
COUPLING MECHANISM WITH SPHERICAL BEARING, METHOD OF 

DETERMINING BEARING RADIUS OF SPHERICAL BEARING, AND 

SUBSTRATE POLISHING APPARATUS 

	

5 	 BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a coupling mechanism for coupling a rotating 

body to a drive shaft, and more particularly to a coupling mechanism for coupling a 

rotating body to a drive shaft through a spherical bearing. The present invention also 

	

10 	relates to a method of deteiiiiining a bearing radius of the spherical bearing installed in 

such a coupling mechanism, and a substrate polishing apparatus in which such a coupling 

mechanism is incorporated. 

Description of the Related Art: 

With a recent trend toward higher integration and higher density in 

15 semiconductor devices, circuit interconnects become finer and finer and the number of 

levels in multilayer interconnect is increasing. In the process of achieving the multilayer 

interconnect structure with finer interconnects, film coverage of step geometry (or step 

coverage) is lowered through thin film foimation as the number of interconnect levels 

increases, because surface steps grow while following surface irregularities on a lower 

	

20 	layer. Therefore, in order to fabricate the multilayer interconnect structure, it is 

necessary to improve the step coverage and planarize the surface in an appropriate 

process. Further, since finer optical lithography entails shallower depth of focus, it is 

necessary to planarize surfaces of semiconductor device so that irregularity steps fondled 

thereon fall within a depth of focus in optical lithography. 

	

25 	Accordingly, in a manufacturing process of the semiconductor devices, a 

planarization technique of a surface of the semiconductor device is becoming more 

important. The most important technique in this planarization technique is chemical 

mechanical polishing. This chemical mechanical polishing (which will be hereinafter 
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called CMP) is a process of polishing a substrate, such as a wafer, by placing the substrate 

in sliding contact with a polishing pad while supplying a polishing liquid containing 

abrasive grains, such as silica (Si02), onto the polishing pad. 

This chemical mechanical polishing is performed using a CMP apparatus. The 

	

5 	CMP apparatus typically includes a polishing table with a polishing pad attached to an 

upper surface thereof, and a polishing head for holding a substrate, such as a wafer. The 

polishing table and the polishing head are rotated about their own axes respectively, and 

in this state the polishing head presses the substrate against a polishing surface (i.e., an 

upper surface) of the polishing pad, while a polishing liquid is supplied onto the polishing 

	

10 	surface, to thereby polish the surface of the substrate. The polishing liquid to be used is 

typically composed of an alkali solution and fine abrasive grains, such as silica, 

suspended in the alkali solution. The substrate is polished by a combination of a 

chemical polishing action by the alkali and a mechanical polishing action by the abrasive 

grains. 

	

15 	As polishing of the substrate is perfoiiiied, the abrasive grains and polishing 

debris adhere to the polishing surface of the polishing pad. In addition, characteristics of 

the polishing pad change and its polishing perfotiiiance is lowered. As a result, as 

polishing of the substrate is repeated, a polishing rate is lowered. Thus, in order to 

restore the polishing surface of the polishing pad, a dressing apparatus is provided 

	

20 	adjacent to the polishing table. 

The dressing apparatus typically includes a dresser having a dressing surface 

which is brought into contact with the polishing pad. The dressing surface is formed by 

abrasive grains, such as diamond particles. The dressing apparatus is configured to press 

the dressing surface against the polishing surface of the polishing pad on the rotating 

25 polishing table, while rotating the dresser about its own axis, to thereby remove the 

abrasive grains and the polishing debris deposited on the polishing surface, and to 

planarize and condition (or dress) the polishing surface. 

Each of the polishing head and the dresser is a rotating body that is rotated about 
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its own axis. When the polishing pad is rotated, undulation may occur on the surface 

(i.e., the polishing surface) of the polishing pad. Thus, in order to enable the rotating 

body to follow the undulation of the polishing surface, a coupling mechanism that couples 

the rotating body to a drive shaft through a spherical bearing, is used. Since the 

	

5 	coupling mechanism allows the rotating body to be tiltably coupled to the drive shaft, the 

rotating body can follow the undulation of the polishing surface. 

Patent document 1 discloses a coupling mechanism (gimbal mechanism) for 

coupling a rotating body, such as a polishing head and a dresser, to a drive shaft, the 

coupling mechanism including an upper spherical bearing and a lower spherical bearing. 

10 The upper spherical bearing has a first concave contact surface, and a second convex 

contact surface which is in contact with the first concave contact surface. The lower 

spherical bearing has a third concave contact surface, and a fourth convex contact surface 

which is in contact with the third concave contact surface. The first concave contact 

surface and the second convex contact surface are located above the third concave contact 

	

15 	surface and the fourth convex contact surface, and the first concave contact surface, the 

second convex contact surface, the third concave contact surface, and the fourth convex 

contact surface are arranged concentrically. Specifically, the upper spherical bearing 

and the lower spherical bearing of the coupling mechanism disclosed in Patent document 

1 have different bearing radii (i.e., different radii of rotation), while having the same 

	

20 	rotational center. 

According to the coupling mechanism disclosed in Patent document 1, the upper 

spherical bearing and the lower spherical bearing can receive a force in a radial direction 

which is applied to the rotating body, and a force in an axial direction which may cause 

the rotating body to vibrate, while being able to exert a sliding force against a moment 

	

25 	which is generated around the rotating center due to a frictional force generated between 

the rotating body and the polishing pad. As a result, flutter or vibration of the rotating 

body can be effectively prevented. 

Citation List 
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Patent Literature 

(Patent document 1) 	Japanese Laid-open Patent Publication No. 2016-144860 

The force in the radial direction which is applied to the upper spherical bearing 

and the lower spherical bearing having the same rotational center CP is a frictional force 

	

5 	that is generated between the rotating body and the polishing pad. For example, the 

force in the radial direction which is, during dressing, applied to the upper spherical 

bearing and the lower spherical bearing is a frictional force that is generated between the 

dresser and the polishing pad. In this specification, the frictional force generated 

between the rotating body and the polishing pad is referred to as "a rotating-body 

	

10 	frictional force". 

The present inventors investigated intensively a structure of the aforementioned 

coupling mechanism, and have found that the rotating-body frictional force causes a 

frictional force to be particularly generated between the third concave contact surface and 

the fourth convex contact surface. Further, it has been found that the rotating-body 

	

15 	frictional force causes a frictional force to be generated between the first concave contact 

surface and the second convex contact surface depending on a magnitude of the rotating-

body frictional force and a magnitude of a bearing radius of the lower spherical bearing. 

In this specification, the frictional force that is generated between the third concave 

contact surface and the fourth convex contact surface of the lower spherical bearing due 

	

20 	to the rotating-body frictional force is referred to as "a lower-bearing frictional force". 

Similarly, the frictional force that is generated between the first concave contact surface 

and the second convex contact surface of the upper spherical bearing due to the rotating-

body frictional force is referred to as "an upper-bearing frictional force". 

Each of the lower-bearing frictional force and the upper-bearing frictional force 

	

25 	causes a torque attempting to rotate the rotating body around the rotational center CP to 

be generated. In this specification, the torque generated in the rotating body due to the 

lower-bearing frictional force is referred to as "a lower-bearing friction torque", and the 

torque generated in the rotating body due to the upper-bearing frictional force is referred 
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to as "an upper-bearing friction toque". As the lower-bearing friction torque and the 

upper-bearing friction toque are increased, a peripheral portion of the rotating body may 

be caught with the polishing pad, thereby causing vibration to occur in the rotating body. 

In particular, as a pressing force for pressing the rotating body against the polishing pad is 

	

5 	increased, the lower-bearing friction torque and the upper-bearing friction toque are 

increased, so that possibility that the vibration occurs in the rotating body is increased. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a coupling mechanism 

	

10 	capable of preventing vibration of a rotating body from occurring particularly due to a 

lower-bearing friction torque. Further, it is also an object of the present invention to 

provide a method of determining a bearing radius of a spherical bearing provided in such 

a coupling mechanism. Further, it is also an object of the present invention to provide a 

polishing apparatus in which such a coupling mechanism is incorporated. 

	

15 	In an embodiment, there is provided a coupling mechanism for tiltably coupling 

a rotating body to be pressed against a polishing pad to a drive shaft, comprising: an 

upper spherical bearing and a lower spherical bearing disposed between the drive shaft 

and the rotating body, wherein the upper spherical bearing has a first concave contact 

surface and a second convex contact surface which is in contact with the first concave 

20 contact surface, the lower spherical bearing has a third concave contact surface and a 

fourth convex contact surface which is in contact with the third concave contact surface, 

the first concave contact surface and the second convex contact surface are located above 

the third concave contact surface and the fourth convex contact surface, the first concave 

contact surface, the second convex contact surface, the third concave contact surface, and 

	

25 	the fourth convex contact surface are arranged concentrically, a lower-bearing radius of 

the lower spherical bearing is determined so that a lower-restoring torque is equal to or 

less than 0, and the lower-restoring torque is the sum of a rotating-body friction torque 

generated in the rotating body due to a rotating-body frictional force between the 
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polishing pad and the rotating body, and a lower-bearing friction torque generated in the 

rotating body due to a frictional force between the third concave contact surface and the 

fourth convex contact surface. 

