
US 20090036035Al 

(12) Patent Application Publication (10) Pub. No.: US 2009/0036035 A1 
(19) United States 

Nangoy et al. (43) Pub. Date: Feb. 5, 2009 

(54) APPARATUS AND METHODS FOR 
CONDITIONING A POLISHING PAD 

(75) Inventors: Roy C. Nangoy, Santa Clara, CA 
(US); Shou-Sung Chang, Stanford, 
CA (US); Donald J.K. Olgado, 
Palo Alto, CA (US); Hung Chih 
Chen, Sunnyvale, CA (US); Gerald 
John Alonzo, Los Gastos, CA (US) 

Correspondence Address: 
DUGAN & DUGAN, PC 
245 Saw Mill River Road, Suite 309 
Hawthorne, NY 10532 (US) 

(73) Assignee: APPLIED MATERIALS, INC. 

(21) Appl. No.: 12/245,758 

(22) Filed: Oct. 5, 2008 

Related U.S. Application Data 

(62) Division of application No. 11/684,969, ?led on Mar. 
12, 2007. 

104 
112 

(60) Provisional application No. 60/782,133, ?led on Mar. 
13, 2006. 

Publication Classi?cation 

(51) Int. Cl. 
B24B 1/00 (2006.01) 
B24B 7/00 (2006.01) 

(52) U.S. Cl. ......................................... .. 451/56; 451/259 

(57) ABSTRACT 

Apparatus and methods for conditioning a polishing pad 
include a base, an arm pivotally coupled to the base and 
adapted to support a conditioning disk, and an actuator 
coupled to the base and the arm. The actuator is adapted to 
cause the arm to press the conditioning disk against the pol 
ishing pad With a linearly variable amount of force. A ?rst 
force is produced With the actuator. The ?rst force is scaled by 
a linearly variable amount to a second force that is applied to 
the polishing pad by a conditioning disk. Numerous other 
aspects are disclosed. 
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APPARATUS AND METHODS FOR 
CONDITIONING A POLISHING PAD 

[0001] This application is a division of, and claims priority 
to, US. Non-Provisional patent application Ser. No. 11/684, 
969, ?led Mar. 12, 2007, and titled, “APPARATUS AND 
METHODS FOR CONDITIONING A POLISHING PAD” 
(Attorney Docket No. 10445), Which claims priority to US. 
Provisional Patent Application Ser. No. 60/782,133, ?led 
Mar. 13, 2006, and titled, “APPARATUS AND METHODS 
FOR CONDITIONING A POLISHING PAD” (Attorney 
Docket No. 10445/L). Both of these patent applications are 
hereby incorporated by reference herein in their entirety for 
all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to electronic 
(e.g., semiconductor) device manufacturing and more par 
ticularly to apparatus and methods for conditioning a polish 
ing pad. 

BACKGROUND OF THE INVENTION 

[0003] During conventional substrate processing, layers of 
material are formed on top of each other. Such layers may 
have surface undulations. As a result, layers being formed 
may be deformed by a previously formed layer. To reduce this 
effect, conventional semiconductor processes may employ a 
polishing process such as chemical mechanical polishing 
(CMP) or another suitable method. Such methods may 
employ a polishing pad to remove a portion of the layer so as 
to reduce the undulations. 
[0004] The polishing process may employ, in addition to 
the polishing pad, a mixture of abrasive particles and ?uid 
(e.g., slurry). The abrasive particles and the material being 
removed from the layer may become embedded in the pol 
ishing pad. Such embedded material may dislodge from the 
polishing pad and scratch the Wafer. To remove such undesir 
able material, a conditioning disk may be employed. The 
conditioning disk may rotate While pressing the polishing pad 
With a force. HoWever, the conditioning disk may apply a 
force and rotate at a speed that may not be controlled or Well 
knoWn. Thus, such a conditioning disk may not optimally 
remove a portion of the embedded material, thereby reducing 
the useful life of the polishing pad. Accordingly, there is a 
need to control the force and rotation of the conditioner pad. 

SUMMARY OF THE INVENTION 

[0005] In a ?rst aspect of the invention, an apparatus for 
conditioning a polishing pad comprises a base, an arm pivot 
ally coupled to the base and adapted to support a conditioning 
disk, and an actuator coupled to the base and the arm. The 
actuator is adapted to cause the arm to press the conditioning 
disk against the polishing pad With a linearly variable amount 
of force. 
[0006] In a second aspect of the invention, a method for 
conditioning a polishing pad is provided that includes pro 
ducing a ?rst force With an actuator, and scaling the ?rst force 
by a linearly variable amount to a second force that is applied 
to a polishing pad by a conditioning disk. 
[0007] In a third aspect of the invention, an apparatus for 
conditioning a polishing pad comprises a base, an arm pivot 
ally coupled to the base and adapted to support a conditioning 
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disk, an actuator coupled to the base and the arm, and adapted 
to cause the arm to press the conditioning disk against the 
polishing pad, and a sensor adapted to generate a signal 
indicative of an amount of force applied to a polishing pad by 
the conditioning disk. 
[0008] In a fourth aspect of the invention, a method for 
conditioning a polishing pad is provided that includes apply 
ing a force to a polishing pad using a conditioning disk, 
measuring the force With a sensor, and generating a signal 
indicative of the force With the sensor. 
[0009] In a ?fth aspect of the invention, an apparatus for 
conditioning a polishing pad comprises an arm adapted to 
support a conditioning disk, and a drive mechanism coupled 
betWeen the arm and the conditioning disk. The drive mecha 
nism is adapted to directly rotate the conditioning disk rela 
tive to the arm. 

