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DEVICE AND METHOD FOR LINEARLY MOVING MOVABLE BODY 

RELATIVE TO OBJECT 

 

 

BACKGROUND OF THE INVENTION 5 

Technical Field 

[0001] The present invention relates to a device and a method for linearly moving a 

movable body with respect to an object. 

Related Art 

[0002] For example, in manufacture of a semiconductor device, mounting devices for 10 

mounting electronic components such as a semiconductor die and the like on a substrate 

or another semiconductor die, or many bonding devices such as wire bonding devices for 

bonding wires to electrodes of the semiconductor die and electrodes of the substrate are 

used.  The bonding device includes: a bonding head mounted on an XY table, a bonding 

arm attached to the bonding head to move a bonding tool in an up-down direction, and a 15 

position detection camera attached to the bonding head and detecting a bonding position 

of the substrate.  A center line of the bonding tool and an optical axis of the position 

detection camera are arranged apart from each other at a predetermined offset distance.  

Besides, in many cases, after the optical axis of the position detection camera is aligned 

with the bonding position, bonding is performed by moving the bonding head by the offset 20 

distance and moving the center line of the bonding tool to the bonding position. 

[0003] On the other hand, if the bonding operation is continued, the offset distance 

changes due to temperature rise.  Thus, even if the bonding head is moved by the offset 

distance after the optical axis of the position detection camera is aligned with the bonding 
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position, the center line of the bonding tool may not be the bonding position.  Therefore, 

a bonding device which calibrates an offset distance in the middle of the bonding 

operation has been proposed (for example, see patent literature 1). 

[Literature of related art] 

[Patent literature] 5 

[0004] Paten literature 1: Japanese Patent Laid-Open No. 2001-203234 

 

SUMMARY 

[Problems to be Solved] 

[0005] Meanwhile, in many bonding devices, a linear scale is used to detect a 10 

movement amount of a base having a bonding head.  In this case, there is a problem that 

when the temperature of the bonding device rises, the linear scale expands and an error 

occurs in the movement amount of the base that moves on the basis of graduations of the 

linear scale.  In addition, because the temperature rise of the linear scale is not uniform, 

the thermal expansion amount of the linear scale often differs depending on sites.  Thus, 15 

there is a problem that mounting precision of electronic components is reduced due to 

reduction in position detection precision of the bonding head. 

[0006] Therefore, the objective of the present invention is to improve the movement 

precision of a movable body. 

[Means to Solve Problems] 20 

[0007] A device of the present invention linearly moves a movable body with respect 

to an object and includes: the movable body which is moved linearly with respect to the 

object and has a first position and a second position apart from each other by a 

predetermined interval in a movement direction; a scale which is arranged along the 
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movement direction of the movable body and in which a plurality of graduations is 

arranged with predetermined pitches along the movement direction; a first detection unit 

which is arranged in the first position of the movable body and detects a first graduation 

number of the scale with respect to the first position; a second detection unit which is 

arranged in the second position of the movable body and detects a second graduation 5 

number of the scale with respect to the second position; and a control unit which moves 

the movable body along the scale while sequentially detects the first graduation number 

and the second graduation number by the first detection unit and the second detection unit, 

and controls a movement amount of the movable body on the basis of a ratio of the 

predetermined interval with respect to a distance between the first graduation number and 10 

the second graduation number on the scale. 

[0008] In the device of the present invention, the movable body may be a transport 

mechanism which transports a semiconductor die to the object, the object may be a 

substrate on which the semiconductor die that has been transported is mounted or other 

semiconductor die, and the device may be a device for mounting the semiconductor die 15 

on the object. 

[0009] In the device of the present invention, the control unit may calculate, on the 

basis of the ratio of the predetermined interval with respect to the distance between the 

first graduation number and the second graduation number on the scale, a position 

compensation coefficient for each predetermined number of graduations from one end of 20 

the scale. 

[0010] The device of the present invention may include a distance detector for 

detecting a distance of the movable body from a reference position.  The control unit 

may detect the distance of the movable body from the reference position by the distance 
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detector while move the movable body by a reference distance, and detect a graduation 

number difference of the scale before and after moving the movable body by the reference 

distance by the first detection unit or the second detection unit, and correct the movement 

amount on the basis of the reference distance and the graduation number difference. 

[0011] The device of the present invention may include: a reference member in which 5 

position marks are arranged apart from each other by a reference distance; and an image 

acquisition part which is arranged in the movable body and acquires images of the 

position marks.  The control unit may move the movable body by the reference distance 

on the basis of the images of the position marks acquired by the image acquisition part, 

detects the graduation number difference of the scale at a time of moving by the first 10 

detection unit or the second detection unit, and correct the movement amount on the basis 

of the reference distance and the graduation number difference. 

[0012] A method of the present invention is a method for linearly moving a movable 

body with respect to an object and includes: linearly moving the movable body having a 

first position and a second position apart from each other by a predetermined interval in 15 

a movement direction with respect to the object; arranging a scale along the movement 

direction of the movable body, a plurality of graduations being arranged with 

predetermined pitches along the movement direction in the scale; arranging a first 

detection unit for detecting a first graduation number of the scale with respect to the first 

position in the first position of the movable body; arranging a second detection unit for 20 

detecting a second graduation number of the scale with respect to the second position in 

the first position of the movable body; and moving the movable body along the scale 

while sequentially detecting the first graduation number and the second graduation 

number by the first detection unit and the second detection unit, and controlling a 
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movement amount of the movable body on the basis of a ratio of the predetermined 

interval with respect to a distance between the first graduation number and the second 

graduation number on the scale. 