The lower-restoring torque is a tilting torque that tilts the rotating body about the 

	

5 	rotational center to thereby attempt to press the rotating body against the polishing pad. 

In this specification, a polar coordinate system with its origin located on the rotational 

center is set. In this polar coordinate system, it is defined that, when the polishing pad 

moves at a velocity (+V) from a right side to a left side, a tilting torque that attempts to 

rotate the rotating body in a clockwise direction takes positive numbers, and a tilting 

10 torque that attempts to rotate the rotating body in a counterclockwise direction takes 

negative numbers. In such a polar coordinate system, when the lower-restoring torque is 

equal to or less than 0, the rotating body attempts to tilt in a moving direction of the 

polishing pad, while the polishing pad travels away from the peripheral potion (i.e., edge 

portion) of the rotating body. Accordingly, a state in which the peripheral portion of the 

	

15 	rotating body sinks into the polishing pad is not induced, so that an attitude of the rotating 

body becomes stable. In contrast, when the lower-restoring torque is larger than 0, the 

rotating body attempts to tilt in a direction opposite to the moving direction of the 

polishing pad. Accordingly, the peripheral portion of the rotating body tends to sink into 

the polishing pad, so that the attitude of the rotating body becomes unstable. 

	

20 	If it is defined in the polar coordinate system that, when the polishing pad moves 

at a velocity (+V) from a right side to a left side, the tilting torque that attempts to rotate 

the rotating body in a clockwise direction takes negative numbers, and the tilting torque 

that attempts to rotate the rotating body in a counterclockwise direction takes negative 

numbers, the aforementioned condition "the lower-restoring torque is equal to or less than 

	

25 	0" is replaced with a condition "the lower-restoring torque is equal to or more than 0". 

In an embodiment, an upper-bearing radius of the upper spherical bearing is 

determined so that an upper-restoring torque is equal to or less than 0, and the upper-

restoring torque is the sum of the rotating-body friction torque and an upper-bearing 

6 



friction torque generated in the rotating body due to a frictional force between the first 

concave contact surface and the second convex contact surface. 

In an embodiment, there is provided a method of determining a bearing radius of 

a coupling mechanism including an upper spherical bearing having a first concave contact 

	

5 	surface and a second convex contact surface which is in contact with the first concave 

contact surface, and a lower spherical bearing having a third concave contact surface and 

a fourth convex contact surface which is in contact with the third concave contact surface, 

the upper spherical bearing and the lower spherical bearing having a same rotational 

center, comprising: determining a lower-bearing radius of the lower spherical bearing so 

	

10 	that the a lower-restoring torque is equal to or less than 0, wherein the lower-restoring 

torque is the sum of a rotating-body friction torque generated in the rotating body due to a 

rotating-body frictional force between the polishing pad and the rotating body, and a 

lower-bearing friction torque generated in the rotating body due to a frictional force 

between the third concave contact surface and the fourth convex contact surface. 

	

15 	In an embodiment, an upper-bearing radius of the upper spherical bearing is 

determined so that an upper-restoring torque is equal to or less than 0, and the upper-

restoring torque is the sum of the rotating-body friction torque and an upper-bearing 

friction torque generated in the rotating body due to a frictional force between the first 

concave contact surface and the second convex contact surface. 

	

20 	In an embodiment, there is provided a substrate polishing apparatus comprising; 

a polishing table for supporting a polishing pad; and a polishing head configured to press 

a substrate against the polishing pad, wherein the polishing head is coupled to a drive 

shaft through the above-described coupling mechanism. 

In an embodiment, there is provided a substrate polishing apparatus comprising: 

	

25 	a polishing table for supporting a polishing pad; a polishing head configured to press a 

substrate against the polishing pad; and a dresser which is pressed against the polishing 

pad, wherein the dresser is coupled to a drive shaft through the above-described coupling 

mechanism. 
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According to the present invention, the radius of the lower spherical bearing is 

determined so that the lower-bearing friction torque generated in the rotating body due to 

the lower-bearing frictional force is cancelled by the rotating-body friction torque 

generated in the rotating body due to the rotating-body frictional force. As a result, 

	

5 	occurrence of the vibration of the rotating body can be effectively prevented, because 

turning of the rotating body, caused by the lower-bearing friction torque, around the 

rotational center can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

	

10 	FIG. 1 is a perspective view schematically showing a substrate polishing 

apparatus according to an embodiment; 

FIG.2 is a schematic cross-sectional view showing a dresser which is supported 

by a coupling mechanism according to an embodiment; 

FIG. 3 is an enlarged view of the coupling mechanism shown in FIG. 2; 

	

15 	FIG.4 is a schematic view illustrating a force in a radial direction which is 

applied to the dresser, a rotating-body friction torque, a frictional force generated in a 

lower spherical bearing, and a lower-bearing friction torque; 

FIGS. 5A through 5C are graphs each showing simulation results for 

determining a lower-bearing radius; 

	

20 	FIGS. 6A through 6C are graphs each showing simulation results for an upper 

spherical bearing, which were performed under the same simulation conditions as those of 

the simulations whose results are shown in the FIGS. 5A through 5C; 

FIGS. 7A through 7C are graphs each showing another simulation results for 

determining the lower-bearing radius; 

	

25 	FIGS. 8A through 8C are graphs each showing simulation results for 

determining an upper-bearing radius, which were performed under the same simulation 

conditions as those of the simulations whose results are shown in FIGS. 7A through 7C; 

FIGS. 9A through 9C are graphs each showing explicitly the lower-bearing 
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radius at which the lower-restoring torque is 0 in the graphs shown in FIGS. 7A through 

7C; 

FIGS. 10A through 10C are graphs each showing explicitly the upper-bearing 

radius when the lower-bearing radius is 24 mm in the graphs shown in FIGS. 8A through 

5 8C; 

FIGS. 11A through 11C are graphs each showing simulation results which were, 

except that the lower-bearing coefficient of friction COF2 was set to 0.1, perfoiiiied under 

the same simulation conditions as those of simulations whose results are shown in FIGS. 

9A through 9C; 

10 	FIGS. 12A through 12C are graphs each showing simulation results which were 

perfolined under the same simulation conditions as those of the simulations whose results 

are shown in FIGS. 11A through 11C; 

FIG. 13 is a schematic view showing a manner where the dresser is coupled to 

the dresser shaft through the coupling mechanism in which the lower-bearing radius is set 

15 	to 24 mm, and the upper-bearing radius is set to 28 mm; and 

FIG. 14 is an enlarged view of the coupling mechanism shown in FIG. 13. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiments according to the present invention will be described below with 

20 	reference to the drawings. 

FIG. 1 is a perspective view schematically showing a substrate polishing 

apparatus 1 according to an embodiment. This substrate polishing apparatus 1 includes 

a polishing table 3 to which a polishing pad 10, having a polishing surface 10a, is 

attached, a polishing head 5 for holding a substrate W, such as a wafer, and pressing the 

25 	substrate W against the polishing pad 10 on the polishing table 3, a polishing liquid 

supply nozzle 6 for supplying a polishing liquid and a dressing liquid (e.g., pure water) 

onto the polishing pad 10, and a dressing apparatus 2 having a dresser 7 for dressing the 

polishing surface 10a of the polishing pad 10. 
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The polishing table 3 is coupled to a table motor 11 through a table shaft 3a, so 

that the polishing table 3 is rotated by this table motor 11 in a direction indicated by arrow. 

The table motor 11 is located below the polishing table 3. The polishing pad 10 is 

attached to an upper surface of the polishing table 3. The polishing pad 10 has an upper 

	

5 	surface, which provides the polishing surface 10a for polishing the wafer. The polishing 

head 5 is coupled to a lower end of a head shaft 14. The polishing head 5 is configured 

to be able to hold the wafer on its lower surface by vacuum suction. The head shaft 14 

is elevated and lowered by an elevating mechanism (not shown). 

Polishing of the wafer W is perfoiiiied as follows. The polishing head 5 and the 

	

10 	polishing table 3 are rotated in directions as indicated by arrows, respectively, and the 

polishing liquid (or slurry) is supplied onto the polishing pad 10 from the polishing liquid 

supply nozzle 6. In this state, the polishing head 5 presses the wafer W against the 

polishing surface 10a of the polishing pad 10. The surface of the wafer W is polished by 

a mechanical action of abrasive grains contained in the polishing liquid and a chemical 

	

15 	action of the polishing liquid. After polishing of the wafer W, dressing (or conditioning) 

of the polishing surface 10a is perfonned by the dresser 7. 

The dressing apparatus 2 includes the dresser 7 which is brought into sliding 

contact with the polishing pad 10, a dresser shaft 23 to which the dresser 7 is coupled, a 

pneumatic cylinder 24 mounted to an upper end of the dresser shaft 23, and a dresser arm 

	

20 	27 for rotatably supporting the dresser shaft 23. A lower surface of the dresser 7 serves 

as a dressing surface 7a, and this dressing surface 7a is formed by abrasive grains (e.g., 

diamond particles). The pneumatic cylinder 24 is disposed on a support base 20 which 

is supported by a plurality of columns 25, which are fixed to the dresser arm 27. 

