first measurement tool when a bottom surface is placed on the placement surface, and the

tip becomes the lower end of the second measurement tool when the bottom surface is held on the10

holding surface.

Effects

[0023] According to the present invention, the parallelism between the placement surface of the

stage and the holding surface of the mounting head can be detected by a simple method.

15

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1 is a configuration diagram of a mounting apparatus according to an embodiment.

Figure 2 is an explanatory diagram showing a first height detection process when

detecting the parallelism between a placement surface of a stage and a holding surface of a

mounting head in the mounting apparatus shown in Figure 1.20

Figure 3 is an explanatory diagram showing a second height detection process when

detecting the parallelism between the placement surface of the stage and the holding surface of

the mounting head in the mounting apparatus shown in Figure 1.

Figure 4 is a schematic diagram showing a first difference and a second difference when
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the placement surface of the stage and the holding surface of the mounting head are different are

inclined in different directions.

Figure 5 is a schematic diagram showing a first difference and a second difference when

the placement surface of the stage and the holding surface of the mounting head are inclined in

the same direction.5

Figure 6 is an explanatory drawing showing a first height detection process at four

positions arranged in a grid pattern when detecting the parallelism between the placement surface

of the stage and the holding surface of the mounting head in the mounting apparatus shown in

Figure 1.

Figure 7 is explanatory drawing showing a second height detection process at four10

positions arranged in a grid pattern when detecting the parallelism between the placement surface

of the stage and the holding surface of the mounting head in the mounting apparatus shown in

Figure 1.

Figure 8 is a is explanatory drawing showing a first height detection process at four

positions arranged in a cross shape in the X direction and the Y direction when detecting the15

parallelism between the placement surface of the stage and the holding surface of the mounting

head in the mounting apparatus shown in Figure 1.

Figure 9 is an elevational diagram showing another embodiment of a second

measurement tool.

Figure 10 is an elevational diagram showing another embodiment of a second20

measurement tool.

DESCRIPTION OF THE EMBODIMENTS
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[0025] Hereinafter, a mounting apparatus 100 of the embodiment as well as a method of

detecting the parallelism between a placement surface 12 of a stage 10 and a holding surface 23

of a mounting head 20 by the mounting apparatus 100 will be described with reference to the

drawings.

[0026] As shown in Figure 1, the mounting apparatus 100 of the embodiment is a device5

including the stage 10, the mounting head 20, an encoder 25, and a controller 30, and mounting a

semiconductor chip 15 on a substrate 14. In the following description, a direction along the

placement surface 12 of the stage 10 is described as an X direction, a direction perpendicular to

the X direction along the placement surface 12 is described as an Y direction, and a direction that

comes into contact with and separates from the placement surface 12 is described as a Z direction10

or an up-down direction.

[0027] The stage 10 includes the placement surface 12 on which the substrate 14, the mounted

body, is mounted on the upper surface. When the semiconductor chip 15 is mounted on the

substrate 14, the substrate 14 is vacuum-sucked on the placement surface 12 and heated by a heater

(not shown) mounted inside.15

[0028] The mounting head 20 includes a main body 21, a mounting tool 22, and a movement

mechanism 24. The main body 21 may be moved in the X direction, the Y direction, and the Z

direction by the movement mechanism 24. The structure of the movement mechanism 24 is not

particularly specified as long as the main body 21 is configured to be movable in the X direction,

the Y direction, and the Z direction. However, as an example, a gantry frame movable in the Y20

direction, a slider attached to the gantry frame and moving in the X direction, and a Z-direction

motor attached to the slider and moving the main body 21 in the Z direction may be configured.

The mounting tool 22 is attached to the lower end of the main body 21 and sucks and holds the

semiconductor chip 15 on the holding surface 23 facing the placement surface 12 of the stage 10.
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The mounting head 20 mounts the semiconductor chip 15 on the substrate 14 by heating the

semiconductor chip 15 sucked and held on the holding surface 23 of the mounting tool 22 with a

heater (not shown) and pressing the semiconductor 15 against the substrate 14. In the following

description, the alternate long and short dash line extending in the Z direction through the center

of the mounting tool 22 will be described as a center line 26 of the mounting head 20.5

[0029] The encoder 25 detects the height of the mounting head 20. The encoder 25 may be set

to detect the heights of various parts of the mounting head 20, but the mounting apparatus 100 of

the embodiment will be described as detecting a height H of the mounting tool 22 from a reference

surface 19. The reference surface 19 is a virtual surface set on the mounting apparatus 100.

[0030] The controller 30 is a computer including a CPU 31 which is a processor that processes10

information internally and a memory 32 that stores a program and data for executing the program.