[0010] In a sixth aspect of the invention, a method for 
conditioning a polishing pad includes providing a direct drive 
mechanism having a rotary motion, and coupling the rotary 
motion directly to a conditioning disk such that the condition 
ing disk rotates. 
[0011] In a seventh aspect of the invention, an apparatus for 
conditioning a polishing pad comprises an arm adapted to 
support a conditioning disk, a drive mechanism coupled to the 
arm, and a ?exible coupling betWeen the drive mechanism 
and the conditioning disk adapted to alloW the conditioning 
disk to tilt While transmitting rotary motion from the drive 
mechanism to the conditioning disk. 
[0012] In an eighth aspect of the invention, a method for 
conditioning a polishing pad includes providing a drive 
mechanism having a rotary motion, and transmitting the 
rotary motion to a conditioning disk via a ?exible coupling 
that alloWs the conditioning disk to tilt While rotating the 
conditioning disk. 
[0013] Other features and aspects of the present invention 
Will become more fully apparent from the folloWing detailed 
description, the appended claims and the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic draWing of an example of a 
leverage arm design apparatus for conditioning a surface of a 
polishing pad according to some embodiments of the present 
invention. 
[0015] FIG. 2 is a schematic vieW depicting an example of 
a leverage arm design that employs a leverage arm ratio to 
relate the forces applied to the arm in accordance With some 
embodiments of the present invention. 
[0016] FIGS. 3A and 3B are schematic vieWs depicting a 
conditioning disk coupled to an example of a leverage arm 
design via a ?exible rotatable member in accordance With 
some embodiments of the present invention. 
[0017] FIG. 4 is a perspective vieW of an example pad 
conditioner apparatus having an applied leverage arm design 
in accordance With some embodiments of the present inven 
tion. 
[0018] FIG. 5 is a detailed perspective vieW depicting a 
portion of an example pad conditioner apparatus in accor 
dance With some embodiments of the present invention. 
[0019] FIG. 6 is a detailed perspective vieW of a portion of 
an example pad conditioner apparatus including an applied 
leverage arm design in accordance With some embodiments 
of the present invention. 
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[0020] FIG. 7 is a schematic vieW of an example condi 
tioner feedback apparatus in accordance With some embodi 
ments of the present invention. 
[0021] FIG. 8 is a detailed perspective vieW depicting an 
example pad conditioner feedback apparatus that employs a 
force transducer in accordance With some embodiments of 
the present invention. 
[0022] FIG. 9 is a schematic vieW of an example driven 
conditioning apparatus in accordance With some embodi 
ments of the present invention. 
[0023] FIG. 10 is a detailed perspective vieW of a motor 
coupled to a rotatable conditioning disk and an arm in accor 
dance With some embodiments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0024] The present invention provides improved apparatus 
and methods for conditioning a polishing pad. More speci? 
cally, the present invention provides an apparatus and meth 
ods for controlling a conditioning disk While it is pressing on 
a polishing pad. The present invention includes a polishing 
pad conditioner. The polishing pad conditioner may include 
an arm, a base, a load cell, a direct drive motor and a gimbal. 
The polishing pad conditioner may be coupled to a condition 
ing disk. 
[0025] In an embodiment, the polishing pad conditioner 
includes a leverage arm design. In the leverage arm design, 
the arm may be pivotally coupled to the base. The actuator and 
conditioning disk may be coupled such that the conditioning 
disk is further from the pivot than the actuator. The actuator 
may be coupled to the arm and adapted to apply a force 
betWeen the arm and base. Since the conditioning disk is 
further aWay from the pivot than the actuator, the arm effec 
tively reduces the actuator force to a smaller conditioning 
disk force in proportion to the length of the arm. Thus, the 
leverage arm design may reduce the actuator force, and any 
?uctuations in the actuator force, to a smaller conditioning 
disk force. Since an increase in the actuator force may not 
have a corresponding increase in ?uctuations, the leverage 
arm design effectively increases the conditioning disk force 
to variation ratio. Accordingly, there is an improvement in the 
control of the conditioning disk force, thereby improving 
control over the removal of the embedded material. In this 
manner, the useful life of the polishing pad may be extended. 
[0026] The polishing pad conditioner may also include a 
force sensor. The force sensor may measure and provide a 
signal indicative of the conditioning disk force. In an embodi 
ment, the sensor may be coupled betWeen the actuator and 
base. In an alternative embodiment, the sensor may be 
coupled betWeen the actuator and the arm. The force sensor 
may measure the actuator force. As described above, the 
actuator force is linearly related to the sensor force in propor 
tion to the length of the arm. Thus, the sensor may provide a 
signal indicative of the conditioning disk force even though it 
may be coupled to the actuator. The signal may be fed to a 
controller that is adapted to control the force applied by the 
actuator. By employing such a sensor, a desired quantity of 
conditioning disk force may be applied by the controller by 
applying a corresponding quantity of actuator force. Thereby, 
the force sensor may alloW for more optimal control of the 
removal of the embedded material. In this manner, the useful 
life of the polishing pad may be extended. 
[0027] The invention also provides a direct drive motor to 
rotate the conditioning disk. Conventional motors, not having 
a direct drive, may require a transmission system to rotate the 
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conditioning disk. Such transmission systems may have piece 
parts With mechanical tolerances that cause a slack betWeen 
the conventional motor and the rotation of the conditioning 
disk. The slack in the transmission system may cause unde 
sirable variations (e.g., backlash, vibrations, and/ or the like) 
in the rotation of the conditioning disk. By employing a direct 
drive motor, the transmission system and the associated slack, 
may be eliminated. Thus, undesirable variation in the condi 
tioning disk rotation may be reduced or eliminated, thereby 
alloWing for greater control over the rotation of the condition 
ing disk. In this manner, the useful life of the polishing pad 
may also be extended. HoWever, in some embodiments, a 
direct drive motor coupled to a planetary gear may provide a 
suitable degree of control over the rotation of the conditioning 
disk. 