The dresser aim 27 is actuated by a motor (not shown) to pivot on a pivot shaft 

	

25 	28. The dresser shaft 23 is rotated about its own axis by an actuation of a motor (not 

shown), thus rotating the dresser 7 about the dresser shaft 23 in a direction indicated by 

arrow. The pneumatic cylinder 24 serves as an actuator for moving the dresser 7 

vertically through the dresser shaft 23 and for pressing the dresser 7 against the polishing 

10 



surface (front surface) 10a of the polishing pad 10 at a predetermined pressing force. 

Dressing of the polishing pad 10 is performed as follows. The pure water is 

supplied from the polishing liquid supplying nozzle 6 onto the polishing pad 10, while the 

dresser 7 is rotated about the dresser shaft 23. In this state, the dresser 7 is pressed 

	

5 	against the polishing pad 10 by the pneumatic cylinder 24 to place the dressing surface 7a 

in sliding contact with the polishing surface 10a of the polishing pad 10. Further, the 

dresser arm 27 pivots around the pivot shaft 28 to cause the dresser 7 to oscillate in a 

radial direction of the polishing pad 10. In this manner, the dresser 7 scrapes the 

polishing pad 10 to thereby dress (or restore) the surface 10a of the polishing pad 10. 

	

10 	The aforementioned head shaft 14 is a drive shaft which is rotatable and 

vertically movable, and the aforementioned polishing head 5 is a rotating body which 

rotates about its own axis. Similarly, the aforementioned dresser shaft 23 is a drive shaft 

which is rotatable and vertically movable, and the aforementioned dresser 7 is a rotating 

body which rotates about its own axis. These rotating bodies 5, 7 are coupled to the 

	

15 	drive shafts 14, 23 through coupling mechanisms, respectively, which will be described 

below, so as to be tiltable with respect to the drive shafts 14, 23. 

FIG. 2 is a schematic cross-sectional view showing the dresser (rotating body) 7 

which is supported by the coupling mechanism according to an embodiment. As shown 

in FIG. 2, the dresser 7 of the dressing apparatus 2 includes a circular disk holder 30, and 

	

20 	an annular dresser disk 31 which is fixed to a lower surface of the disk holder 30. The 

disk holder 30 is composed of a holder body 32 and a sleeve 35. A lower surface of the 

dresser disk 31 serves as the aforementioned dressing surface 7a. 

A hole 33 is formed in the holder body 32 of the disk holder 30, and a central 

axis of this hole 33 is aligned with a central axis of the dresser 7 which is rotated by the 

	

25 	dresser shaft (drive shaft) 23. The hole 33 extends in a vertical direction through the 

holder body 32. 

The sleeve 35 is fitted into the hole 33 of the holder body 32. A sleeve flange 

35a is formed at an upper portion of the sleeve 35, and this sleeve flange 35a has a lower 
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surface which is in contact with an upper surface of the holder body 32. In this state, the 

sleeve 35 is fixedly mounted to the holder body 32 by a fixing member (not shown), such 

as a screw. The sleeve 35 has an insertion recess 35b which opens upwardly. An 

upper spherical bearing 52 and a lower spherical bearing 55 of a coupling mechanism 

	

5 	(gimbal mechanism) 50, which will be described later, are disposed in the insertion recess 

3 5b. 

As shown in FIG. 2, an annular upper flange 81, an annular lower flange 82, a 

plurality of torque transmission pins 84, and a plurality of spring mechanisms 85 are 

provided for tiltalby coupling the dresser 7 to the dresser shaft 23. In this embodiment, 

	

10 	the upper flange 81 has a diameter which is smaller than a diameter of the lower flange 82. 

The upper flange 81 is fixed to the dresser shaft 23. A small clearance is fotined 

between the upper flange 81 and the lower flange 82. The upper flange 81 and the lower 

flange 82 may be made of metal, such as stainless steel. 

The lower flange 82 is secured to the upper surface of the sleeve 35 of the 

	

15 	dresser 7, and is coupled to the dresser 7. Further, the upper flange 81 and the lower 

flange 82 are coupled to each other through the plurality of torque transmission pins 

(torque transmission members) 84. These torque transmission pins 84 are arranged 

around the upper flange 81 and the lower flange 82 (i.e., around the central axis of the 

dresser shaft 23) at equal intervals. The torque transmission pins 84 transmit the torque 

	

20 	of the dresser shaft 23 to the dresser 7, while permitting the tiling movement of the 

dresser 7 with respect to the dresser shaft 23. 

Each torque transmission pin 84 has a spherical sliding surface. This sliding 

surface loosely engages with a receiving hole founed in the upper flange 81. A slight 

clearance is fowled between the sliding surface of the torque transmission pin 84 and the 

	

25 	receiving hole of the upper flange 81. When the lower flange 82 and the dresser 7, 

coupled to the lower flange 82, tilt with respect to the upper flange 81 through the upper 

spherical bearing 52 and the lower spherical bearing 55, which will be described latter, 

the torque transmission pins 84 also tilt together with the lower flange 82 and the dresser 
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7, while maintaining the engagement with the upper flange 81. 

The torque transmission pins 84 transmit the torque of the dresser shaft 23 to the 

lower flange 82 and the dresser 7. With the above-described configurations, the dresser 

7 and the lower flange 82 are tiltable around a rotational center CP of the upper spherical 

	

5 	bearing 52 and the lower spherical bearing 55, and the torque of the dresser shaft 23 can 

be transmitted to the dresser 7 through the torque transmission pins 84 without restricting 

the tilting motion. 

Further, the upper flange 81 and the lower flange 82 are coupled to each other by 

the plurality of spring mechanisms 85. These spring mechanisms 85 are arranged 

	

10 	around the upper flange 81 and the lower flange 82 (i.e., around the central axis of the 

dresser shaft 23) at equal intervals. Each spring mechanism 85 has a rod 85a which is 

secured to the lower flange 82 and extends through the upper flange 81, and a spring 85b 

which is disposed between an upper surface of the upper flange 81 and a flange portion 

formed at an upper end of the rod 85a. The spring mechanisms 85 generate a force 

	

15 	against the tilting motions of the dresser 7 and the lower flange 82 to recover the dresser 7 

to its original position (attitude). 

In the embodiment shown in FIG. 2, the tilting stiffness, when the dresser 7 and 

the lower flange 82 tilts around the rotational center CP, can be changed depending on a 

spring constant of the spring 85b, because the torque transmission pins 84 transmit the 

	

20 	torque of the dresser shaft 23 to the dresser 7. Therefore, the tilting stiffness around the 

rotational center CP can be set arbitrarily, and as a result, the tilting stiffness around the 

rotational center CP can be lowered. 

In order to enable the dresser 7 to follow an undulation of the polishing surface 

10a of the rotating polishing pad 10, the disk holder 30 of the dresser (rotating body) 7 is 

25 coupled to the dresser shaft (drive shaft) 23 through the coupling mechanism (gimbal 

mechanism) 50. The coupling mechanism 50 will be described below. 

FIG. 3 is an enlarged view of the coupling mechanism 50 shown in FIG. 2. The 

coupling mechanism 50 includes the upper spherical bearing 52 and the lower spherical 
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bearing 55 which are separated from each other in a vertical direction. The upper 

spherical bearing 52 has a first concave contact surface, and a second convex contact 

surface which is in contact with the first concave contact surface. The lower spherical 

bearing 55 has a third concave contact surface, and a fourth convex contact surface which 

	

5 	is in contact with the third concave contact surface. These upper spherical bearing 52 

and lower spherical bearing 55 are disposed between the dresser shaft 23 and the dresser 7. 

In the coupling mechanism shown in FIG. 3, the upper spherical bearing 52 is 

composed of an annular first sliding-contact member 53 having the first concave contact 

surface, and a second sliding-contact member 54 having the second convex contact 

	

10 	surface. In this embodiment, a lower surface 53a of the first sliding-contact member 53 

serves as the first concave contact surface, and an upper surface 54a of the second sliding-

contact member 54 serves as the second convex contact surface. Hereinafter, the lower 

surface 53a of the first sliding-contact member 53 will occasionally be referred to as "the 

first concave contact surface 53a", and the upper surface 54a of the second sliding-contact 

	

15 	member 54 will occasionally be referred to as "the second convex contact surface 54a". 

Each of the first concave contact surface 53a of the first sliding-contact member 

53 and the second convex contact surface 54a of the second sliding-contact member 54 

has a shape of a part of an upper half of a spherical surface having a first radius of 

rotation R1. Accordingly, these two first concave contact surface 53a and second 

	

20 	convex contact surface 54a have the same radius of curvature (which is equal to the 

aforementioned first radius of rotation R1), and slidably engage with one another. In 

this specification, the first radius of rotation R1 will be occasionally referred to as "an 

upper-bearing radius R1". 