The movement mechanism 24 is connected to the controller 30 and moves the main body 21 of

the mounting head 20 in the X direction, the Y direction, and the Z direction according to a

command from the controller 30. Further, the encoder 25 inputs the detected height H to the

controller 30. The CPU 31 of the controller 30 processes data of the height H input from the15

encoder 25 to calculate the parallelism between the placement surface 12 of the stage 10 and the

holding surface 23 of the mounting head 20.

[0031] Hereinafter, a method of detecting the parallelism between the placement surface 12 of

the stage 10 and the holding surface 23 of the mounting head 20 in the mounting apparatus 100

will be described with reference to Figure 2 to Figure 5. The following describes a case of20

detecting the parallelism between the placement surface 12 and the holding surface 23 by detecting

the height at two points, a point A and a point B, on the placement surface 12 having different

coordinate positions in the X direction. Here, XY coordinates of the point A are (x1, y1), and

XY coordinates of the point B are (x2, y1). Also, a distance (x1-x2) between the point A and the
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point B in the X direction is shorter than a width of the mounting tool 22 in the X direction.

Further, the XY coordinate (x1, y1) of the point A and the XY coordinate (x2, y1) of the point B

are two measurement positions.

[0032] First, the first height detection process will be described. As shown in Figure 2, first, a

triangular pin 41, which is both the first measurement tool and the second measurement tool, is5

arranged between the point A and the point B on the placement surface 12 of the stage 10. The

triangular pin 41 is a cone having a sharp tip 42, and as shown in Figure 2, the sharp tip 42 becomes

the upper end of the first measurement tool when the bottom surface of the triangular pin 41 is

placed on the placement surface 12. In the present embodiment, the first measurement tool is

described as a having with a sharp tip, but any shape may be used as long as the tip is sharp.10

[0033] The CPU 31 of the controller 30 moves the mounting head 20 in the X direction and the

Y direction by the movement mechanism 24 at a movement height where the holding surface 23

of the mounting tool 22 is higher than the tip 42 of the triangular pin 41, and aligns XY coordinates

of the center line 26 with the XY coordinates (x1, y1) of the point A. Next, the CPU 31 of the

controller 30 lowers the mounting head 20 by the movement mechanism 24. Then, when the15

holding surface 23 of the mounting tool 22 comes into contact with the tip 42 of the triangular pin

41, the CPU 31 of the controller 30 acquires the height of the mounting tool 22 detected by the

encoder 25 at that time as a first height HA1 of the point A. As shown in Figure 2, the tip 42 of

the triangular pin 41 comes into contact with a point 23a at an end of the holding surface 23 of the

mounting tool 22 on the minus side in the X direction.20

[0034] Detection of the holding surface 23 in contact with the tip 42 of the triangular pin 41 can

be performed by various methods, for example, by detecting contact when a predetermined

difference occurs between a height command value output by the CPU 31 to the movement

mechanism 24 and the height H detected by the encoder 25, or by the fact that the detected height
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input from the encoder 25 does not change even if a command for lowering the mounting head 20

is output to the movement mechanism 24. Further, a load sensor (not shown) for detecting a Z-

direction load applied to the mounting tool 22 may be attached to the main body 21 to detect

contact when the Z-direction load detected by the load sensor exceeds a predetermined threshold

value.5

[0035] Next, the CPU 31 of the controller 30 raises the height of the holding surface 23 of the

mounting head 20 to the movement height, and then, as shown by the broken line in Figure 2,

moves the mounting head 20 to the minus side in the X direction by the movement mechanism 24

and aligns the XY coordinates of the center line 26 with the XY coordinates (x2, y1) of the point

B. Then, as in the case of the point A, when the mounting head 20 is lowered by the movement10

mechanism 24 and the holding surface 23 of the mounting head 20 comes into contact with the tip

42 of the triangular pin 41, the CPU 31 of the controller 30 acquires the height of the mounting

tool 22 detected by the encoder 25 at that time as a first height HB1 of the point B. As shown by

the broken line in Figure 2, the tip 42 of the triangular pin 41 comes into contact with a point 23b

at an end of the holding surface 23 of the mounting tool 22 on the positive side in the X direction.15

The point 23a of the holding surface 23 in contact with the point A moves to the minus side in the

X direction with respect to the point B.

[0036] Next, the second height detection process will be described with reference to Figure 3.

As shown in Figure 3, the bottom surface of the triangular pin 41, which is both the first

measurement tool and the second measurement tool, is sucked and held on the holding surface 2320

so that the tip 42 extends toward the placement surface 12 of the stage 10. As shown in Figure

3, the sharp tip 42 becomes the lower end of the second measurement tool when the bottom surface

of the triangular pin 41 is sucked and held on the holding surface 23. Similar to the first height

detection process, the CPU 31 of the controller 30 aligns the XY coordinates of the center line 26
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of the mounting head 20 with the XY coordinates (x1, y1) of the point A, and then lowers the

mounting head 20 to acquire the height of the mounting tool 22 when the tip 42 of the triangular

pin 41 comes into contact with the placement surface 12 as a second height HA2 of the point A.