[0028] The invention also provides a gimbal. The gimbal 
may be a ?exible material such as plastic. The gimbal may be 
employed to transmit rotation from the direct drive motor to 
the conditioning disk. The gimbal may be ?exible so as to 
alloW tilting While transmitting the rotation. Concurrently, the 
conditioning disk may apply a pressure to the polishing pad. 
The ?exibility to tilt While applying the pressure alloWs the 
pressure to be more uniform. This may alloW more uniform 
removal of the embedded material. In this manner, the useful 
life of the polishing pad may be further extended. 
[0029] FIG. 1 is a schematic draWing of a leverage arm 
design apparatus for conditioning a surface of a polishing pad 
by pressing and rotating a conditioning disk on the surface of 
the polishing pad in accordance With an embodiment of the 
present invention. The leverage arm design apparatus 100 
may include a base 102 and an arm 104. The base 102 may be 
coupled to the arm 104 via a pivot 106. The apparatus may 
also include an actuator 108 coupled to the base 102 and the 
arm 104. A conditioning disk 110 may be coupled to the arm 
104 via a rotatable member 112. The rotatable member 112 
may be rotatively coupled to the arm 104. 

[0030] The base 102 may be stationary With respect to the 
arm 104. For example, the base 102 may be attached to 
semiconductor equipment such as a CMP or other suitable 
equipment. Alternatively, the base 102 may be coupled to 
facilities supporting semiconductor manufacturing such as a 
Wall, building structure and/or the like. As another alternative, 
the base 102 may rotate about a vertical axis. A motor not 
shoWn may enable the base 102 to rotate about the vertical 
axis. The motor may connect the base 102 to the semicon 
ductor equipment, the other equipment, the facilities support 
ing semiconductor manufacturing, etc. The motor may be a 
direct drive motor or other suitable motor. In addition, the 
motor may be connected to the base 102 via a suitable trans 
mission mechanism, such as a lead screW or Zero backlash 
harmonic gear. 