Further, in the coupling mechanism 50 shown in FIG. 3, the lower spherical 

	

25 	bearing 55 is composed of the second sliding-contact member 54 having the third concave 

contact surface, and a third sliding-contact member 56 having the fourth convex contact 

surface. In this embodiment, a lower surface 54b of the second sliding-contact member 

54 serves as the third concave contact surface, and an upper surface 56a of the third 
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sliding-contact surface 56 serves as the fourth convex contact surface. Hereinafter, the 

lower surface 54b of the second sliding-contact member 54 will be occasionally referred 

to as "the third concave contact surface 54b", and the upper surface 56a of the third 

sliding-contact member 56 will be occasionally referred to as "the fourth convex contact 

	

5 	surface 56a". 

Each of the third concave contact surface 54b of the second sliding-contact 

member 54 and the fourth convex contact surface 56a of the third sliding-contact member 

56 has a shape of a part of an upper half of a spherical surface having a second radius of 

rotation R2 which is smaller than the aforementioned first radius of rotation R1. Thus, 

	

10 	these two third concave contact surface 54b and fourth convex contact surface 56a have 

the same radius of curvature (which is equal to the aforementioned second radius of 

rotation R2), and slidably engage with one another. In this specification, the second 

radius of rotation R2 will be occasionally referred to as "a lower-bearing radius R2". 

The pressing force generated by the pneumatic cylinder 24 (see FIG. 1) is transmitted to 

	

15 	the dresser 7 through the dresser shaft 23 and the lower spherical bearing 55. 

In this embodiment, the second convex contact surface of the upper spherical 

bearing 52 and the third concave contact surface of the lower spherical bearing 55 is 

formed by the upper surface 54a and lower surface 54b of the second sliding-contact 

member 54, respectively. Specifically, the second sliding-contact member 54 is a 

	

20 	component of the upper spherical bearing 52, while being also a component of the lower 

spherical bearing 55. Although not shown, the second sliding-contact member 54 may 

be divided into two portions in a vertical direction. In this case, an upper portion of the 

second sliding-contact member 54 serves as a part of the upper spherical bearing 52 

having the second convex contact surface 54a, and a lower portion of the second sliding- 

	

25 	contact member 54 serves as a part of the lower spherical bearing 55 having the third 

concave contact surface 54b. 

Further, in this embodiment, the third sliding-contact member 56 is provided on 

a bottom surface of the sleeve 35 of the dresser 7, and the third sliding-contact member 56 
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is integral with the sleeve 35. In an embodiment, the third sliding-contact member 56 

may be constituted as another member that is different from the sleeve 35. 

The second sliding-contact member 54 is fixed to the dresser shaft 23. More 

specifically, a lower end of the dresser shaft 23 is inserted into the second sliding-contact 

	

5 	member 54, and further the second sliding-contact member 54 is fitted to the lower end of 

the dresser shaft 23 by a fixing member 58. The first sliding-contact member 53 is 

inserted into the insertion recess 35b of the sleeve 35, and is further sandwiched between 

the annular lower flange 82 and the second sliding-contact member 54. When the 

second sliding-contact member 54 is fixed to the dresser shaft 23 the fixing member 58, 

	

10 	the first sliding-contact member 53 is pressed against the lower flange 82. 

Further, the sleeve 35 is fixed to the holder body 32 by fixing members (not 

shown), such as screws, so that the fourth convex contact surface 56a of the third sliding-

contact member 56 is pressed against the third concave contact surface 54b of the second 

sliding-contact member 54. In this manner, the upper spherical bearing 52 and the lower 

	

15 	spherical bearing 55 are fotined. The upper spherical bearing 52 and the lower spherical 

bearing 55 are disposed in the insertion recess 35b of the sleeve 35 which is inserted and 

fitted into the hole 33 formed in the holder body 32. Wear particles, which are produced 

from the upper spherical bearing 52 and the lower spherical bearing 55, are received by 

the sleeve 35. Therefore, the sleeve 35 can prevent the wear particles from falling down 

	

20 	onto the polishing pad 10. 

The upper spherical bearing 52 and the lower spherical bearing 55 have different 

bearing radii (i.e., radii of rotation), while having the same rotational center CP. More 

specifically, the first concave contact surface 53a, the second convex contact surface 54a, 

the third concave contact surface 54b, and the fourth convex contact surface 56a are 

	

25 	concentric, and their centers of curvature coincide with the rotational center CP. This 

rotational center CP is located below the first concave contact surface 53a, the second 

convex contact surface 54a, the third concave contact surface 54b, and the fourth convex 

contact surface 56a. By appropriately selecting the radii of curvature of the first concave 
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contact surface 53a, the second convex contact surface 54a, the third concave contact 

surface 54b, and the fourth convex contact surface 56a which have the same rotational 

center CP, a distance h from a bottom end surface of the dresser 7 to the rotational center 

CP can be changed. More specifically, by appropriately selecting the upper-bearing 

	

5 	radius R1 of the upper spherical bearing 52 and the lower-bearing radius R2 of the lower 

spherical bearing 55, the distance h from the bottom end surface of the dresser 7 to the 

rotational center CP can be changed. In this specification, the distance h from the 

bottom end surface of the dresser 7 to the rotational center CP is referred to as "a gimbal-

axis height h". The gimbal-axis height h takes positive numbers when the rotational 

	

10 	center CP is located below the bottom end surface of the dresser 7, and takes negative 

numbers when the rotational center CP is located above the bottom end surface of the 

dresser 7. In a case where the rotational center CP is located on the bottom end surface 

of the dresser 7, the gimbal-axis height h is 0. 

The first concave contact surface 53a and the second convex contact surface 54a 

	

15 	of the upper spherical bearing 52 is located above the third concave contact surface 54b 

and the fourth convex contact surface 56a of the lower spherical bearing 55. The dresser 

7 is tiltably coupled to the dresser shaft 23 through the two spherical bearings, i.e., the 

upper spherical bearing 52 and the lower spherical bearing 55. Since the upper spherical 

bearing 52 and the lower spherical bearing 55 have the same rotational center CP, the 

	

20 	dresser 7 can flexibly tilt in response to the undulation of the polishing surface 10a of the 

rotating polishing pad 10. 

When the dresser 7 is elevated, the dresser 7 is supported by the upper spherical 

bearing 52. As a result, a dressing load on the polishing surface 10a can be finely 

controlled in a load range which is smaller than the gravity of dresser 7. Therefore, a 

	

25 	fine dressing control can be perfoinied. 

The upper spherical bearing 52 and the lower spherical bearing 55 can receive a 

force in a radial direction which is applied to the dresser 7, while the spherical bearings 

52, 55 can continuously receive a force in an axial direction (i.e., in a direction 
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perpendicular to the radial direction) which is applied to the dresser 7. As described 

above, the pressing force (i.e., the force in the axial direction) generated by the pneumatic 

cylinder 24 (see FIG. 1) is transmitted to the dresser 7 through the dresser shaft 23 and the 

lower spherical bearing 55. Hereinafter, the force in the radial direction which is applied 

	

5 	to the dresser (rotating body) 7, a rotating-body friction torque generated in the rotating 

body due to a frictional force between the dresser and the polishing pad, a frictional force 

generated in the lower spherical bearing 55 by the force in the radial direction, and a 

lower-bearing friction torque generated in the rotating body due to the frictional force 

generated in the lower spherical bearing 55 will be described. 

	

10 	FIG. 4 is a schematic view illustrating the force in the radial direction which is 

applied to the dresser (rotating body) 7, the rotating-body friction torque, the frictional 

force generated in the lower spherical bearing 55, and the lower-bearing friction torque. 

In FIG.4, a movement direction (rotation direction) of the polishing pad 10 relative to the 

dresser 7 is illustrated by arrow V. Further, as shown in FIG. 4, the dresser 7 is pressed 

	

15 	against the polishing pad 10 at a predetermined pressing force DF. 

As shown in FIG.4, when the dresser 7 is pressed against the polishing pad 10 at 

the predeteiniined pressing force DF by the pneumatic cylinder 24 (see FIG. 1), a 

rotating-body frictional force Fxy, which is a force in the radial direction, is generated 

between the dresser 7 and the polishing pad 10. This rotating-body frictional force Fxy 

20 is obtained by multiplying the pressing force DF by a coefficient of friction COF1 

between the dresser 7 and the polishing pad 10 (i.e., Fxy = DF.00F1). The coefficient 

of friction COF1 may be estimated based on experiences of designer of the coupling 

mechanism 50, or may be obtained from experiments and the like. In an embodiment, a 

measuring device capable of measuring the coefficient of friction COF1 may be made, 

	

25 	and the coefficient of friction COF1 may be practically measured by using this measuring 

device. 

In this embodiment, since the rotational center CP is located below the lower end 

surface of the dresser 7, the rotating-body frictional force Fxy causes a rotating-body 
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friction torque T1, which attempts to rotate the dresser 7 in the moving direction of the 

polishing pad 10 and around the rotational center CP, to be generated. The rotating-

body friction torque Ti is obtained by multiplying the rotating-body frictional force Fxy 

by the gimbal-axis height h (see FIG. 3) (i.e., T1 = Fxy•h). 

	

5 	Further, since the pressing force DF is transmitted to the dresser 7 through the 

dresser shaft 23 and the lower spherical bearing 55, the rotating-body frictional force Fxy 

is applied to the lower spherical bearing 55. The present inventors have found by 

intensive studies that the rotating-body frictional force Fxy is mainly applied to an outer 

end (or near an outer end) of the lower spherical bearing 55. In view of this, in this 

	

10 	embodiment, a point of application OP at which the rotating-body frictional force Fxy is 

applied to the lower spherical bearing 55 is set near the outer end of the lower spherical 

bearing 55. 