In the second height detection process, detection of contact of the tip 42 of the triangular pin 41

with the placement surface 12 is performed in the same manner as the detection of the contact of5

the holding surface 23 with the tip 42 of the triangular pin 41 in the first height detection process.

[0037] Next, the CPU 31 of the controller 30 aligns the XY coordinates of the center line 26 of

the mounting head 20 with the XY coordinates (x2, y1) of the point B, and then lowers the

mounting head 20 to acquire the height of the mounting tool 22 when the tip 42 of the triangular

pin 41 comes into contact with the placement surface 12 as a second height HB2 of the point B.10

[0038] Next, the parallelism calculation process will be described with reference to Figure 4.

Figure 4 is a schematic diagram showing the first height HA1 and the second height HA2 of the

point A, the first height HB1 and the second height HB2 of the point B, a first difference ΔH1, and 

a second difference ΔH2 when the placement surface 12 of the stage 10 and the holding surface 

23 of the mounting head 20 are inclined in different directions.15

[0039] The mounting tool 22 shown by a solid line in Figure 4 shows a state in which the holding

surface 23 of the mounting tool 22 is in contact with the tip 42 of the triangular pin 41 when the

XY coordinates of the center line 26 of the mounting head 20 are at the XY coordinates (x1, y1)

of the point A. Further, the mounting tool 22 shown by a broken line in Figure 4 shows a state

in which the holding surface 23 of the mounting tool 22 is in contact with the tip 42 of the20

triangular pin 41 when the XY coordinates of the center line 26 of the mounting head 20 are at the

XY coordinates (x2, y1) of the point B. Moreover, the mounting tool 22 and the triangular pin

41 shown by alternate long and short dash lines in Figure 4 show a state in which the tip 42 of the

triangular pin 41 is in contact with the placement surface 12 when the XY coordinates of the center
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line 26 of the mounting head 20 are at the XY coordinates (x1, y1) of the point A. Further, the

mounting tool 22 and the triangular pin 41 shown by alternate long and two short dashes lines in

Figure 4 show a state in which the tip 42 of the triangular pin 41 is in contact with the placement

surface 12 when the XY coordinates of the center line 26 of the mounting head 20 are at the XY

coordinates (x2, y1) of the point B.5

[0040] First, the CPU 31 of the controller 30 calculates the first difference ΔH1, which is the 

difference between the first height HA1 at the point A and the first height HB1 at the point B.

ΔH1 = HA1-HB1 -------------------- (Equation 1) 

In the case shown in Figure 4, HA1> HB1, so ΔH1 > 0). 

[0041] Next, the CPU 31 of the controller 30 calculates the difference between the second height10

HA2 and the second height HB2 at the point A and the point B as the second difference ΔH2. 

ΔH2 = HA2-HB2 -------------------- (Equation 2) 

In the case shown in Figure 4, HA2 < HB2, so ΔH2 < 0.

[0042] Next, the CPU 31 of the controller 30 calculates the parallelism between the placement

surface 12 and the holding surface 23 as the absolute value of the difference between the first15

difference ΔH1 and the second difference ΔH2. 

Parallelism = | ΔH1-ΔH2 | 

= | (HA1-HB1)-(HA2-HB2) | -------------------- (Equation 3)

As described above, in the case shown in Figure 4, since ΔH2 < 0, the parallelism is larger 

than ΔH1. 20

[0043] Next, the calculation of the parallelism when the placement surface 12 of the stage 10

and the holding surface 23 of the mounting head 20 are inclined in the same direction will be

described with reference to Figure 5. Similar to Figure 4, the mounting tool 22 shown by solid

line, and the mounting tool 22 and the triangular pin 41 shown by alternate long and short dash
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lines in Figure 5 show the case in which the XY coordinates of the center line 26 of the mounting

head 20 are at the XY coordinates of the point A. The mounting tool 22 shown by broken line,

and the mounting tool 22 and the triangular pin 41 shown by broken lines shown the case in which

the XY coordinates of the center line 26 of the mounting head 20 are at the XY coordinates of the

point B.5

[0044] In the case shown in Figure 5, as in the case shown in Figure 4, the CPU 31 of the

controller 30 calculates the first difference ΔH1 by the Equation 1 and the second difference ΔH2 

by the Equation 2, and then calculates the parallelism between the placement surface 12 and the

holding surface 23 by the Equation 3.  In the case shown in Figure 5, since ΔH1> 0 and ΔH2> 0, 

the parallelism is smaller than ΔH1. 10

[0045] As described above, the parallelism detection method of the embodiment can detect the

parallelism between the placement surface 12 of the stage 10 and the holding surface 23 of the

mounting head 20 by a simple method of interposing the triangular pin 41 between the holding

surface 23 of the mounting tool 22 and the placement surface 12 of the stage 10 and detecting the

height H of the mounting head 20 when the tip 42 of the triangular pin 41 comes into contact with15

the holding surface 23 or the placement surface 12.