[0013] The method of the present invention may include: detecting a distance of the 

movable body from a reference position by a distance detector; detecting the distance of 5 

the movable body from the reference position by the distance detector while moving the 

movable body by a reference distance, and detecting a graduation number difference of 

the scale before and after moving the movable body by the reference distance by the first 

detection unit or the second detection unit; and correcting the movement amount on the 

basis of the reference distance and the graduation number difference. 10 

[0014] The method of the present invention may include: arranging position marks 

apart from each other by a reference distance in a reference member; arranging an image 

acquisition part in the movable body; acquiring images of the position marks by the image 

acquisition part, and moving the movable body by the reference distance on the basis of 

the acquired images of the position marks; detecting the graduation number difference of 15 

the scale when the movable body is moved by the reference distance by the first detection 

unit or the second detection unit; and correcting the movement amount on the basis of the 

reference distance and the graduation number difference. 

[Effect] 

[0015] The present invention can improve the movement precision of a movable body. 20 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a system diagram showing a system configuration of a mounting 

device in an embodiment. 
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 FIG. 2 is an illustration diagram showing a basic operation when a linear scale 

thermally expands in the mounting device shown in FIG. 1, wherein (a) shows a state at 

a reference position, and (b) shows a state in which a base is moved in a manner that a 

center line of a bonding head-side encoder head is aligned with a graduation position of 

the linear scale detected by a camera-side encoder head. 5 

 FIG. 3 is an illustration diagram showing a basic operation when the base 

thermally expands in the mounting device shown in FIG. 1, wherein (a) shows a state at 

a reference position, and (b) shows a state in which the base is moved in a manner that 

the center line of the bonding head-side encoder head is aligned with the graduation 

position of the linear scale detected by the camera-side encoder head. 10 

 FIG. 4 is a flow chart showing a calculation operation of a position 

compensation coefficient of the linear scale in the mounting device shown in FIG. 1. 

 FIG. 5 is a graph showing a change in a position of the base with respect to 

the linear scale and a change in the position compensation coefficient with respect to the 

linear scale during the operation shown in FIG. 4. 15 

 FIG. 6 is a flowchart showing another calculation operation of a position 

compensation coefficient of the linear scale in the mounting device shown in FIG. 1. 

 FIG. 7 is an illustration diagram showing a relationship between the linear 

scale, the base, and a reference member when the base is moved by a reference distance. 

 20 

DESCRIPTION OF THE EMBODIMENTS 

[0017] <Configuration of mounting device> 

A mounting device 100 that mounts a semiconductor die 15 on a substrate 16 or the like 

is described below as an example of a device that linearly moves a movable body with 
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respect to an object.  As shown in FIG. 1, the mounting device 100 of the embodiment 

mounts the semiconductor die 15 which is a first electronic component on the substrate 

16 which is an object or another semiconductor die which is a second electronic 

component not shown.  The mounting device 100 includes a base 10 which is a movable 

body, a bonding head 20, a camera 25, a bonding head-side encoder head 31 which is a 5 

first detection unit, a camera-side encoder head 32 which is a second detection unit, a 

linear scale 33, a control unit 50, a laser distance detector 45, and a bonding stage 13 for 

attracting and fixing the substrate 16 which is the object.  The mounting device 100 is, 

for example, a flip-chip bonding device that mounts the semiconductor die 15 on the 

substrate 16 after inverting the semiconductor die 15  However, the mounting device 10 

100 may also be a die bonding device that mounts the semiconductor die 15 on the 

substrate 16 without inverting the semiconductor die 15. 

[0018] The base 10 is guided by a guide rail 11 extending in an X-direction which is 

a linear direction to linearly move in the X-direction.  In addition, a linear motor 12 for 

driving the base 10 in the X-direction is attached to the base 10. 15 

[0019] The bonding head 20 and the camera 25 which is an image acquisition part are 

attached to the base 10.  The bonding head 20 is configured for moving a bonding tool 

21 in a Z-direction which is a vertical direction, the bonding tool 21 being a mounting 

tool for vacuum-attracting the semiconductor die 15 to bond the semiconductor die 15 to 

the substrate 16.  The reference sign 22z in FIG. 1 indicates a center line of the bonding 20 

head 20 in the Z-direction.  In addition, because the bonding tool 21 is disposed 

coaxially with the center line 22z of the bonding head 20 in the Z-direction, the center 

line 22z is a line passing through the center of the bonding tool 21.  The camera 25 

acquires an image of the substrate 16 by capturing the image from above.  The reference 
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sign 26z in FIG. 1 indicates an optical axis of the camera 25.  The bonding head 20 and 

the camera 25 are attached to the base 10 in a manner that the center line 22z of the 

bonding head 20 in the Z-direction and the optical axis 26z of the camera 25 are separated 

from each other by a predetermined interval a in the X-direction which is the movement 

direction of the base 10.  Here, the predetermined interval a is an offset distance.  The 5 

base 10 is a transport mechanism for transporting the semiconductor die 15 attracted by 

the bonding tool 21 to the substrate 16. 