As shown in FIG. 4, on the point of application OP, the fourth convex contact 

surface 56a is pressed against the third concave contact surface 54b at the rotating-body 

	

15 	friction force Fxy in a horizontal direction, so that a reaction force N•sin(a), which is 

proportion to the rotating-body friction force Fxy, is generated on the third concave 

contact surface 54b. The symbol "a" represents an angle folined between a tangential 

line TL to the third concave contact surface 54b at the point of application OP, and the 

rotating-body friction force Fxy. Hereinafter, the angle a will be referred to as "a 

	

20 	contact angle a". In the coupling mechanism 50 shown in FIG.4, the contact angle a is 

45 degrees. 

As shown in FIG. 4, a lower-bearing surface force N is a force capable of being 

decomposed into the reaction force N•sin(a), and N•cos(a) that is a force component 

perpendicular to the reaction force N•sin(a). In other words, the lower-bearing surface 

	

25 	force N has the reaction force N•sin(a) as a force component in the horizontal direction, 

and has the N•cos(a) as a force component in the vertical direction. 

The lower-bearing surface force N generated in the lower spherical bearing 55 

causes a lower-bearing frictional force Fl to be generated between the third concave 
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contact surface 54b and the fourth convex contact surface 56a. As a result, in the dresser 

7, a lower-bearing friction torque T2 due to the lower-bearing frictional force Fl is 

generated. The lower-bearing frictional force F 1 is a force applied in the tangential 

direction TL at the point of application OP, and a magnitude of the lower-bearing 

5 frictional force Fl is obtained by multiplying the lower-bearing surface force N by a 

coefficient of friction COF2 between the third concave contact surface 54b and the fourth 

convex contact surface 56b (i.e., Fl = N.00F2). This coefficient of friction COF2 may 

be estimated based on experiences of designer of the coupling mechanism 50, or may be 

obtained from experiments and the like. In an embodiment, a measuring device capable 

10 	of measuring the coefficient of friction COF2 may be made, and the coefficient of friction 

COF2 may be practically measured by using this measuring device. 

The lower-bearing frictional force F1 causes a lower-bearing friction torque T2, 

which attempts to rotate the dresser 7 around the rotational center CP and in a direction 

opposite to the rotating-body friction torque T1, to be generated. The lower-bearing 

15 	friction torque T2 is obtained by multiplying the lower-bearing frictional force F 1 by the 

lower-bearing radius R2 (i.e., T2 = Fl.R2). 

In this specification, the polar coordinate system with its origin located on the 

rotational center CP is set. In this polar coordinate system, it is defined that, when the 

polishing pad 10 moves at a velocity (+V) from a right side to a left side relative to the 

20 	dresser 7 (see FIG. 4), the lower-bearing friction torque T2 that attempts to rotate the 

dresser 7 in a clockwise direction takes positive numbers, and the rotating-body friction 

torque T1 that attempts to rotate the dresser 7 in a counterclockwise direction takes 

negative numbers. 

As described above, in a case where the rotational center CP is located below the 

25 	lower end surface of the dresser 7, the dresser 7 attempts to rotate toward the polishing 

pad 10 due to the rotating-body friction torque Ti. When the dresser 7 is pressed against 

the polishing pad 10 at the pressing force DF, the rotating-body frictional force Fxy is 

necessarily generated, and thus, the rotating-body friction torque T1 is a torque that is 
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necessarily generated during the dressing process. Further, the magnitude of the 

rotating-body friction torque Ti is changed depending on a magnitude of the pressing 

force DF, and a magnitude of the gimbal-axis height h. On the other hand, the lower-

bearing friction torque T2 is a torque that is generated due to the rotating-body frictional 

	

5 	force Fxy, and a magnitude of the lower-bearing friction torque T2 is changed depending 

on a magnitude of the rotating-body frictional force Fxy and a magnitude of the lower-

bearing radius R2. The present inventors investigated intensively the coupling 

mechanism 50, and have found that, depending on the magnitude of the lower-bearing 

friction torque T2, the peripheral potion of the dresser 7 may be caught with the polishing 

	

10 	pad 10 during the dressing process to thereby generate vibration in the dresser 7. If the 

vibration occurs in the dresser 7 during the dressing process, the polishing surface 10a of 

the polishing pad 10 cannot be appropriate dressed. 

As described with reference to FIG.4, the lower-bearing friction torque T2 is 

applied to the dresser 7 in the direction opposite to the rotating-body friction torque T1. 

	

15 	In view of this, in this embodiment, the lower-bearing friction torque T2 is cancelled by 

the rotating-body friction torque T1 to thereby prevent the vibration from occuiiing in the 

dresser (rotating body) 7. The present inventors have been found that a stability 

condition expression for preventing the vibration of the dresser 7 caused by the lower-

bearing friction torque T2 is represented by a following expression (1). 

	

20 	The lower-restoring torque TR1 < 0 •••(1) 

The lower- restoring torque TR1 is the sum of the rotating-body friction torque 

T1 and the lower-bearing friction torque T2 in the polar coordinate system with its origin 

located on the rotational center CP (i.e., TR1 = T1+T2). 

The lower-restoring torque TR1 is a tilting torque that attempts to tilt the dresser 

	

25 	7 around the rotational center CP to thereby press the dresser 7 against the polishing pad 

10. 	In the above-described polar coordinate system, the lower-bearing friction torque T2 

takes positive numbers, and the rotating-body friction torque T1 takes negative numbers. 

In such a polar coordinate system, when the lower-restoring torque TR1 is larger than 0, 
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the dresser 7 attempts to tilt in a direction opposite to the moving direction of the 

polishing pad 10. Accordingly, the peripheral portion of the dresser 7 tends to sink into 

the polishing pad 10, and thus, an attitude of the dresser 7 becomes unstable. As a result, 

the vibration may occur in the dresser 7. In contrast, when the lower-restoring torque 

	

5 	TR1 is equal to or less than 0, the dresser 7 attempts to tilt toward the moving direction of 

the polishing pad 10, while the polishing pad 10 goes away from the peripheral portion of 

the dresser 7. Therefore, a state in which the peripheral portion of the dresser 7 sinks 

into the polishing pad 10 is not induced, so that the attitude of the dresser 7 becomes 

stable. As a result, the vibration of the dresser 7 can be prevented. 

	

10 	Unlike such a polar coordinate system, if assuming a polar coordinate system in 

which, when the polishing pad 10 moves from right side to left side at a speed (+V), the 

lower-bearing friction torque T2 takes negative numbers and the rotating-body friction 

torque T1 takes positive numbers, it should be noted that the direction of the inequality 

sign in the above-described stability condition expression (1) is reversed (i.e., The lower- 

	

15 	restoring torque TR1 > 0). 

As described above, the magnitude of the rotating-body friction torque Ti 

changes depending on the gimbal-axis height h that is a distance from the lower end 

surface of the dresser 7 to the rotational center CP. On the other hand, the lower-bearing 

friction torque T2 changes depending on the lower-bearing radius R2 that is a distance 

	

20 	between the third concave contact surface 54b and the fourth convex contact surface 56a, 

and the rotational center CP. Therefore, in this embodiment, the lower-bearing radius 

R2 that can satisfy the stability condition expression (1) is determined to thereby prevent 

the vibration of the dresser 7 caused by the lower-bearing friction torque T2. 

Hereinafter, an example of simulations for determining the lower-bearing radius R2 that 

	

25 	can satisfy the stability condition expression (1) will be described. 

FIG. 5A is a graph showing simulation results of the contact angle a, the gimbal-

axis height h, and a magnification K with respect to the lower-bearing radius R2 of the 

lower spherical bearing 55, FIG. 5B is a graph showing simulation results of the rotating-
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body frictional force Fxy and the lower-bearing surface force N with respect to the lower-

bearing radius R2, and FIG. 5C is a graph showing simulation results of the rotating-body 

friction torque T1, the lower-bearing friction torque T2, and the lower-restoring torque 

TR1 with respect to the lower-bearing radius R2. The simulations, results of which are 

5 shown in FIGS. 5A through 5C, were perfoimed under the following simulation 

conditions. 

[Simulation Conditions] 

• The pressing force DF = 78 N 

• The rotating-body coefficient of friction COF1 = 0.9 

10 	• The lower-bearing coefficient of friction COF2 = 0.1 

Each of the rotating-body coefficient of friction COF1 and the lower-bearing 

coefficient of friction COF2 was set based on the experiences of the present inventors. 