[0046] The above describes the case of detecting the parallelism between the placement surface

12 and the holding surface 23 by detecting the heights at two points, the point A and the point B,

having different coordinate positions in the X direction on the placement surface 12. Next, with

reference to Figure 6 and Figure 7, a case will be described in which the heights are detected at20

four points, the point A, the point B, the point C, and the point D, arranged in a grid pattern in the

X direction and the Y direction to detect the parallelism between the placement surface 12 and the

holding surface 23. The XY coordinates of the point A are (x1, y1), the XY coordinates of the

point B are (x2, y1), the XY coordinates of the point C are (x1, y2), and the XY coordinates of the
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point D are (x2, y2).

[0047] As shown in Figure 6, the point A and the point B are arranged side by side in the X

direction on a first line 91 extending in the X direction on the placement surface 12. The point

C and the point D are arranged side by side in the X direction on a second line 92 extending in the

X direction on the placement surface 12. Further, the point A and the point C are arranged side5

by side in the Y direction on a third line 93 extending in the Y direction, and the point B and the

point D are arranged side by side in the Y direction on a fourth line 94 extending in the Y direction.

In this way, the four points, the point A, the point B, the point C, and the point D, are arranged at

each intersection of the first line 91 to the fourth line 94, which are arranged in a grid pattern in

the X direction and the Y direction. Then, the point A and the point B correspond to a first set of10

pair of positions arranged in the X direction; the point C and the point D correspond to a second

set of pair of positions arranged in the X direction; the point A and the point C correspond to a

third set of pair of positions arranged in the Y direction; and the point B and the point D correspond

to a fourth set of pair of positions arranged in the Y direction. In Figure 6 and Figure 7, an

alternate long and short dash line 22x and an alternate long and short dash line 22y respectively15

indicates the center line in the X direction and the center line in the Y directions of the mounting

tool 22. Further, in this example, the mounting tool 22 is a rectangular or a square quardrangle,

and the holding surface 23 is a square plane.

[0048] First, the first height detection process will be described. The triangular pin 41 is set

on the placement surface 12 in the same manner as described above with reference to Figure 2 to20

Figure 5. As shown in Figure 6, the triangular pin 41 is arranged inside a quadrangle surrounded

by the first line 91 to the fourth line 94. First, the CPU 31 of the controller 30 aligns the XY

coordinates of the center line 26 of the mounting head 20 with the XY coordinates of the point A

by the movement mechanism 24, and then lowers the mounting head 20 by the movement
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mechanism 24 to detect the first height HA1 from the reference surface 19 to the mounting tool

22 by the encoder 25 when the holding surface 23 comes into contact with the tip 42 of the

triangular pin 41. At this time, the tip 42 of the triangular pin 41 comes into contact with the

corner of the holding surface 23 on the negative side in the X direction and the positive side in the

Y direction.5

[0049] Similarly, the CPU 31 of the controller 30 aligns the XY coordinates of the center line

26 of the mounting head 20 with the XY coordinates of the point B, and lowers the mounting head

20 to detect the first height HB1. At this time, the tip 42 of the triangular pin 41 comes into

contact with the corner of the holding surface 23 on the positive side in the X direction and the

positive side in the Y direction. Next, the CPU 31 of the controller 30 aligns the XY coordinates10

of the center line 26 of the mounting head 20 with the XY coordinates of the point C and lowers

the mounting head 20 to detect a first height HC1. At this time, the tip 42 of the triangular pin

41 comes into contact with the corner portion of the holding surface 23 on the negative side in the

X direction and the negative side in the Y direction. Finally, the CPU 31 of the controller 30

aligns the XY coordinates of the center line 26 of the mounting head 20 with the XY coordinates15

of the point D and lowers the mounting head 20 to detect a first height HD1. At this time, the tip

42 of the triangular pin 41 comes into contact with the corner portion of the holding surface 23 on

the positive side in the X direction and the negative side in the Y direction. In this way, after

aligning the center line 26 of the mounting head 20 with the point A to the point D, the CPU 31 of

the controller 30 then repeatedly lowers the mounting head 20 to measure the height of the20

mounting tool 22 when the holding surface 23 comes into contact with the tip 42 of the triangular

pin 41, so as to acquire four first heights HA1, HB1, HC1, and HD1. At this time, the tip 42 of

the triangular pin 41 sequentially contacts the four corners of the holding surface 23.