[0031] The arm 104 may freely rotate about the pivot 106 in 
all directions. In an alternative embodiment, the arm 104 may 
be free to rotate about the pivot 106 only in the plane formed 
by the arm 104 and the actuator 108. In either embodiment, 
the actuator 108 may apply a force to the base 102 and the arm 
104 so as to rotate the arm 104, relative to the base 102, about 
the pivot 106. In addition to applying the force, the actuator 
108 may expand or contract axially, thereby alloWing for 
rotation of the arm 104 relative to the base 102 While still 
being coupled to the base 102 and the arm 104. More than one 
actuator 108 may be employed although only one actuator is 
depicted in FIG. 1. 
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[0032] The conditioning disk 110 may rotate relative to the 
arm 104. The rotation of the conditioning disk 110 may be 
imparted to the conditioning disk 110 by the rotatable mem 
ber 112. The rotation of the conditioning disk 110 may be in 
either direction and may be employed to condition a surface 
of a polishing pad. In addition, the rotation of the rotatable 
member 1 12 may be approximately the same as the rotation of 
the conditioning disk 110 although other suitable rotation 
ratios may be employed. The rotation of the conditioning disk 
110 may be employed along With a pressure to condition the 
polishing pad. 
[0033] To create the pressure, the arm 104 may be 
employed to press the conditioning disk 110 against the pol 
ishing pad. The force employed by the arm 104 to press the 
conditioning disk 110 against the polishing pad may be 
applied to the arm by the actuator 108 and/or other sources 
(e. g., Weight of the arm and conditioning disk, friction and/or 
the like). The forces applied to the arm may form torques 
about the pivot 106. The forces applied to the arm may also 
include a polishing pad force. The polishing pad force is 
applied to the arm by a polishing pad pressure 114. The 
polishing pad pressure 114 may be applied by the polishing 
pad to the conditioning disk 110 When the arm presses the 
conditioning disk 110 to the polishing pad. 
[0034] Because the arm 104 may rotate about the pivot 106, 
the polishing pad pressure 114 may be controlled by the 
actuator 108. The polishing pad force imparted on the arm by 
the polishing pad pressure 114 may be proportional to an 
actuator force applied by the actuator 108 to the arm 104. The 
polishing pad force 202 (see FIG. 2) is described in more 
detail beloW and may be in the range of about 0 to about 14 
lbs. The actuator force and the polishing pad force may be 
linearly proportional. The actuator force and the polishing 
pad force may be proportional to the ratio betWeen the dis 
tance betWeen the pivot 106 and the actuator force and dis 
tance betWeen the pivot 106 and the polishing pad force, as 
explained beloW With reference to FIG. 2. 
[0035] FIG. 2 is a schematic vieW depicting a leverage arm 
design that employs a leverage arm ratio to relate the forces 
applied to the arm in accordance With an embodiment of the 
present invention. As discussed above With reference to FIG. 
1 and depicted in FIG. 2, a polishing pad force 202, an 
actuator force 204 and an arm Weight 206 may be applied to 
the arm 104. As discussed above in reference to FIG. 1, the 
arm 104 may be pivotally coupled to the pivot 106 as depicted 
in FIG. 2. The actuator force 204 may be located at an actuator 
force distance 208 from the pivot 106. The polishing pad 
force 202 may be located at a polishing pad force distance 210 
from the pivot 106. The location of the center of gravity 212 
of the arm 104 may be a Weight distance 214 from the pivot 
106. The Weight 206 ofthe arm 104 may vary as a function of, 
inter alia, the material and gauge of material used to construct 
it. The arm Weight 206 may approximately traverse the center 
of gravity 212 of the arm 104. Due to the distances, the forces 
applied to the arm may effectively create torques about the 
pivot 106. 
[0036] Because the arm 104 may rotate about the pivot 106, 
the polishing pad force 202, the actuator force 204 and the 
arm Weight 206 may form torques about the pivot 106. An 
actuator torque 214 due to the actuator force 204 may be 
approximately equal to the actuator force 204 multiplied by 
an actuator force distance 208. A polishing pad torque 216 
may be approximately equal to the polishing pad force 202 
multiplied by the polishing pad force distance 210. A Weight 
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torque 218 may be approximately equal to the arm Weight 206 
multiplied by the arm Weight distance 214. 
[0037] The arm Weight 206 may pull the arm 104 in a 
doWnWard direction (the direction of the force of gravity) 
While the polishing pad force 202 presses approximately 
upWard on the arm 104. The actuator force 204 may be in the 
approximately upWard or approximately doWnWard direction 
although it is depicted in the approximately upWard direction 
in FIG. 2. Thus, to reduce the polishing pad force 202, the 
actuator force 204 may be applied in the approximately 
upWard direction. To increase the polishing pad force 202 the 
actuator force 204 may be applied in the approximately 
doWnWard direction. The relationship betWeen a quantity of 
actuator force 204 and a quantity of the polishing pad force 
202 may be proportional to a leverage ratio of the distances of 
the forces. 
[0038] The leverage ratio of the leverage arm design may be 
a ratio of the distance betWeen tWo or more forces being 
applied to the arm 104. Speci?cally, the polishing pad force 
202 may be proportional to the leverage ratio of the polishing 
pad force distance 210 to the actuator force distance 208. 
Thus, if the actuator force distance 208 is smaller than the 
polishing pad force distance 210, the polishing pad force 202 
may be smaller than the actuator force 204. For example, the 
leverage ratio of the polishing pad force distance 210 to 
actuator force distance 208 may be about 10 to about 1 . In this 
example, and When the arm 104 is stationary, the actuator 
force 204 may be approximately ten times larger than the 
polishing pad force 202 although the actuator force 204 may 
be greater or smaller depending on the arm Weight 206. Thus, 
the leverage arm design may reduce the actuator force 204 to 
a polishing pad force 202. 
[0039] Reducing the actuator force 204 to a smaller polish 
ing pad force 202 With the leverage arm design may be 
desired. An increase in the actuator force 204 may not have a 
corresponding increase in variation in the actuator force. 
Also, an increase in the actuator force 204 may not increase 
variations of other forces applied to the arm 104 near the 
actuator 108. By reducing the actuator force 204 to a smaller 
polishing pad force 202 using the leverage ratio, the actuator 
force 204 may be increased to impart a desired polishing pad 
force 208. In this manner, variations associated With the 
actuator 108 and/ or other forces applied to the arm 104 may 
be reduced. Thus, the leverage ratio of the leverage arm 
design may improve the force to variation ratio, thereby 
improving the control over the polishing pad pressure. 
[0040] In addition, the reduction in the actuator force 204 to 
the polishing pad force 202 may alloW for greater selection in 
the actuator. For example, an actuator that applies a force 
range of about 5 lbs to about 50 lbs may be employed in a 
leverage arm design apparatus 100 that applies a polishing 
pad force 202 of about 0.5 lbs to about 5 lbs. Some applica 
tions of the leverage arm design apparatus 100 may prefer 
ably employ such force ranges. HoWever, relatively inexpen 
sive actuators able to apply a force range of about 0.5 lbs to 
about 5 lbs may not be available or may be prohibitively 
expensive. Thus, the leverage arm design may alloW for a 
reduction in material costs of the leverage arm design appa 
ratus 100 and/or employment of the leverage arm design 
apparatus 100 in loW doWn force applications. 
[0041] FIGS. 3A and 3B are schematic draWings depicting 
the conditioning disk coupled to the arm via a ?exible rotat 
able member in accordance an embodiment of the present 
invention. The polishing pad conditioner apparatus 300 may 