A left vertical axis in FIG. 5A represents the contact angle a or the gimbal-axis 

height h, and a right vertical axis in FIG 5A represents the magnification K. A 

15 horizontal axis in FIG 5A represents the lower-bearing radius R2. In FIG 5A, the 

contact angle a is represented by a chain line, and the gimbal-axis height h is represented 

by a thin solid line. A thick solid line represents the magnification K, which will be 

described later. A vertical axis in FIG 5B represents the rotating-body frictional force 

Fxy or the lower-bearing surface force N, and a horizontal axis in FIG 5B represents the 

20 lower-bearing radius R2. In FIG 5B, the rotating-body frictional force Fxy is 

represented by a thin solid line, and the lower-bearing surface force N is represented by a 

thick solid line. A vertical axis in FIG 5C represents the rotating-body friction torque 

T1, the lower-bearing friction torque T2, or the lower-restoring torque TR1, and a 

horizontal axis in FIG 5C represents the lower-bearing radius R2. In FIG 5C, the 

25 	rotating-body friction torque T1 is represented by a thin solid line, the lower-bearing 

friction torque T2 is reperesented by a chain line, and the lower- restoring torque TR1 is 

represented by a thick solid line. 

A width of the insertion recess 35b of the sleeve 35 in the radial direction of the 
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dresser 7 is appropriately detei 	'lined based on a diameter of the dresser 7 and a size of 

the dresser disk 31. Since the lower spherical bearing 55 (and the upper spherical 

bearing 52) is stored into the insertion recess 35b of the sleeve 35, a width of the lower 

spherical bearing 55 (and the upper spherical bearing 52) in the radial direction of the 

	

5 	dresser 7 is determined in advance at a predetermined value corresponding to the width of 

the insertion recess 35b. In this simulation, when the lower-bearing radius R2 of the 

lower spherical bearing 55 is changed in a state where the width of the lower spherical 

bearing 55 in the radial direction of the dresser 7 is fixed at the predetermined value, each 

value of the contact angle a, the gimbal-axis height h, the magnification K, the lower- 

	

10 	bearing surface force N, the rotating-body friction torque T1, the lower-bearing friction 

torque T2, and the lower-restoring torque TR1 was calculated. 

As shown in FIG. 5A, with increasing the lower-bearing radius R2 of the lower 

spherical bearing 55, the gimbal-axis height h is increased. More specifically, the 

rotational center CP travels away from the lower end surface of the dresser 7 downward. 

	

15 	Further, with increasing the lower-bearing radius R2 of the lower spherical bearing 55, 

the contact angle a is decreased. 

The rotating-body frictional force Fxy is detem Med by the rotating-body 

coefficient of friction COF1 between the dresser 7 and the polishing pad 10, and the 

pressing force DF. Therefore, as shown in FIG. 5B, if the lower-bearing radius R2 is 

	

20 	changed, the rotating-body frictional force Fxy is constant (i.e., not changed). On the 

other hand, as shown in FIG. 5C, the rotating-body friction torque T1 is the product of the 

rotating-body frictional force Fxy by the gimbal-axis height h, and thus, is increased with 

increasing the gimbal-axis height h (i.e., the lower-bearing radius R2). 

As shown in FIG. 5B, with decreasing the contact angle a, the lower-bearing 

	

25 	surface force N is increased. The lower-bearing friction torque T2 is the product of the 

lower-bearing surface force N by the lower-bearing radius R2, and hence, as shown in 

FIG 5C, the lower-bearing frictional force T2 is increased with increasing the lower-

bearing surface force N. 
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In this embodiment, the lower-bearing radius R2 is determined so that the 

rotating-body friction torque T1 that is generated during dressing the polishing pad 10 

with use of the dresser 7 causes the lower-bearing friction torque T2 to be cancelled. In 

order to prevent the vibration of the dresser7, as shown by the stability condition 

	

5 	expression (1), the lower-restoring torque TRI that is the sum of the rotating-body 

friction torque T1 and the lower-bearing friction torque T2 needs to be equal to or less 

than 0 in the polar coordinate system with its origin located on the rotational center CP. 

As shown in FIG. 5C, a value of the lower-bearing radius R2 when the lower-

restoring torque TR1 becomes 0 is 20 mm, and therefore, if the lower-bearing radius R2 is 

	

10 	equal to or more than 20 mm, the lower-bearing torque TR1 becomes equal to or less than 

0. Therefore, from these simulation results, it can be understood that, when the lower-

bearing radius R2 is set to 20 mm or more, the occurrence of the vibration of the dresser 7 

can be effectively prevented. In these simulations, when the lower-bearing radius R2 is 

20 mm, the gimbal-axis height h is 3 mm, and the magnification K, which will be 

	

15 	described later, is 0.79. 

In this specification, the magnification K is defined as follows. 	The 

magnification K is a ratio of the lower-bearing surface force N at the point of application 

OP (see FIG. 4) to the rotating-body frictional force Fxy. The magnification K is 

obtained from the following expression (2). 

	

20 	K = 1 / [sin(a) + COF2.cos(a)] —(2) 

As described with reference to FIG. 4, a magnitude of N•sin (a) that is a force 

component of the lower-bearing surface force N in the horizontal direction is proportional 

to the rotating-body frictional force Fxy. Specifically, a relationship of the following 

expression (3) is established between the rotating-body frictional force Fxy and the lower- 

	

25 	bearing surface force N. 

Fxy = N•sin (a) + N.00F2.cos (a) • -(3) 

In the expression (3), a term "N•COF2•cos (a)" is a force component of the 

lower-bearing frictional force Fl in the horizontal direction. 
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With decreasing the contact angle a, the lower-bearing surface force N is 

increased. When the lower-bearing surface force N increases, N.cos (a) that is a force 

component of the lower-bearing surface force N in the vertical direction is increased. 

When N•cos (a) becomes larger than the pressing force DF, the rotating-body frictional 

	

5 	force Fxy cannot be supported only by the lower spherical bearing 55, so that the rotating- 

body frictional force Fxy begins to act on the upper spherical bearing 52. Accordingly, 

it is preferred that the lower-bearing radius R2 is set so as to provide the magnification K 

which does not exceed 1.0. In these simulations, when the lower-bearing radius R2 is 

equal to or more than 24.5 mm, the magnification K exceeds 1.0. Therefore, the lower- 

	

10 	bearing radius R2 is preferably set within a range of 20 mm to 24.5mm. When the 

lower-bearing radius R2 is 24.5 mm, the contact angle a is 37 degrees. 

When the magnification K exceeds 1.0, the rotating-body frictional force Fxy 

acts on the upper spherical bearing 52, causing an upper-bearing frictional force to be 

generated between the first concave contact surface 53a and the second convex contact 

15 surface 54a of the upper spherical bearing 52. The upper-bearing frictional force 

generated in the upper spherical bearing 52 causes an upper-bearing friction torque that 

attempts to rotate the dresser (rotating body) 7 around the rotational center CP to be 

generated. 

Although not shown, the upper-bearing friction torque is generated according to 

	

20 	the same principles as the lower-bearing friction torque described with reference to FIG. 4. 

More specifically, since the rotating-body frictional force Fxy is mainly applied to an 

outer end (or near an outer end) of the upper spherical bearing 52, a point of application at 

which the rotating-body frictional force Fxy is applied to the upper spherical bearing 52, 

is set to the outer end (near the outer end) of the upper spherical bearing 52. On this 

	

25 	point of application of the upper spherical bearing 52, the second convex contact surface 

54a is pressed against the first concave contact surface 53a at the rotaing-body frictional 

force Fxy in the horizontal direction, and as a result, a reaction force to the rotating-body 

frictional force Fxy is generated on the first concave contact surface 53a. The reaction 
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force to the rotating-body frictional force Fxy, which has been generated on the first 

concave contact surface 53a, causes an upper-bearing surface force to be generated in a 

perpendicular direction to a tangential line at the point of application of the upper 

spherical bearing 52. 

	

5 	The upper-bearing surface force generated in the upper spherical bearing 52 

causes an upper-bearing frictional force to be generated between the first concave contact 

surface 53a and the second convex contact surface 54a. As a result, an upper-bearing 

friction torque due to the upper-bearing frictional force is generated in the dresser 7. 

The upper-bearing frictional force is a force applied in the tangential direction at the point 

	

10 	of application where the rotating-body frictional force Fxy is applied to the upper 

spherical bearing 52, and a magnitude of the upper-bearing frictional force is obtained by 

multiplying the upper-bearing surface force by a coefficient of friction between the first 

concave contact surface 53a and the second convex contact surface 54a. For 

convenience in description, hereinafter, the upper-bearing surface force will be referred to 

	

15 	as "an upper-bearing surface force N' ", the upper-bearing frictional force will be referred 

to as "an upper-bearing frictional force F2", and the coefficient of friction between the 

first concave contact surface 53a and the second convex contact surface 54a will be 

referred to as "an upper-bearing coefficient of friction COF3". 

The upper-bearing coefficient of friction COF3 may be estimated based on 

20 experiences of designer of the coupling mechanism 50, or may be obtained from 

experiments and the like. In an embodiment, a measuring device capable of measuring 

the upper-bearing coefficient of friction COF3 may be made, and the upper-bearing 

coefficient of friction COF3 may be practically measured by using this measuring device. 