[0050] Next, the second height detection process will be described. Similar to the above



18

described with reference to Figure 2 to Figure 5, as shown in Figure 7, the bottom surface of the

triangular pin 41 is sucked and held on the holding surface 23 so that the tip 42 extends toward

the placement surface 12 of the stage 10. Then, as in the first height detection process, after

aligning the center line 26 of the mounting head 20 with the point A to the point D, the CPU 31 of

the controller 30 repeatedly lowers when the mounting head 20 to measure the height of the5

mounting tool 22 when the tip 42 of the triangular pin 41 comes into contact with the placement

surface 12, so as to acquire second heights HA2, HB2, HC2, and HD2.

[0051] Next, the CPU 31 of the controller 30 calculates the first set of first X difference, the

second set of first X difference, and the first X difference as follows. The first set of first X

difference is the difference between the first height HA1 and the first height HB1 of the point A10

and the point B arranged at the first set of pair of positions arranged in the X direction, and is

calculated by Equation 4.

first set of first X difference = HA1-HB1 -------------------- (Equation 4)

The second set of first X difference is the difference between the first height HC1 and the

first height HD1 of the point C and the point D arranged at the second set of pair of positions15

arranged in the X direction, and the CPU 31 of the controller 30 calculates the second set of first

X difference by following Equation 5.

second set of first X difference = HC1-HD1 -------------------- (Equation 5)

[0052] The CPU 31 of the controller 30 calculates the first X difference as the average value of

the first set of first X difference and the second set of first X difference by following Equation 6.20

first X difference = (first set of first X difference + second set of first X difference / 2

= [(HA1-HB1) + (HC1-HD1)] / 2

= (HA1+HC1) / 2 - (HB1+HD1) / 2 -------------------- (Equation 6)

[0053] Next, the CPU 31 of the controller 30 calculates the first set of second X difference, the
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second set of second X difference, and the second X difference as follows. The first set of second

X difference is the difference between the second height HA2 and the second height HB2 of the

point A and the point B, the first set; the second set of second X difference is the difference between

the second height HC2 and the second height HD2 of the point C and the point D, the second set.

The CPU 31 of the controller 30 calculates the first set of second X difference and the second set5

of second X difference by following Equation 7 and Equation 8.

first set of second X difference = HA2-HB2 -------------------- (Equation 7)

second set of second X difference = HC2-HD2 -------------------- (Equation 8)

[0054] The CPU 31 of the controller 30 calculates the second X difference as the average value

of the first set of second X difference and the second set of second X difference as shown in10

following Equation 9.

second X difference = (first set of second X difference + second set of second X

difference) / 2

= [(HA2-HB2) + (HC2-HD2)] / 2

= (HA2+HC2) / 2 - (HB2+HD2) / 2 -------------------- (Equation 9)15

[0055] Then, the CPU 31 of the controller 30 calculates the X-direction parallelism from the

first X difference and the second X difference as shown following Equation 10.

X-direction parallelism = | first X difference - second X difference |--------------------

(Equation 10)

[0056] Next, the CPU 31 of the controller 30 calculates a third set of first Y difference, a fourth20

set of first Y difference, and the first Y difference as follows. The third set of first Y difference

is the difference between the first height HA1 and the first height HC1 of the point A and the point

C, which are arranged at the third set of pair of positions arranged in the Y direction, and is

calculated by Equation 11.
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third set of first Y difference = HA1-HC1 -------------------- (Equation 11)

The fourth set of first Y difference is the difference between the first height HB1 and the

first height HD1 of the point B and the point D, which are arranged at the fourth set of pair of

positions arranged in the Y direction, and the CPU 31 of the controller 30 calculates the fourth set

of first Y difference by following Equation 5.5

fourth set of first Y difference = HB1-HD1 -------------------- (Equation 12)

[0057] The CPU 31 of the controller 30 calculates the first Y difference as the average value of

the third set of first Y difference and the fourth set of first Y difference by following Equation 13.

first Y difference = (third set of first Y difference + fourth set of first Y difference) / 2

= [(HA1-HC1) + (HB1-HD1)] / 210

= (HA1+HB1) / 2 - (HC1+HD1) / 2 -------------------- (Equation 13)

[0058] Next, the CPU 31 of the controller 30 calculates the third set of second Y difference, the

fourth set of second Y difference, and the second Y difference as follows. The third set of second