[0020] In addition, the bonding head-side encoder head 31 and the camera-side 

encoder head 32 are attached to the base 10.  As shown in FIG. 1, the bonding head-side 

encoder head 31 is attached to a first position of the base 10 in a manner that a center line 10 

31a is at the same position as the center line 22z of the bonding head 20 in the Z-direction.  

In addition, the camera-side encoder head 32 is attached to a second position of the base 

10 in a manner that a center line 32a is at the same position as a position C of the optical 

axis 26z of the camera 25.  Therefore, the first position where the bonding head-side 

encoder head 31 is attached and the second position where the camera-side encoder head 15 

32 is attached are separated by the predetermined interval a in the X-direction which is 

the movement direction of the base 10. 

[0021] At a position facing the bonding head-side encoder head 31 and the camera-

side encoder head 32, the common linear scale 33 extending in the X-direction which is 

the movement direction of the base 10 is arranged.  The linear scale 33 has a plurality 20 

of graduations 34 engraved at predetermined pitches p.  The bonding head-side encoder 

head 31 and the camera-side encoder head 32 optically read the graduations 34 and detect 

a graduation number on the linear scale 33. 

[0022] The bonding stage 13 vacuum-attracts the substrate 16. 
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[0023] The laser distance detector 45 is arranged at a position separate from the 

bonding stage 13 and detects a distance of the base 10 from the reference position by a 

laser.  The laser distance detector 45 can detect the distance of the base from the 

reference position in the X-direction regardless of a change in a length of the linear scale 

33 caused by a temperature change of the mounting device 100. 5 

[0024] As shown in FIG. 1, the linear motor 12 and the bonding head 20 are connected 

to the control unit 50 and operated according to commands from the control unit 50.  In 

addition, the bonding head-side encoder head 31 and the camera-side encoder head 32 are 

connected to the control unit 50, and data of the detected graduation position of the linear 

scale 33 is input to the control unit 50.  In addition, the camera 25 and the laser distance 10 

detector 45 are also connected to the control unit 50, and the image captured by the camera 

25 and data of the movement distance of the base 10 in the X-direction detected by the 

laser distance detector 45 are input to the control unit 50. 

[0025] The control unit 50 is a computer including a CPU that internally performs 

information processing and a memory that stores operation programs and data, and 15 

adjusts the position or the movement amount of the base 10 in the X-direction. 

[0026] The guide rail 11 and the linear scale 33 of the mounting device 100 shown in 

FIG. 1 can be integrally moved in a Y-direction by a Y-direction driving mechanism 

which is not shown.  The Y-direction driving mechanism is connected to the control unit 

50 and is operated according to a command from the control unit 50.  Moreover, the Y-20 

direction is a horizontal direction orthogonal to the X-direction. 

[0027] Moreover, in the mounting device 100 of the embodiment, it is described that 

the bonding head-side encoder head 31 is attached to the base 10 in a manner that the 

center line 31a is disposed at the same position as the center line 22z of the bonding head 
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20 in the Z-direction, and the camera-side encoder head 32 is attached to the base 10 in a 

manner that the center line 32a is disposed at the same position as the optical axis 26z of 

the camera 25, but the present invention is not limited hereto.  If the bonding head-side 

encoder head 31 and the camera-side encoder head 32 are arranged separate from each 

other by the predetermined interval a in the X-direction, the bonding head-side encoder 5 

head 31 may be arranged near the bonding head 20, and the camera-side encoder head 32 

may be arranged near the camera 25. 

[0028] <Basic operation of mounting device> 

Next, a basic operation of the mounting device 100 of the embodiment is described with 

reference to FIGS. 2 and 3.  (a) of FIG. 2 shows a case where the base 10 is at the image 10 

capturing position.  In description of FIGS. 2 and 3, the image capturing position is a 

position where the position C of the optical axis 26z of the camera 25 coincides with a 

center position S of a bonding region, a center position BH of the bonding tool 21 and a 

center position D of the semiconductor die 15 coincides with each other, and the center 

position D of the semiconductor die 15 attracted by the bonding tool 21 is on the center 15 

line 22z of the bonding head 20 in the Z-direction. 

[0029] As shown in (a) of FIG. 2, at the image capturing position, the position C (x, 

y) of the optical axis 26z of the camera 25 coincides with the center position S (x, y) of 

the bonding region.  At the image capturing position, the center line 32a of the camera-

side encoder head 32 is at the position of the N-th graduation of the linear scale 33.  Data 20 

indicating that the center line 32a of the camera-side encoder head 32 is at the position of 

the N-th graduation of the linear scale 33 is input from the camera-side encoder head 32 

to the control section 50.  Next, the control unit 50 moves the base 10 in the X-direction 

by the linear motor 12 shown in FIG. 1.  At this time, the control unit 50 detects the data 
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of the graduation of the linear scale 33 by the bonding head-side encoder head 31.  Then, 

the control unit 50 moves the base 10 in the X-direction until the graduation of the linear 

scale 33 detected by the bonding head-side encoder head 31 reaches the position of the 

N-th graduation.  As shown in (b) of FIG. 2, when the graduation of the linear scale 33 

detected by the bonding head-side encoder head 31 reaches the position of the N-th 5 

graduation, the center line 22z of the bonding head 20 and the center position D of the 

semiconductor die 15 is at the position of the N-th graduation of the linear scale 33, that 

is, the center position S of the bonding region.  In this way, the mounting device 100 of 

the embodiment can make the center position D of the semiconductor die 15 coincide 

with the center position S of the bonding region. 10 

[0030] In (a) of FIG. 2 and (b) of Fig. 2, a linear scale 33' and a graduation 34' 

indicated by broken lines show a state in which the linear scale 33 thermally expands.  