The upper-bearing frictional force F2 causes an upper-bearing friction torque, 

	

25 	which attempts to rotate the dresser 7 around the rotational center CP and in a direction 

opposite to the rotating-body friction torque Ti, to be generated. For convenience in 

description, hereinafter, the upper-bearing friction torque will be referred to as "an upper-

bearing friction torque T3". The upper-bearing friction torque T3 is obtained by 
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multiplying the upper-bearing frictional force F2 by the upper-bearing radius R1 (i.e., T3 

= FIR1). The upper-bearing friction torque T3 acts in the opposite direction to the 

rotating-body friction torque T1. Therefore, in the above-described polar coordinate 

system with its origin located on the rotational center CP, the upper-bearing friction 

	

5 	torque T3 takes positive numbers. 

When the magnification K in the lower spherical bearing 55 exceeds 1.0, the 

upper-bearing friction torque T3 may be generated, thereby causing the vibration of the 

dresser 7 to occur. In view of this, it is preferred that the upper-bearing radius R1 is 

determined in consideration of the magnification K. Hereinafter, simulations for 

	

10 	dete 	mining the upper-bearing radius R1 will be described. 

As with the stability condition expression (1) for the dresser 7 due to the lower-

bearing friction torque T2, a stability condition expression for the dresser 7 due to the 

upper-bearing friction torque T3 can be represented by the following expression (4). 

An upper-restoring torque TR2 5 0 —(4) 

	

15 	The upper-restoring torque TR2 is the sum of the rotating-body friction torque 

T1 and the upper-bearing friction torque T3 in the polar coordinate system with its origin 

located on the rotational center CP (i.e., TR2 = Ti + T3). 

In the above-described polar coordinate system, when the polishing pad 10 

moves at a velocity (+V) from a right side to a left side relative to the dresser 7, the 

20 upper-bearing friction torque T3 takes positive numbers, and the rotating-body friction 

torque T1 takes negative numbers. In such a polar coordinate system, when the upper-

restoring torque TR2 is larger than 0, the dresser 7 attempts to tilt in a direction opposite 

to the moving direction of the polishing pad 10. Accordingly, the peripheral portion of 

the dresser 7 tends to sink into the polishing pad 10, and thus, the attitude of the dresser 7 

	

25 	becomes unstable. As a result, the vibration may occur in the dresser 7. In contrast, 

when the upper-restoring torque TR2 is equal to or less than 0, the dresser 7 attempts to 

tilt toward the moving direction of the polishing pad 10, while the polishing pad 10 goes 

away from the peripheral portion (edge portions) of the dresser 7. Therefore, a state in 
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which the peripheral portion of the dresser 7 sinks into the polishing pad 10 is not induced, 

so that the attitude of the rotating body becomes stable. As a result, the vibration of the 

dresser 7 can be prevented. 

Unlike such a polar coordinate system, if assuming a polar coordinate system in 

	

5 	which, when the polishing pad 10 moves from right to left at a speed (+V), the upper- 

bearing friction torque T3 takes negative numbers and the rotating-body friction torque 

Ti takes positive numbers, it should be noted that the direction of the inequality sign in 

the above-described stability condition expression (4) is reversed (i.e., The upper-

restoring torque TR2 > 0). 

	

10 	FIGS. 6A through 6C are graphs each showing simulation results for the upper 

spherical bearing, which has been performed under the same conditions as the simulations 

whose results are illustrated by FIGS. 5A through 5C. More specifically, FIG. 6A is a 

graph showing simulation results of a contact angle a, the gimbal-axis height h, and a 

magnification K with respect to the upper-bearing radius R1 of the upper spherical 

	

15 	bearing 52, FIG. 6B is a graph showing simulation results of the rotating-body frictional 

force Fxy and the upper-bearing surface force N' with respect to the upper-bearing radius 

R1, and FIG. 6C is a graph showing simulation results of the rotating-body friction torque 

T1, the upper-bearing friction torque T3, and the upper-restoring torque TR2 with respect 

to the upper-bearing radius R1. 

	

20 	A left vertical axis in FIG. 6A represents the contact angle a or the gimbal-axis 

height h, and a horizontal axis in FIG. 6A represents the upper-bearing radius R1. In FIG 

6A, the contact angle a is represented by a chain line, and the gimbal-axis height h is 

represented by a thin solid line. A thick solid line represents the magnification K in the 

upper spherical bearing 52. A vertical axis in FIG 6B represents the rotating-body 

	

25 	frictional force Fxy or the upper-bearing surface force N', and a horizontal axis in FIG. 6B 

represents the upper-bearing radius R1. In FIG 6B, the rotating-body frictional force 

Fxy is represented by a thin solid line, and the upper-bearing surface force N' is 

represented by a thick solid line. A vertical axis in FIG 6C represents the rotating-body 
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friction torque T1, the upper-bearing friction torque T3, or the upper-restoring torque TR2, 

and a horizontal axis in FIG 6C represents the upper-bearing radius R1. In FIG 6C, the 

rotating-body friction torque T1 is represented by a thin solid line, the upper-bearing 

friction torque T3 is represented by a chain line, and the upper- restoring torque TR2 is 

	

5 	represented by a thick solid line. 

The simulations, results of which are shown in FIGS. 6A through 6C, were 

perfoimed under the following simulation conditions. 

[Simulation Conditions] 

• The pressing force DF = 78 N 

	

10 	 • The rotating-body coefficient of friction COF1 = 0.9 

• The upper-bearing coefficient of friction COF3 = 0.1 

Each of the rotating-body coefficient of friction COF1 and the upper-bearing 

coefficient of friction COF3 was set based on the experiences of the present inventors. 

First, the lower-bearing radius R2 is determined from the simulation results 

	

15 	illustrated in FIGS. 5A through 5C. In this embodiment, the lower-bearing radius R2 is 

determined to be 20 mm, which is a value of the lower-bearing radius when the lower-

restoring torque TR1 becomes 0 (see FIG. 5C). Next, the gimbal-axis height h is 

deteuiiined based on the lower-bearing radius R2 deteiniined. When the lower-bearing 

radius R2 is 20 mm, the gimbal-axis height h is 3 mm (see FIG. 5A). Next, with 

	

20 	reference to FIG. 6A, the upper-bearing radius R1 when the gimbal-axis height h is 3 mm 

is deteimined. From the FIG. 6A, it can be seen that the upper-bearing radius R1 when 

the gimbal-axis height h is 3 mm is 27 mm. In this manner, the upper-bearing radius R1 

is determined. 

Next, with referring to FIG. 6C, a value of the upper-restoring torque TR2 when 

	

25 	the upper-bearing radius R1 is 27 mm is checked. From FIG. 6C, it can be seen that a 

value of the upper-restoring torque TR2 when the upper-bearing radius R1 is 27 mm is 

larger than 0. 

In this embodiment, the magnification K when the lower-bearing radius R2 is 20 
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mm is equal to or less than 1.0. Accordingly, the rotating-body frictional force Fxy is 

considered to have little effect on the upper-spherical bearing 52. Therefore, even 

though the upper-restoring torque TR2 is larger than 0, the lower-bearing radius R2 can 

be determined to be 20 mm, and the upper-bearing radius R1 can be determined to be 27 

5 mm. 

However, in the above-described simulations, the value of the lower-bearing 

coefficient of friction COF2 (= 1.0) is an assumed value. Further, the lower-restoring 

torque TR1 when the lower-bearing radius R2 is 20 mm is 0. Therefore, even though 

the lower-bearing coefficient of friction COF2 only becomes slightly larger than 0.1, the 

10 	above-described stability condition expression (1) may not be satisfied. Specifically, 

even though the lower-bearing coefficient of friction COF2 only becomes slightly larger 

than 0.1, the vibration may occur in the dresser 7. 

In view of this, the lower-bearing coefficient of friction COF2 was set to 0.2, and 

simulations were performed again. FIGS. 7A through 7C are graphs each showing 

15 	another simulation results for determining the lower-bearing radius. 	Simulation 

conditions used in simulations whose results are shown in FIGS. 7A through 7C, are 

different from those used in the simulations whose results are shown in FIGS. 5A through 

5C, only in that the lower-bearing coefficient of friction is increased. More specifically, 

the lower-bearing coefficient of friction COF2 in the simulations whose results are shown 

20 	in FIGS. 7A through 7C, was set to 0.2, and simulation conditions, except for the lower-

bearing coefficient of friction COF2, were identical to those used in the simulations 

whose results are shown in FIGS. 5A through 5C. 

As shown in FIG. 7C, it can be seen that, when the lower-bearing coefficient of 

friction COF2 is set to 0.2, each value of the lower-bearing friction torque T2 is larger 

25 	than that of the lower-bearing friction torque T2 shown in FIG. 5C. Further, the lower-

bearing radius R2 when the lower-restoring torque TR1 becomes 0 is 24 mm, and it can 

be seen that, if the lower-bearing radius R2 is set to 20 mm, the stability condition 

expression (1) is not satisfied. Therefore, when the lower-bearing coefficient of friction 
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COF2 is set to 0.2, the lower-bearing radius cannot be determined to be 20 mm. 

FIGS. 8A through 8C are graphs each showing simulation results for 

deteiiiiining the upper-bearing radius, which were perfoinied under the same conditions 

as those of the simulations whose results are shown in FIGS. 7A through 7C. FIGS. 8A 

5 through 8C correspond to FIGS. 7A through 7C, respectively, and descriptions for a 

vertical axis and a horizontal axis in each drawing are omitted. 