Y difference is the difference between the second height HA2 and the second height HC2 of the

point A and the point C, the third set; and the fourth set of second Y difference is the difference15

between the second height HB2 and the second height HD2 of the point B and the point D, the

fourth set. The CPU 31 of the controller 30 calculates the third set of second Y difference and

the fourth set of second Y difference by following Equation 14 and Equation 15.

third set of second Y difference = HA2-HC2 -------------------- (Equation 14)

fourth set of second Y difference = HB2-HD2 -------------------- (Equation 15)20

[0059] The CPU 31 of the controller 30 calculates the second Y difference as the average value

of the third set of second Y difference and the fourth set of second Y difference as shown in

following Equation 16.

second Y difference = (third set of second Y difference + fourth set of second Y
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difference) / 2

= [(HA2-HC2) + (HB2-HD2)] / 2

= (HA2+HB2) / 2 - (HC2+HD2) / 2 -------------------- (Equation 16)

[0060] Then, the CPU 31 of the controller 30 calculates the Y-direction parallelism from the

first Y difference and the second Y difference as shown in following Equation 17.5

Y-direction parallelism = | first Y difference - second Y difference |--------------------

(Equation 17)

[0061] Finally, the CPU 31 of the controller 30 calculates the parallelism between the placement

surface 12 and the holding surface 23 by summing up the X-direction parallelism and the Y-

direction parallelism as shown in following Equation 18.10

Parallelism = X-direction parallelism + Y-direction parallelism

= | first X difference - second X difference | + | first Y difference - second Y difference |

-------------------- (Equation 18)

[0062] As described above, when detecting the parallelism between the placement surface 12

and the holding surface 23 by detecting the height of the mounting tool 22 at four points, the point15

A, the point B, the point C, and the point D, which are arranged in a grid pattern in the X direction

and the Y direction, the parallelism between the placement surface 12 of the stage 10 and the

holding surface 23 of the mounting tool 22 can be detected taking into account the parallelism in

the X direction and the parallelism in the Y direction, the parallelism can be detected more

accurately.20

[0063] When detecting the parallelism between the placement surface 12 and the holding

surface 23 by detecting the height of the mounting tool 22 at four points, the four points do not

have to be arranged in a grid pattern in the X direction and the Y direction. For example, they

may be arranged at the vertices of a rhombus or a trapezoid.
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[0064] Further, as shown in Figure 8, the four points may be arranged in a cross shape in the X

direction and the Y direction. As shown in Figure 8, they may include two points, a point E and

a point F, arranged on a line 95 extending in the X direction and two points, and two points, a point

G and a point H, arranged on a line 96 extending in the Y direction to be orthogonal to the line 95.

In this case, the point E and the point F correspond to a pair of positions arranged in the X direction,5

and the point G and the point H correspond to another pair of positions arranged in the Y direction.

[0065] In this case, the CPU 31 of the controller 30 calculates the first X difference as the

difference between a first height HE1 and a first height HF1 of the point E and the point F as

shown in following Equation 19.

first X difference = HE1-HF1 -------------------- (Equation 19)10

Further, the second X difference is calculated as the difference between a second height

HE2 and a second height HF2 of the point E and the point F as shown in following Equation 20.

second X difference = HE2-HF2 -------------------- (Equation 20)

Then, the CPU 31 of the controller 30 calculates the X-direction parallelism by following

Equation 21, as in the Equation 10 described above.15

X-direction parallelism = | first X difference - second X difference | --------------------

(Equation 21)

[0066] Similarly, the CPU 31 of the controller 30 calculates the first Y difference as the

difference between a first height HG1 and a first height HH1 of the point G and the point H as

shown in following Equation 22.20

first Y difference = HG1-HH1 -------------------- (Equation 22)

[0067] Further, the second Y difference is calculated as the difference between a second height

HG2 and a second height HH2 of the point G and the point H as shown in following Equation 23.

second Y difference = HG2-HH2 -------------------- (Equation 23)
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Then, the CPU 31 of the controller 30 calculates the Y-direction parallelism by following

Equation 24, as in the Equation 17 described above.

Y-direction parallelism = | first Y difference - second Y difference | --------------------

(Equation 24)

Then, the CPU 31 of the controller 30 calculates the parallelism between the placement5

surface 12 and the holding surface 23 as in following Equation 25 by summing up the X-direction

parallelism and the Y-direction parallelism, as in the Equation 18.