When the linear scale 33 thermally expands, the graduation position detected by the 

camera-side encoder head 32 at the image capturing position is N'.  Then, the control 

unit 50 moves the base 10 in the X-direction until the graduation of the linear scale 33 15 

detected by the bonding head-side encoder head 31 reaches the position of the N'-th 

graduation.  Accordingly, the center position D of the semiconductor die 15 can be 

aligned to the position of the N'-th graduation of the linear scale 33, that is, the center 

position S of the bonding region. 

[0031] As described above, even if the linear scale 33 thermally expands, the 20 

mounting device 100 of the embodiment can align the center position D of the 

semiconductor die 15 to the center position S of the bonding region without performing 

calibration of the predetermined interval a that is an offset distance. 

[0032] (a) of FIG. 3 and (b) of FIG. 3 show a case where the base 10 thermally 
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expands in the X-direction.  As shown in (a) of FIG. 3, at the image capturing position, 

the position C (x, y) of the optical axis 26z of the camera 25 coincides with the center 

position S (x, y) of the bonding region.  At the image capturing position, the center line 

32a of the camera-side encoder head 32 is at the position of the N-th graduation of the 

linear scale 33.  At this time, the center line 22z of the bonding head 20 is at a position 5 

separate from the optical axis 26z of the camera 25 in the X-direction by an interval a'. 

[0033] Similarly as described with reference to (b) of FIG. 2, the control unit 50 

moves the base 10 in the X-direction until the graduation of the linear scale 33 detected 

by the bonding head-side encoder head 31 reaches the position of the N-th graduation.  

Then, the center position D of the semiconductor die 15 is at the position of the N-th 10 

graduation of the linear scale 33, that is, the center position S of the bonding region.  In 

this way, even if the base 10 thermally expands, the mounting device 100 of the 

embodiment can align the center position D of the semiconductor die 15 to the center 

position S of the bonding region without performing calibration of the predetermined 

interval a that is an offset distance.  In addition, the movement precision of the base 10 15 

can be improved without adjusting the predetermined interval a. 

[0034] <Calculation operation (calculation method) of position compensation 

coefficient k(n) of linear scale in mounting device> 

Next, a calculate operation of a position compensation coefficient k(n) of the linear scale 

33 is described with reference to FIGS. 4 and 5.  As described above with reference to 20 

FIGS. 2 and 3, even if the linear scale 33 or the base 10 thermally expands, the mounting 

device 100 of the embodiment can align the center position D of the semiconductor die 

15 to the center position S of the bonding region without performing calibration of the 

predetermined interval a that is an offset distance.  However, if the linear scale 33 or the 
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base 10 thermally expands, an error may occur when the base is moved from the reference 

position of the mounting device 100 to a predetermined position.  Therefore, the 

calculation operation (the calculation method) of the position compensation coefficient 

of the linear scale 33 is described below. 

[0035] As shown in step S101 of FIG. 4, the control unit 50 initially sets n to 1.  Then, 5 

as shown in step S102 of FIG. 4 and in FIG. 5, the control unit 50 aligns the center line 

31a of the bonding head-side encoder head 31 to a first graduation number B1(1) of the 

linear scale 33.  Then, in step S103 of FIG. 4, the control unit 50 detects, by the laser 

distance detector 45, the position of the base 10 in the X-direction at this time as an initial 

position. 10 

[0036] Next, as shown in step S104 of FIG. 4, the control unit 50 reads, by the 

camera-side encoder head 32, a second graduation number B2(1) of the linear encoder 33 

on which the center line 32a of the camera-side encoder head 32 is positioned.  Then, 

the control unit 50 proceeds to step S105 in FIG. 4 and calculates a distance A1(1) 

between the second graduation number B2(1) and the first graduation number B1(1) on 15 

the linear scale 33 by the following (Equation 1).  The distance A(1) is also the distance 

detected by the linear scale 33 between the center line 31a of the bonding head-side 

encoder head 31 and the center line 32a of the camera-side encoder head 32. 