US 2009/0036035 A1 

employ a leverage arm design similar to the leverage arm 
design apparatus 100 described With reference to FIGS. 1-2. 
The polishing pad conditioner apparatus 300 depicted in FIG. 
3 may include the arm 104 coupled to the conditioning disk 
110 via a ?exible rotatable member 302. 

[0042] The ?exible rotatable member 302 may be adapted 
to impart a rotation to the conditioning disk 110 such that the 
conditioning disk 110 rotates relative to the arm 104. Further, 
the ?exible rotatable member 302 may also be adapted to ?ex 
When a non-uniform polishing pad pressure 304 is applied to 
the conditioning disk 110. The non-uniform polishing pad 
pressure 304 may be due to a surface of the conditioning disk 
110 and a surface of the polishing pad not being coplanar or 
other reasons. The non-uniform polishing pad pressure 304 
may also be due to other imperfections such as surface undu 
lations of the polishing pad. The conditioning disk 110 may 
tilt so as to alloW the non-uniform polishing pad pressure 304 
to change into a more uniform polishing pad pressure 304'. 
The more uniform polishing pad pressure 304' is not neces 
sarily perfectly uniform. A ?exed ?exible member 302' may 
alloW some non-uniformity to be present in the more uniform 
polishing pad pressure 304'. 
[0043] The ?exible rotatable member 302 may include one 
or more portions. For example, the ?exible rotatable member 
302 may include an approximately rigid shaft coupled to a 
?exible coupler (e. g., gimbal, rubber, etc.). The ?exible cou 
pler may be coupled betWeen the shaft and the conditioning 
disk 110. Conversely, the ?exible coupler may be coupled 
betWeen the shaft and the arm. The ?exible rotatable member 
302 may also be a single ?exible member that is able to ?ex 
When a non-uniform polishing pad pressure 304 is applied to 
the conditioning disk 110. 
[0044] FIG. 4 is a perspective draWing of a pad conditioner 
apparatus having an applied leverage arm design in accor 
dance With an embodiment of the present invention. The pad 
conditioner apparatus 400 may have a cylindrical base 402. 
The cylindrical base 402 may be pivotally coupled to a tubular 
arm 404 via a housed pivot 406. A pneumatic actuator 408 
may be coupled to the cylindrical base 402 and the tubular 
arm 404. The pneumatic actuator 408 may be coupled to the 
tubular arm 404 via an actuator housing 410. The tubular arm 
404 may be coupled to a rotatable conditioning disk 412 via a 
rotatively driven member 414. The pad conditioner apparatus 
400 may also include a rounded actuator cover 416 coupled to 
the actuator housing 410. In some embodiments of the present 
invention, a pad conditioner apparatus 400 and associated 
components may be made from various different materials 
including aluminum, stainless steel, carbon steel, polyvinyl 
chloride (PVC), polyethylene terephthalate (PET), etc. 
[0045] In operation, the pad conditioner apparatus 400 may 
employ a leverage arm design that may be similar to the 
leverage arm design apparatus 100 employing the leverage 
ratio described With reference to FIGS. 1 and 2. The pneu 
matic actuator 408 may apply a pneumatic actuator force to 
the actuator housing 410. A Weight of the tubular arm 404 
and/ or the pneumatic actuator force may be employed to press 
the rotatable conditioning disk 412 into the polishing pad 
With a rotatable conditioning disk force. The pneumatic 
actuator force may be linearly proportional to a polishing pad 
force due to the applied leverage arm design. Further, the 
rotatable conditioning disk 412 may rotate While pressed into 
the polishing pad. 
[0046] In an embodiment, the tubular arm 404 may have a 
portion Without Welds and/or seals. By employing such a 
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portion, the tubular arm 404 may provide an improved seal to 
shield an internal region of the tubular arm 404 from contami 
nants such as slurry and/ or other matter. Shielding the internal 
region of the tubular arm 404 may be desired so as to ensure 
that components such as sensors, motors and/or the like are 
not undesirably contaminated. In addition, the rounded top 
surface of the tubular arm 404 may employ gravity to remove 
a portion of contaminants that may be present on a surface of 
the tubular arm 404. Such contamination may undesirably 
affect the performance of the components employed by the 
pad conditioner apparatus 400. 
[0047] To further address possible contamination, the pad 
conditioner apparatus 400 may also include a rounded actua 
tor cover 416. The rounded actuator cover 416 may alloW 
portions of the contamination on a surface of the rounded 
actuator cover 416 to slide off the surface. Thus, the contami 
nation may not accumulate on the surface of the rounded 
actuator cover 416. This may be desired to reduce the possi 
bility of contamination of the components of the pad condi 
tioner apparatus 400. 
[0048] In some embodiments, the rotatable conditioning 
disk 412 may be alloWed to tilt. The rotatively driven member 
414 may be coupled to a ?exible mechanism similar to the 
?exible rotatable member 302 described With reference to 
FIG. 3. An embodiment that alloWs the conditioning disk 412 
to tilt is described in more detail beloW With reference to FIG. 
5. 