Parallelism = X-direction parallelism + Y-direction parallelism

= | first X difference - second X difference | + | first Y difference - second Y difference |

-------------------- (Equation 25)10

[0068] This method requires less calculation than detecting the height of the mounting tool 22

at the four points, the point A, the point B, the point C, and the point D, which are arranged in a

grid pattern in the X direction and the Y direction described above, and can detect the parallelism

between the placement surface 12 of the stage 10 and the holding surface 23 of the mounting tool

22 taking account of the parallelism in the X direction and the parallelism in the Y direction.15

[0069] The above describes that the bottom surface of the triangular pin 41 is placed on the

placement surface 12 and used as the first measurement tool, and the bottom surface of the same

triangular pin 41 is held on the holding surface 23 and used as the second measurement tool, but

the present invention is not limited thereto.

[0070] For example, a triangular pin assembly 44 as shown in Figure 9 may be used as the20

second measurement tool. The triangular pin assembly 44 has the bottom surface of the

triangular pin 41 fixed on a base 43. The base 43 extends toward a direction away from the

triangular pin 41, and an upper surface 43a may be sucked and held on the holding surface 23

without the triangular pin 41 interfering with the mounting tool 22. With the upper surface 43a
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of the base 43 sucked and held on the holding surface 23 of the mounting tool 22, the mounting

head 20 is moved to a predetermined position as shown by an arrow 99, and when the vacuum

suction of the mounting tool 22 is stopped, the triangular pin assembly 44 may be set at a

predetermined position on the placement surface 12.

[0071] Further, as shown in Figure 10, the second measurement tool may be configured by5

placing a jig 46 having a plurality of holes 45 on the placement surface 12 of the stage 10 and

arranging a plurality of triangular pins 41 on the placement surface 12 by inserting each of the

triangular pins 41 into the holes 45 so that the bottom surface is on the lower side. In this case,

the plurality of triangular pins 41 and the jig 46 become a triangular pin arrangement body 47,

which is the second measurement tool.10

[0072] Further, in the above description, it has been described that the first height and the second

height are detected by aligning the center line 26 of the mounting head 20 with the XY coordinates

of the point A, the point B, or the point A to the point D, respectively, but the present invention is

not limited thereto. For example, instead of the center line 26, a reference point of the mounting

head 20 may be set, and the first height and the second height may be detected by aligning the15

coordinate position of the reference point with the XY coordinates of the point A, the point B, or

the point A to the point D, respectively.

[Description of Reference Numerals]

[0073]

10 Stage20

12 Placement surface

14 Substrate

15 Semiconductor chip

19 Reference surface
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20 Mounting head

21 Main body

22 Mounting tool

23 Holding surface

24 Movement mechanism5

25 Encoder

26 Center line

30 Controller

31 CPU

32 Memory10

41 Triangular pin

42 Tip

43 Base

43a Upper surface

44 Triangular pin assembly15

45 Hole

46 Jig

47 Triangular pin arrangement body

100 Mounting apparatus

20
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WHAT IS CLAIMED IS:

1. A parallelism detection method in a mounting apparatus that mounts a

semiconductor chip on a mounted body, the parallelism detection method comprising:

a preparation process of preparing the mounting apparatus comprising a stage

comprising a placement surface on which the mounted body is placed, a mounting head that sucks5

and holds the semiconductor chip on a holding surface facing the placement surface of the stage

and moves in an X direction and an Y direction along the placement surface of the stage and a Z

direction that comes into contact with and separates from the placement surface, and an encoder

that detects a height of the mounting head;

a first height detection process of detecting a plurality of the first heights of the10

mounting head, by arranging a first measurement tool having a predetermined height on the

placement surface of the stage and repeatedly executing, at a plurality of measurement positions,

an operation of lowering the mounting head to detect a first height of the mounting head by the

encoder when the holding surface comes into contact with an upper end of the first measurement

tool, when the upper end of the first measurement tool comes into contact with the holding surface;15

a second height detection process of detecting a plurality of the second heights of the

mounting head, by holding a second measurement tool on the holding surface of the mounting

head and repeating executing, at the plurality of measurement positions, an operation of lowering

the mounting head to detect a second height of the mounting head by the encoder when a lower

end of the second measurement tool held on the holding surface comes into contact with the20

placement surface, when a lower end of the second measurement tool comes into contact with the

placement surface; and

a parallelism calculation process of calculating a parallelism between the placement

surface of the stage and the holding surface of the mounting head based on the plurality of the first
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heights and the plurality of the second heights.

2. The parallelism detection method according to claim 1,

wherein the parallelism calculation process:

calculates a first difference between the plurality of the first heights and a second

difference between the plurality of the second heights, at the plurality of measurement positions;5

and

calculates the parallelism as an absolute value of a difference between the first

difference and the second difference.