A(1) = [B2(1) - B1(1) × p] ... (Equation 1) 

In (Equation 1), p is the pitch of the graduations 34 of the linear scale 33. 20 

[0037] Next, the control unit 50 proceeds to step S106 in FIG. 4 and calculates the 

position compensation coefficient k(1) of the linear scale 33 by the following (Equation 

2).  The position compensation coefficient k(1) is a ratio of the predetermined interval a 

between the center line 31a of the bonding head-side encoder head 31 and the center line 
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32a of the force-measurement-side encoder head 32 with respect to the distance A(1) 

between the second graduation number B2(1) and the first graduation number B1(1) on 

the linear scale 33. 

k(1) = a / A(1) ... (Equation 2) 

Steps S105 and S106 in FIG. 4 configure a correction coefficient calculation step. 5 

[0038] Next, the control unit 50 proceeds to step S107 in FIG. 4, moves the base 10 

by the linear motor 12 in the X-direction by a predetermined number of graduations ΔB, 

and aligns the center line 31a of the bonding head-side encoder head 31 to the second 

graduation number B2(1)=B1(1) + ΔB.  Then, the control unit 50 proceeds to step S108 

in FIG. 4 and stores B1(1) + ΔB to B1(2).  The control unit 50 determines whether or 10 

not n reaches nend in step S109 in FIG. 4, and if n has not reached nend, the control unit 

50 proceeds to step S110 in FIG. 4, increments n by 1 and returns to step S104 in FIG. 4 

as n = n + 1 = 2.  Here, nend is a movement number required until the base 10 is moved 

to an end position, and a first graduation number B1(nend) indicates the graduation 

number of the linear scale 33 where the center line 31a of the bonding head-side encoder 15 

head 31 is positioned when the base 10 is moved to the end position.  Step S104 and 

steps S107 to S110 of FIG. 4 configure a graduation number detection step. 

[0039] As described above, the control unit 50 moves the base 10 linearly in the X-

direction by the predetermined number of graduations ΔB of the linear scale 33, and 

sequentially detects, by the bonding head-side encoder head 31 and the camera-side 20 

encoder head 32, the first graduation number B1(n) of the linear scale 33 where the center 

line 31a of the bonding head-side encoder head 31 is positioned and the second graduation 

number B2(n) of the linear scale 33 where the center line 32a of the camera-side encoder 

head 32 is positioned.  Then, the control unit 50 repeats the operation of calculating the 
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position compensation coefficient k(n) of the linear scale 33, which is the ratio of the 

predetermined interval a between the center line 31a of the bonding head-side encoder 

head 31 and the center line 32a of the camera-side encoder head 32 with respect to the 

distance A(n) between the second graduation number B2(n) and the first graduation 

number B1(n) on the linear scale 33.  In this way, the control unit 50 can calculate the 5 

position compensation coefficient k(n) for each predetermined number of graduations ΔB 

from one end of the linear scale 33, and calculate the position compensation coefficient 

k(n) of the linear scale 33 in each graduation number B(n) of the linear scale 33 as shown 

in the graph of FIG. 5. 

[0040] Now, when neither the linear scale 33 nor the base 10 has thermal expansion 10 

at room temperature, as shown in FIG. 5, if the first graduation number B1(1) is set to 0 

and the second graduation number B2(1) is set to 10 when n = 1, 

A(1) = [B2(1) - B1(1)] × p = [10 - 0] × p 

= 10 graduations × p = a, and 

k(1) = a / A(1) = 1.0. 15 

[0041] At a position of n = 2, the linear scale 33 thermally expands and the 

predetermined interval a of the base 10 is invariable.  In this case, the pitch p of the 

graduations 34 of the linear scale 33 is p' ( p) due to the thermal expansion.  When the 

center line 31a of the bonding head-side encoder head 31 at n = 2 is aligned to the first 

graduation number B1(2) = 20th, the number of graduations between the second 20 

graduation number B2(2) and the first graduation number B1(2) is less than 10 

graduations in the case without thermal expansion, for example, 9 graduations.  Thus, 

the distance A(2) between the second graduation number B2(2) and the first graduation 

number B1(2) on the linear scale 33, or the distance A(2) between the center line 31a of 
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the bonding head-side encoder head 31 and the center line 32a of the camera-side encoder 

head 32 is 

A(2) = [B2(2) - B1(2)] × p 

=9 graduations ×p. 

On the other hand, the predetermined interval a of the base 10 is invariable and is 10 5 

graduations × p, and thus, 

k(2) = a / A(2) = (10 graduations × p) / (9 graduations × p) > 1.0. 

As described above, when the linear scale 33 is extended by thermal expansion, the 

position compensation coefficient k(n) becomes a number larger than 1.0.  In addition, 

conversely, when the linear scale 33 contracts at a temperature lower than the normal 10 

temperature, the position compensation coefficient k(n) becomes a number smaller than 

1.0. 

[0042] If the base 10 is moved by the predetermined number of graduations ΔB in the 

X-direction when the linear scale 33 does not thermally expand, the base 10 is moved by 

ΔB × p in the X-direction.  If the linear scale 33 thermally expands or contracts, the 15 

movement distance of the base 10 compensates for the thermal expansion or contraction 

and becomes ΔB × p × k(n).  Because k(n) is larger than 1.0 when the linear scale 33 

thermally expands, the movement distance of the base 10 is larger than ΔB × p, and 

because k(n) is smaller than 1.0 when the linear scale 33 contracts, the movement distance 

of the base 10 is smaller than ΔB × p.  In addition, the movement distance from the 20 

initial position to the end position of the base 10 is obtained by integrating ΔB × p × k(n) 

from n = 1 to nend. 