[0049] FIG. 5 is a detailed perspective draWing depicting a 
portion, including the rotatable conditioning disk, of the pad 
conditioner apparatus in accordance With an embodiment of 
the present invention. The pad conditioner apparatus 400 may 
include a rotatively driven member 414 as described above 
With reference to FIG. 4. The rotatively driven member 414 
may be coupled to a rotatable conditioning disk 412 via a 
gimbal 502. 
[0050] Still With reference to FIG. 5, the rotatively driven 
member 414 may impart a rotation to the rotatable condition 
ing disk 412 via the gimbal 502. The gimbal 502 may be 
adapted to move or ?ex so as to alloW the rotatable condition 
ing disk 412 to tilt When a non-uniform pressure is applied to 
a surface of the rotatable conditioning disk 412. In some 
embodiments, in place of a gimbal 502, a ?exible sheet or disk 
of material may be used. The ?exible sheet or disk may 
include a central top attachment point that may be coupled to 
the rotatively driven member 414 and a loWer peripheral 
surface that may be coupled to the rotatable conditioning disk 
412. In alternative embodiments, the ?exible sheet or disk 
may be inverted and attached to the rotatable conditioning 
disk 412 at the center and to the rotatively driven member 414 
at the periphery. Thus, the radial ?exibility of the ?exible 
sheet or disk may alloW the rotatable conditioning disk 412 to 
tilt relative to the rotatively driven member 414. Therefore, 
similar to the polishing pad conditioner apparatus 300 
described With reference to FIG. 3, the pressure applied to a 
surface of the rotatable conditioning disk 412 may become 
more uniform. 

[0051] In some embodiments, the gimbal 502 may be 
replaced by alternative means of ?exing. For example, the 
gimbal 502 may be a ?exible joint coupled to the rotatively 
driven member 414 and the rotatable conditioning disk 412. 
In alternative embodiments, the ?exible portion, similar to the 
?exible rotatable member 302 described in reference to FIG. 
3, may be coupled to the tubular arm 404 and the rotatively 
driven member 414. 
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[0052] Returning to FIG. 4, the pad conditioner apparatus 
400 may also include the pneumatic actuator 408. The pneu 
matic actuator 408 may include a metal seal pneumatic cyl 
inder coupled to a rod. The rod may be coupled to the tubular 
arm 404. Although the pneumatic actuator 408 may be actu 
ated by compressed air, any suitable means may be employed. 
For example, the pneumatic actuator 408 may be replaced by 
a hydraulic actuator motivated by hydraulic pressure. Alter 
natively, the pneumatic actuator 408 may be a stepper motor 
motivated by electrical poWer. 
[0053] The rod may apply the pneumatic actuator force to 
the arm such that the pneumatic actuator force is linearly 
related to any displacement of the rod. As discussed above, 
the pneumatic actuator force may be employed to apply a 
rotatable conditioning disk force to the polishing pad. The 
linearly proportional pneumatic actuator force may be 
desired to ensure a more controllable rotatable conditioning 
disk force. For example, if the pneumatic actuator force is 
linearly proportional to the displacement of the rod, then it 
may be possible to correlate the rotatable conditioning disk 
force With the displacement of the rod. The manner in Which 
the pneumatic actuator 408 may apply a force and be coupled 
to the tubular arm 404 and to the cylindrical base 402 is 
described in more detail beloW With reference to FIG. 6. 