As described above, when the lower-bearing coefficient of friction COF2 is set 

to 0.2, the lower-bearing radius R2 cannot be determined to be 20 mm. However, just to 

make sure, it is preferred that the upper-restoring torque TR2 when the lower-bearing 

10 	radius R2 is 20 mm is checked. 

As described above, when the lower-bearing radius R2 is 20 mm, the gimbal-

axis height h is 3 mm, and the upper-bearing radius R1 corresponding to this gimbal-axis 

height h (= 3 mm) is 27 mm. From FIG. 8C, it can be seen that the upper-restoring 

torque TR2 when the upper-bearing radius R1 is 27mm is larger than 0. Therefore, it is 

15 	understood that the upper-bearing radius R1 cannot be determined to be 27 mm. 

In this manner, if the lower-bearing coefficient of friction COF2 is set to 0.2, the 

lower-bearing radius R2 cannot be deteiinined to be 20 mm. Therefore, it is necessary 

to redetermine the lower-bearing radius R2 that can satisfy the stability condition 

expression (1) when the lower-bearing fictional coefficient COF is 0.2. 

20 	FIGS. 9A through 9C are graphs each showing explicitly the lower-bearing 

radius R2 at which the lower-restoring torque TR1 becomes 0 in the graphs shown in 

FIGS. 7A through 7C. As shown in FIG. 9C, when the lower-bearing radius R2 is 24 

mm, the lower-restoring torque TR1 is equal to or less than 0. Therefore, when it is 

assumed that the lower-bearing coefficient of friction COF2 is 0.2, it is understood that a 

25 	value of the lower-bearing radius R2 that can satisfy the stability condition expression (1) 

is equal to or more than 24 mm. 

Further, from FIG. 9A, it can be seen that, when the lower-bearing radius R2 is 

24 mm, the gimbal-axis height h is 9.6 mm, and the magnification K is equal to or less 
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than 1 0 

FIGS. 10A through 10C are graphs each showing explicitly the upper-bearing 

radius R1 when the lower-bearing radius R2 is 24 mm in the graphs shown in FIGS. 8A 

through 8C. As shown in FIG. 10A, the upper-bearing radius R1 when the gimbal-axis 

	

5 	height h is 9 6 mm is 28 mm. As shown in FIG. 10C, the upper-restoring torque TR2 

when the upper-bearing radius R1 is 28mm is 0, and therefore, it can be seen that the 

above-described stability condition expression (4) also is satisfied. 

In this manner, the lower-bearing radius R2 and the upper-bearing radius R1 are 

determined so as to simultaneously satisfy the stability condition expressions (1) and (4), 

	

10 	so that the vibration of the dresser (rotating body) 7 can be prevented more effectively. 

FIGS. 11A through 11C are graphs each showing simulation results which were, 

except that the lower-bearing coefficient of friction COF2 was set to 0.1, performed under 

the same simulation conditions as those of the simulations whose results are shown in 

FIGS. 9A through 9C. FIGS. 12A through 12C are graphs each showing simulation 

15 results which were performed under the same simulation conditions as those of the 

simulations whose results are shown in FIGS. lla through 11C. 

It can be seen from FIGS. 11A through 11C that, when the lower-bearing radius 

R2 is determined to be 24 mm, the lower-restoring torque TR1 is equal to or less than 0, 

and the magnification K is equal to or less than 1.0. Further, it can be seen from FIGS. 

	

20 	12A through 12C that, when the upper-bearing radius R1 is determined to be 28 mm, the 

upper-restoring torque TR2 is equal to or less than 0. Therefore, it can be understood 

that, even though the lower-bearing coefficient of friction COF2 is set to 0.1, the stability 

condition expressions (1) and (4) are satisfied simultaneously. 

In this manner, the lower-bearing radius R2 is determined so as to satisfy the 

	

25 	stability condition expression (1). In this case, the lower-bearing radius R2 is preferably 

determined in consideration of the magnification K. Further, when the magnification K 

exceeds 1.0, it is preferred that the upper-bearing radius R1 is determined so as to satisfy 

the stability condition expression (4). 
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FIG. 13 is a schematic view showing a manner where the dresser 7 is coupled to 

the dresser shaft 23 through the coupling mechanism 50 in which the lower-bearing radius 

R2 is set to 24 mm, and the upper-bearing radius R1 is set to 28 mm. FIG. 14 is an 

enlarged view of the coupling mechanism 50 shown in FIG. 13. 

	

5 	When comparing the coupling mechanism 50 shown in FIG. 14 to the coupling 

mechanism 50 shown in FIG.3, each shape of the first sliding-contact member 53, the 

second sliding-contact member 54, and the third sliding-contact member 56 of the 

coupling mechanism 50 shown in FIG. 14 is different from each shape of the first sliding-

contact member 53, the second sliding-contact member 54, and the third sliding-contact 

	

10 	member 56 in the coupling mechanism 50 shown in FIG. 3. Further, it can be seen that 

the rotational center CP of the coupling mechanism 50 shown in FIG. 14 is located lower 

than the rotational center CP of the coupling mechanism 50 shown in FIG. 3. In this 

manner, each shape of the first sliding-contact member 53, the second sliding-contact 

member 54, and the third sliding-contact member 56 is appropriately designed to thereby 

	

15 	provide the coupling mechanism 50 having the lower-bearing radius R2 and the upper- 

bearing radius R1 that are detelinined by the above-described simulations. 

The above-described embodiments are directed to the coupling mechanism 50 

for coupling the dresser 7 to the dresser shaft 23. The coupling mechanism according to 

any one of the above-described embodiments may be used for coupling the polishing head 

	

20 	5 to the head shaft 14. 	In this case also, the above-described method of deteiin ining the 

bearing radius can be used to determine the lower-bearing radius R2 and the upper-

bearing radius Rl. 

Although the embodiments according to the present invention have been 

described above, it should be understood that the present invention is not limited to the 

25 above embodiments, and various changes and modifications may be made without 

departing from the technical concept of the appended claims. 
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What is claimed is: 

1. A coupling mechanism for tiltably coupling a rotating body to be pressed 

against a polishing pad to a drive shaft, comprising: 

an upper spherical bearing and a lower spherical bearing disposed between the 

drive shaft and the rotating body, 

wherein the upper spherical bearing has a first concave contact surface and a 

second convex contact surface which is in contact with the first concave contact surface, 

the lower spherical bearing has a third concave contact surface and a fourth 

convex contact surface which is in contact with the third concave contact surface, 

the first concave contact surface and the second convex contact surface are 

located above the third concave contact surface and the fourth convex contact surface, 

the first concave contact surface, the second convex contact surface, the third 

concave contact surface, and the fourth convex contact surface are arranged 

concentrically, 

a lower-bearing radius of the lower spherical bearing is determined so that a 

lower-restoring torque is equal to or less than 0, and 

the lower-restoring torque is the sum of a rotating-body friction torque generated 

in the rotating body due to a rotating-body frictional force between the polishing pad and 

the rotating body, and a lower-bearing friction torque generated in the rotating body due 

to a frictional force between the third concave contact surface and the fourth convex 

contact surface. 

2. The coupling mechanism according to claim 1, wherein an upper-bearing 

radius of the upper spherical bearing is deteiniined so that an upper-restoring torque is 

equal to or less than 0, and 

the upper-restoring torque is the sum of the rotating-body friction torque and an 

upper-bearing friction torque generated in the rotating body due to a frictional force 

between the first concave contact surface and the second convex contact surface. 
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3. A method of determining a bearing radius of a coupling mechanism 

including an upper spherical bearing having a first concave contact surface and a second 

convex contact surface which is in contact with the first concave contact surface, and a 

lower spherical bearing having a third concave contact surface and a fourth convex 

contact surface which is in contact with the third concave contact surface, the upper 

spherical bearing and the lower spherical bearing having a same rotational center, 

comprising: 

determining a lower-bearing radius of the lower spherical bearing so that the a 

lower-restoring torque is equal to or less than 0, 

wherein the lower-restoring torque is the sum of a rotating-body friction torque 

generated in the rotating body due to a rotating-body frictional force between the 

polishing pad and the rotating body, and a lower-bearing friction torque generated in the 

rotating body due to a frictional force between the third concave contact surface and the 

fourth convex contact surface. 

4. The method of determining the bearing radius according to claim 3, wherein 

an upper-bearing radius of the upper spherical bearing is determined so that an upper-

restoring torque is equal to or less than 0, and 

the upper-restoring torque is the sum of the rotating-body friction torque and an 

upper-bearing friction torque generated in the rotating body due to a frictional force 

between the first concave contact surface and the second convex contact surface. 

5. A substrate polishing apparatus, comprising: 

a polishing table for supporting a polishing pad; and 

a polishing head configured to press a substrate against the polishing pad, 

wherein the polishing head is coupled to a drive shaft through the coupling 

mechanism according to claim 1. 
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6. 	A substrate polishing apparatus comprising: 

a polishing table for supporting a polishing pad; 

a polishing head configured to press a substrate against the polishing pad; and 

a dresser which is pressed against the polishing pad, 

wherein the dresser is coupled to a drive shaft through the coupling mechanism 

according to claim 1. 
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