[0043] When n reaches nend, the control unit 50 proceeds to step S111 in FIG. 4 and 

calculates a total movement distance La of the base 10 by the following (Equation 3). 
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La = ∑[ΔB × p × k(n)] .... (Equation 3) 

[0044] The La calculated by the above (Equation 3) is the total movement distance of 

the base 10 when the predetermined interval a of the base 10 is invariable and the thermal 

expansion of the linear scale 33 is taken into consideration.  However, the predetermined 

interval a of the base 10 also thermally expands depending on the temperature.  5 

Therefore, as described below, the position compensation coefficient k(n) is corrected in 

consideration of the thermal expansion amount of the predetermined interval a of the base 

10. 

[0045] The control unit 50 proceeds to step S112 in FIG. 4, detects the end position 

of the base 10 by the laser distance detector 45, proceeds to step S113 in FIG. 4, and 10 

calculates a movement distance Lc of the base 10 from the initial position to the end 

position detected by the laser distance detector 45. 

[0046] The control unit 50 proceeds to step S114 in FIG. 4 and corrects the position 

compensation coefficient k(n) according to the following (Equation 4) to obtain ka(n). 

ka(n) = k(n) × [La / Lc] ... (Equation 4) 15 

The control unit 50 stores the corrected position compensation coefficient ka(n) in the 

memory.  As shown in FIG. 5, the corrected position compensation coefficient ka(n) 

shows a distribution of the position compensation coefficient ka(n) of the linear scale 33 

corresponding to the graduation number B(n) of the linear scale 33 in consideration of the 

change in the predetermined interval a of the base 10 caused by the thermal expansion or 20 

a map of the position compensation coefficient ka(n).  Steps S111 to S114 in FIG. 4 

configure a correction coefficient correction step. 

[0047] The control unit 50 uses the corrected position compensation coefficient ka(n) 

to correct, as follows, the position of the center line 31a of the bonding head-side encoder 
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head 31 detected using the linear scale 33.  When the graduation number of the linear 

scale 33 detected by the bonding head-side encoder head 31 is B100 and B100=ΔB × m 

+ j, the control unit 50 calculates a distance L100 from a graduation number 0 to the 

center line 31a of the bonding head-side encoder head 31 as 

L100 = [∑ΔB × ka(n) × p] (n=1 to m) + ka(m + 1) × j × p 5 

and controls the movement amount or movement distance of the base 10. 

[0048] In other words, when no correction is made, the control unit 50 corrects, using 

the corrected position compensation coefficient ka(n), a movement distance L100b = (ΔB 

× m + j) × p of the bonding head-side encoder head 31 from the graduation number 0 to 

the graduation number B100 detected by the linear scale 33 to the distance L100=[∑ΔB 10 

× ka(n) × p] (n = 1 to m) + ka(m + 1) × j × p, and the control unit 50 controls the movement 

amount or movement distance of the base 10 to which the bonding head-side encoder 

head 31 is attached. 

[0049] As described above, the mounting device 100 of the embodiment linearly 

moves the base 10 by the predetermined number of graduations ΔB, sequentially detects 15 

the graduation numbers by the bonding head-side encoder head 31 and the camera-side 

encoder head 32 to create the map of the position compensation coefficient ka(n) of the 

linear scale 33, and corrects the position of each of the encoder heads 31 and 32 on the 

basis of the created map of the position compensation coefficient ka(n), and thus the 

position detection precision of the bonding head 20 and the camera 25 can be improved, 20 

and the movement precision of the base 10 can be improved. 

[0050] Next, another calculation operation of the position compensation coefficient 

k(n) of the linear scale of the mounting device 100 according to the embodiment is 

described with reference to FIGS. 7 and 6.  The same operations as those described with 
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reference to FIGS. 4 and 5 are denoted by the same step signs and description thereof is 

omitted. 

[0051] In the operation shown in FIG. 5, the base 10 is moved by the predetermined 

number of graduations ΔB, movement graduation numbers of the linear scale 33 are 

detected by each of the encoder heads 31 and 32, and each position compensation 5 

coefficient k(n) is calculated.  Thereafter, the position of the base 10 is detected by the 

laser distance detector 45, the number of graduations when the base 10 is moved by a 

reference distance Lr is detected, and the position compensation coefficient k(n) is 

calculated based on the result.  The calculation of each position compensation 

coefficient k(n) is the same as that described above with reference to FIGS. 4 and 5, and 10 

description thereof is omitted. 

[0052] After calculating k(n) by repeatedly executing steps S101 to 3110 in FIG. 6, 

the control unit 50 proceeds to step S201 in FIG. 6. 

[0053] In step S201 in FIG. 6, the control unit 50 aligns the base 10 to a predetermined 

reference position as shown in FIG. 7.  Then, the control unit 50 detects, by the bonding 15 

head-side encoder head 31, a graduation number B(s) of the linear scale 33 on which the 

bonding head-side encoder head 31 is positioned when the base 10 is at the reference 

position.  In addition, the control unit 50 detects a first distance from the laser distance 

detector 45 to the base 10 by the laser distance detector 45.  Next, the control unit 50 

detects the distance to the base 10 by the laser distance detector 45 and moves the base 20 

10 by the reference distance Lr in the X-direction.  When the base 10 is moved by the 

reference distance Lr and reaches a stop position, the control unit 50 detects a graduation 

number B(e) of the linear scale 33 at the stop position by the bonding head-side encoder 

head 31.  From a difference = (B(e) - B(s) between the graduation number of the 
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reference position and the graduation number of the stop position, the control unit 50 

calculates a graduation number difference NB = (B(e) - B(s)) of the linear scale 33 when 

the base 10 is moved by the reference distance Lr. 