[0054] FIG. 6 is a detailed perspective draWing of a portion 
of the pad conditioner apparatus having an applied leverage 
arm design in accordance With an embodiment of the present 
invention. The pad conditioner apparatus 400 may include a 
base extension 602. The base extension 602 may be coupled 
to the cylindrical base 402. A base rod 604 may be coupled to 
the base extension 602 and the pneumatic actuator 408. An 
arm rod 606 may be coupled to the actuator housing 410. A 
pivot member 608 may be coupled to the housed pivot 406 
and the actuator housing 410. 
[0055] In operation, the pneumatic actuator 408 may apply 
a force to the base extension 602 via the base rod 604 and the 
actuator housing 410 via the arm rod 606. The force may 
cause the tubular arm 404, actuator housing 410 and pivot 
member 608 to pivot about the housed pivot 406. Thereby the 
force may be employed to apply a rotatable conditioning disk 
force to the polishing pad as described With reference to FIG. 
4. 

[0056] FIG. 7 is a schematic vieW of a conditioner feedback 
apparatus employed to press a conditioning disk into a pol 
ishing pad With an arm and an actuator, and provide a signal 
indicative of the force applied to the polishing pad, in accor 
dance With an embodiment of the present invention. A con 
ditioner feedback apparatus 700 may be similar to the lever 
age arm design apparatus 100 described With reference to 
FIG. 1. The polishing pad conditioner feedback apparatus 
700 may have a feedback actuator 702 coupled to the arm 104 
via a force transducer 704. The feedback actuator 702 may 
also be coupled to the base 102. 
[0057] In a manner similar to the leverage arm design appa 
ratus 100, the feedback actuator 702 may apply a force to the 
arm 104 via the force transducer 704. The force may be 
measured by the force transducer 704. The force transducer 
704 may provide a signal to a controller 706 indicative of the 
force applied to the arm 104 by the feedback actuator 702. 
The signal indicative of the force applied to the arm 104 may 
be proportional to the force applied to the polishing pad by the 
conditioning disk 110 due to the leverage ratio as described 
With reference to FIGS. 1 and 2. The controller 706 may be 
coupled to the feedback actuator 702 to send a control signal 
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to the feedback actuator 702 to adjust the force applied to the 
arm 104 in response to the signal from the force transducer 
7 04. 

[0058] In alternative embodiments, the force transducer 
704 may be disposed in other suitable locations. For example, 
the force transducer 704 may be disposed betWeen the feed 
back actuator 702 and the base 102. In yet another embodi 
ment, the force transducer 704 may be coupled to the condi 
tioning disk 110 so as to measure the polishing pad force 
directly. In such an embodiment, the leverage ratio may not be 
employed to determine the polishing pad force. 
[0059] FIG. 8 is a detailed perspective draWing depicting a 
pad conditioner feedback apparatus employing a force trans 
ducer in accordance With an embodiment of the present 
invention. The pad conditioner feedback apparatus 800 may 
be similar to the pad conditioner apparatus 400 described 
With reference to FIGS. 4-6 and the conditioner feedback 
apparatus 700 described With reference to FIG. 7. The pad 
conditioner feedback apparatus 800 may include a transducer 
802. The transducer 802 may be physically coupled to the 
base rod 604 and the base extension 602 and electrically 
coupled to a controller. 

[0060] Similar to the pad conditioner apparatus 400 
described With reference to FIG. 6, the pneumatic actuator 
410 may apply a force to the base extension 602. The trans 
ducer 802 may measure the force and provide a signal to a 
controller (not shoWn) indicative of the force. The transducer 
802 may be, for example, a load cell strain gage manufactured 
by Measurement Specialties, Inc. of Hampton, Va. or Honey 
Well Sensing and Control of Golden Valley, Minn. A range of 
the force that the transducer may measure may be from about 
—1 50 lbs to about +150 lbs. The controller may use the signal 
to adjust the amount of force being applied by the pneumatic 
actuator 410. 

[0061] Still With reference to FIG. 8, similar to the condi 
tioner feedback apparatus 700 describe With reference to FIG. 
7, the transducer 802 may be disposed in different locations. 
For example, the transducer 802 may be coupled to the arm 
rod 606. In such an embodiment, the transducer 802 may be 
disposed betWeen the pneumatic actuator 410 and the arm rod 
606. Alternatively, the transducer 802 may be disposed 
betWeen the arm rod 606 and the actuator housing 410. 