3. The parallelism detection method according to claim 2,

wherein the plurality of measurement positions are a pair of positions arranged in the10

X direction and another pair of positions arranged in the Y direction, and

the parallelism calculation process:

calculates a first X difference between a pair of the first heights and a second X

difference between a pair of the second heights, at the pair of positions;

calculates an X-direction parallelism as an absolute value of a difference between the15

first X difference and the second X difference;

calculates a first Y difference between the another pair of the first heights and a second

Y difference between the another pair of the second heights, at the another pair of positions;

calculates an Y-direction parallelism as an absolute value of a difference between the

first Y difference and the second Y difference; and20

calculates the parallelism as a sum of the X-direction parallelism and the Y-direction

parallelism.

4. The parallelism detection method according to claim 2,

wherein the plurality of measurement positions are four positions arranged in a grid
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pattern in the X direction and the Y direction, and

the parallelism calculation process:

calculates a first set of first X difference between a pair of the first heights at a first set

of pair of positions arranged in the X direction and a second set of first X difference between a

pair of the first heights at a second set of pair of positions arranged in the X direction;5

calculates an average value of the first set of first X difference and the second set of

first X difference as a first X difference;

calculates a first set of second X difference between a pair of the second heights at the

first set of pair of positions and a second set of second X difference between a pair of the second

heights at the second set of pair of positions;10

calculates an average value of the first set of second X difference and the second set of

second X difference as a second X difference;

calculates an X-direction parallelism as an absolute value of a difference between the

first X difference and the second X difference;

calculates a third set of first Y difference between a pair of the first heights at a third15

set of pair of positions arranged in the Y direction and a fourth set of first Y difference between a

pair of the first heights at a fourth set of pair of positions arranged in the Y direction;

calculates an average value of the third set of first Y difference and the fourth set of

first Y difference as a first Y difference;

calculates a third set of second Y difference between a pair of the second heights at a20

third set of pair of positions and a fourth set of second Y difference between a pair of the second

heights at a fourth set of pair of positions;

calculates an average value of the third set of second Y difference and the fourth set of

second Y difference as a second Y difference;
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calculates an Y-direction parallelism as an absolute value of a difference between the

first Y difference and the second Y difference; and

calculates the parallelism as a sum of the X-direction parallelism and the Y-direction

parallelism.

5. The parallelism detection method according to claim 4,5

wherein the holding surface is a square surface, and

the upper end of the first measurement tool sequentially contacts four corners of the

holding surface.

6. The parallelism detection method according to any one of claims 1 to 5,

wherein the first measurement tool and the second measurement tool are same cones10

having sharp tips,

the tip becomes the upper end of the first measurement tool in the first height detection

process when a bottom surface of the cone is placed on the placement surface, and

the tip becomes a lower end of the second measurement tool in the second height

detection process when the bottom surface is held on the holding surface.15

7. A mounting apparatus that mounts a semiconductor chip on a mounted body, the

mounting apparatus comprising:

a stage comprising a placement surface on which the mounted body is placed,

a mounting head that sucks and holds the semiconductor chip on a holding surface

facing the placement surface of the stage and moves in an X direction and an Y direction along20

the placement surface of the stage and a Z direction that comes into contact with and separates

from the placement surface,

an encoder that detects a height of the mounting head, and

a controller that adjusts a movement of the mounting head and calculates a parallelism
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between the placement surface of the stage and the holding surface of the mounting head based

on a height of the mounting head detected by the encoder,

wherein the controller:

detects a plurality the first heights of the mounting head, by arranging a first

measurement tool having a predetermined height on the placement surface of the stage and5

repeatedly executing, at a plurality of measurement positions, an operation of lowering the

mounting head to detect a first height of the mounting head by the encoder when the holding

surface comes into contact with an upper end of the first measurement tool, when the upper end

of the first measurement tool comes into contact with the holding surface;

detects a plurality of the second heights of the mounting head, by holding a second10

measurement tool on the holding surface of the mounting head and repeatedly executing, at the

plurality of measurement positions, an operation of lowering the mounting head to detect a second

height of the mounting head by the encoder when a lower end of the second measurement tool

held on the holding surface comes into contact with the placement surface, when a lower end of

the second measurement tool comes into contact with the placement surface; and15

calculates the parallelism between the placement surface of the stage and the holding

surface of the mounting head based on the plurality of the first heights and the plurality of the

second heights.

8. The mounting apparatus according to claim 7,

wherein the controller:20

calculates a first difference between the plurality of the first heights and a second

difference between the plurality of the second heights, at the plurality of measurement positions;

and

calculates the parallelism as an absolute value of a difference between the first
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difference and the second difference.

9. The mounting apparatus according to claim 7 or 8,

wherein the first measurement tool and the second measurement tool are same cones

having sharp tips,

the tip becomes the upper end of the first measurement tool when a bottom surface is5

placed on the placement surface, and

the tip becomes a lower end of the second measurement tool when the bottom surface

is held on the holding surface.

10