[0054] After detecting the graduation number difference NB, the control unit 50 

proceeds to step S202 in FIG. 6 and corrects the position compensation coefficient k(n) 5 

by the following (Equation 5). 

ka(n) = k(n) × [NB × p] / Lr] ... (Equation 5) 

[0055] Similarly to the above-described embodiment, the control unit 50 corrects, 

using the corrected position compensation coefficient ka(n), the position of the center line 

31a of the bonding head-side encoder head 31 detected by the linear scale 33 or the 10 

position of the center line 32a of the camera-side encoder head 32.  In addition, the 

movement distance of each of the encoder heads 31 and 32 detected by the linear scale 

33 is corrected using the corrected position compensation coefficient ka(n), and the 

movement amount or the movement distance of the base 10 is controlled. 

[0056] Similarly to the operation described above with reference to FIGS. 4 and 5, 15 

the operation can improve the position detection precision of the bonding head 20 and the 

camera 25 and suppress mounting precision of the electronic components from reducing.  

Moreover, in the above description, the graduation numbers of the linear scale 33 when 

the base 10 is at the reference position and the stop position are detected by the bonding 

head-side encoder head 31.  However, the graduation numbers of the linear scale 33 20 

when the base 10 is at the reference position and the stop position may also be detected 

by the camera-side encoder head 32. 

[0057] Next, another operation of steps S201 and S202 in FIG. 6 is described. 

[0058] As shown in FIG. 7, the mounting device 100 of the embodiment has a first 
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reference member 61 in which a position mark Ms is arranged at the reference position 

and a second reference member 61 in which a position mark Me is arranged at the stop 

position. 

[0059] In step S201 of FIG. 6, the control unit 50 aligns the optical axis 26z of the 

camera 25 to the position of the position mark Ms of the first reference member 61, and 5 

detects the graduation number B(s) of the linear scale 33 at the reference position by the 

camera-side encoder head 32.  Next, the control unit 50 acquires an image with the 

camera 25 and moves the base 10 until the optical axis 26z of the camera 25 reaches the 

position of the position mark Me.  Then, when the optical axis 26z of the camera 25 

reaches a stop position of the position mark Me, the graduation number B(e) of the linear 10 

scale 33 is detected by the camera-side encoder head 32.  Then, from a difference = (B(e) 

- B(s)) between the graduation number of the reference position and the graduation 

number of the stop position, the control unit 50 calculates a graduation number difference 

NB = (B(e) - B(s)) of the linear scale 33 when the base 10 is moved by the reference 

distance Lr. 15 

[0060] Similarly to the above operation, after detecting the graduation number 

difference NB, the control unit 50 proceeds to step S202 in FIG. 6 and corrects the 

position compensation coefficient k(n) by the following (Equation 5). 

ka(n) = k(n) × [NB × p] / Lr] .... (Equation 5) 

[0061] As described above, similarly to the operation described above, the position 20 

detection precision of the bonding head 20 and the camera 25 can be improved, and the 

movement precision of the base 10 can be improved.  Moreover, in the above description, 

the graduation numbers of the linear scale 33 when the base 10 is at the reference position 

and the stop position are detected by the camera-side encoder head 32.  However, the 
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graduation numbers of the linear scale 33 when the base 10 is at the reference position 

and the stop position may also be detected by the bonding head-side encoder head 31. 

[0062] The present embodiment has the same effects as the above-described 

embodiment. 

[0063] In the embodiment described above, the base 10 is moved by the reference 5 

distance Lr by aligning an optical axis 25z of the camera 25 with the position marks Ms 

and Me, but the position compensation coefficient k(n) may also be corrected using the 

following method 

[0064] The base 10 is moved to a position where the position mark Ms enters the field 

of view of the camera 25, an image of the position mark Ms is captured, and a distance 10 

d1 between the optical axis 25z of the camera 25 and the position mark Ms is detected.  

In addition, the graduation number B(s) of the linear scale 33 is detected by the bonding 

head-side encoder head 31.  Next, the base 10 is moved to a position where the position 

mark Me enters the field of view of the camera 25, an image of the position mark Me is 

detected by the camera 25, and a distance d2 between the optical axis 25z of the camera 15 

25 and the position mark Me is detected.  Then, a distance that takes the distances d1 

and d2 into consideration for the reference distance Lr is acquired as an approximate 

reference distance Lr1.  In addition, the graduation number B(e) of the linear scale 33 is 

detected by the bonding head-side encoder head 31. 

[0065] Then, from the graduation number difference NB = (B(e) - B(s)) and the 20 

approximate reference distance Lr1, the position compensation coefficient k(n) is 

corrected by the following (Equation 6). 

ka(n) = k(n) × [NB × p] / Lr1] ... (Equation 6) 

[0066] Moreover, the graduation numbers B(s) and B(e) of the linear scale 33 may be 
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detected by the camera-side encoder head 32 in place of the bonding head-side encoder 

head 31. 

[0067] As described above, the mounting device 100 of the embodiment can improve 

the position detection precision of the bonding head 20 and the camera 25 and can 

improve the movement precision of the base 10 as in the above-described embodiment. 5 

[0068] In the above description, the embodiments of the present invention are 

described using the mounting device 100 as an example, but the present invention is not 

limited to flip-chip bonding devices or die bonding devices and can be applied to various 

devices.  For example, the present invention can be applied to wire bonding devices, 

industrial robots, and transport devices.  The present invention can be applied to any 10 

device without limitation on the object to be transported or mounted, the size of the object, 

and the technical field of the object. 

[Reference Signs List] 

[0069] 10   base 

 11   guide rail 15 

 12   linear motor 

 13   bonding stage 

 15   semiconductor die 

 16   substrate 

 20   bonding head 20 

 21   bonding tool 

 22z, 31a, 32a center line 

 25   camera 

 26z   optical axis 
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 31   bonding head-side encoder head 

 32   camera-side encoder head 

 33   linear scale 

 34   graduation 

 45   laser distance detector 5 

 50   control unit 

 61, 62  reference member 

 100  mounting device 
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WHAT IS CLAIMED IS: 

1. A device which linearly moves a movable body with respect to an object, 

comprising: 

the movable body which is moved linearly with respect to the object and has 

a first position and a second position apart from each other by a predetermined interval 5 

in a movement direction; 

a scale which is arranged along the movement direction of the movable body 

and in which a plurality of graduations is arranged with predetermined pitches along the 

movement direction; 

a first detection unit which is arranged in the first position of the movable body 10 

and detects a first graduation number of the scale with respect to the first position; 

a second detection unit which is arranged in the second position of the 

movable body and detects a second graduation number of the scale with respect to the 

second position; and 

a control unit which moves the movable body along the scale while 15 

sequentially detects the first graduation number and the second graduation number by the 

first detection unit and the second detection unit, and controls a movement amount of the 

movable body on a basis of a ratio of the predetermined interval with respect to a distance 

between the first graduation number and the second graduation number on the scale. 

2. The device according to claim 1, wherein 20 

the movable body is a transport mechanism which transports a semiconductor 

die to the object, 

the object is a substrate on which the semiconductor die that has been 

transported is mounted or other semiconductor die, and 
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the device is for mounting the semiconductor die on the object. 

3. The device according to claim 1 or 2, wherein 

the control unit calculates, on a basis of the ratio of the predetermined interval 

with respect to the distance between the first graduation number and the second 

graduation number on the scale, a position compensation coefficient for each 5 

predetermined number of graduations from one end of the scale. 

4. The device according to claim 1 or 2, comprising 

a distance detector for detecting a distance of the movable body from a 

reference position, wherein 

the control unit 10 

detects the distance of the movable body from the reference position by the 

distance detector while moves the movable body by a reference distance, and detects a 

graduation number difference of the scale before and after moving the movable body by 

the reference distance by the first detection unit or the second detection unit, and 

corrects the movement amount on a basis of the reference distance and the 15 

graduation number difference. 

5. The device according to claim 1, comprising: 

a reference member in which position marks are arranged apart from each 

other by a reference distance; and 

an image acquisition part which is arranged in the movable body and acquires 20 

images of the position marks, wherein 

the control unit moves the movable body by the reference distance on a basis 

of the images of the position marks acquired by the image acquisition part, detects the 

graduation number difference of the scale at a time of moving by the first detection unit 
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or the second detection unit, and 

corrects the movement amount on a basis of the reference distance and the 

graduation number difference. 

6. A method for linearly moving a movable body with respect to an object, 

comprising: 5 

linearly moving the movable body having a first position and a second position 

apart from each other by a predetermined interval in a movement direction with respect 

to the object; 

arranging a scale along the movement direction of the movable body, wherein 

a plurality of graduations is arranged with predetermined pitches along the movement 10 

direction in the scale; 

arranging a first detection unit for detecting a first graduation number of the 

scale with respect to the first position in the first position of the movable body; 

arranging a second detection unit for detecting a second graduation number of 

the scale with respect to the second position in the first position of the movable body; and 15 

moving the movable body along the scale while sequentially detecting the first 

graduation number and the second graduation number  by the first detection unit and the 

second detection unit, and controlling a movement amount of the movable body on a basis 

of a ratio of the predetermined interval with respect to a distance between the first 

graduation number and the second graduation number on the scale. 20 

7. The method according to claim 6, comprising: 

detecting a distance of the movable body from a reference position by a 

distance detector; 

detecting the distance of the movable body from the reference position by the 
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distance detector while moving the movable body by a reference distance, and detecting 

a graduation number difference of the scale before and after moving the movable body 

by the reference distance by the first detection unit or the second detection unit; and 

correcting the movement amount on a basis of the reference distance and the 

graduation number difference. 5 

8. The method according to claim 6, comprising: 

arranging position marks apart from each other by a reference distance in a 

reference member; 

arranging an image acquisition part in the movable body; 

acquiring images of the position marks by the image acquisition part, and 10 

moving the movable body by the reference distance on a basis of the acquired images of 

the position marks; 

detecting the graduation number difference of the scale when the movable 

body is moved by the reference distance by the first detection unit or the second detection 

unit; and 15 

correcting the movement amount on a basis of the reference distance and the 

graduation number difference. 