[0062] FIG. 9 is a schematic draWing of a driven condition 
ing apparatus having a motor to rotate the conditioning disk in 
accordance With an embodiment of the present invention. The 
driven conditioning apparatus 900 may have a leverage 
design similar to embodiment 100. In addition, the driven 
conditioning apparatus 900 may include a driving mechanism 
902. The driving mechanism 902 may be rotatively coupled to 
the conditioning disk 110 via the rotatable member 112. A 
Weight of the driving mechanism 902 may be combined With 
the arm Weight 206 such that a combined Weight 904 may be 
formed. The combined Weight 904 may be located at a com 
bined center of gravity 906. 

[0063] The driving mechanism 902 may be adapted to 
rotate the conditioning disk 110 via the rotatable member 
112. The driving mechanism 902 may rotate the conditioning 
disk 110 While the conditioning disk 110 is pressing into a 
polishing pad. In some embodiments, a rotation frequency 
(e.g., revolutions per minute (rpm)) of a portion of the driving 
mechanism 902 may be approximately equal to a condition 
ing disk 110 rotation frequency. In the same or alternative 
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embodiments, the rotation frequency of a portion of the driv 
ing mechanism 902 may be different than the conditioning 
disk 110 rotation frequency. 
[0064] A Weight of the driving mechanism 902 may be 
added to the arm Weight 206. For example, the Weight of the 
driving mechanism 902 may be added to the arm Weight 206 
to form an aggregate Weight 904. The aggregate Weight 904 
may be different than the Weight of the arm 104. In addition, 
the distance of the combined center of gravity 906 from the 
pivot 106 may be different than the center of gravity 212. 
Thus, the leverage ratio, discussed in detail With reference to 
FIG. 2, may be different When the driving mechanism 902 is 
coupled to the distal end of the arm 104. Speci?cally, the 
distance of the aggregate Weight 904 from the pivot 106 may 
be greater than the Weight distance 214 discussed With refer 
ence to FIG. 2. Consequently, the leverage ratio may be 
increased When the aggregate Weight 904 is further from the 
pivot than the center of gravity 212. 
[0065] The driving mechanism 902 may be a motor or 
another suitable driving mechanism. For example, the driving 
mechanism 902 may be an electrical motor. In alternative 
embodiments, the driving mechanism 902 may be a pneu 
matically driven motor. In further alternative embodiments, 
the driving mechanism may be a direct drive motor, Which 
may be coupled to a planetary gear. 
[0066] FIG. 10 is a detailed perspective draWing of a motor 
coupled to the rotatable conditioning disk and the tubular arm 
in accordance With an embodiment of the present invention. A 
motor 1002 may be coupled to the tubular arm 404 and the 
rotatively driven member 414. Similar to the pad conditioner 
apparatus 400 discussed With reference to FIGS. 4 and 5, the 
rotatively driven member 414 may be coupled to the rotatable 
conditioning disk 412 via the gimbal 502. 
[0067] The motor 1002 may be a direct drive motor or 
another suitable motor. In other embodiments, the motor 
1002 may be coupled to a planetary gear. The motor 1002 may 
be directly coupled to the rotatively driven member 414 so as 
to rotate the rotatable conditioning disk 412 at about the same 
rotation frequency as a rotatable portion of the motor 1002. In 
other embodiments, the motor 1002 may be coupled to the 
rotatable conditioning disk 412 such that the rotation fre 
quency of the rotatable portion of the motor 1002 may be 
different than the rotation frequency of the rotatable condi 
tioning disk 412. 
[0068] The foregoing description discloses only exemplary 
embodiments of the invention. Modi?cations of the above 
disclosed apparatus and method Which fall Within the scope of 
the invention Will be readily apparent to those of ordinary skill 
in the art. For instance, an actuator may be disposed in other 
locations relative to the base. The actuator may be coupled to 
the arm and something other than the base so as to apply a 
polishing pad pressure. 
[0069] Accordingly, While the present invention has been 
disclosed in connection With exemplary embodiments 
thereof, it should be understood that other embodiments may 
fall Within the spirit and scope of the invention, as de?ned by 
the folloWing claims. 

The invention claimed is: 
1. An apparatus for conditioning a polishing pad compris 

ing: 
a base; 
an arm pivotally coupled to the base and adapted to support 

a conditioning disk; and 
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an actuator coupled to the base and the arm, and adapted to 
cause the arm to press the conditioning disk against the 
polishing pad With a linearly variable amount of force. 

2. The apparatus of claim 1, Wherein the actuator includes 
a sealed pneumatic cylinder coupled to a rod. 

3. The apparatus of claim 1, Wherein the conditioning disk 
is coupled to the arm further from the pivot than the actuator 
is coupled to the arm. 

4. The apparatus of claim 3, Wherein a ratio of a distance of 
the conditioning disk to the pivot along the arm and a distance 
of the actuator to the pivot along the arm is at least approxi 
mately 10:1. 

5. The apparatus of claim 1, further comprising a force 
transducer coupled to the arm and the actuator and situated 
betWeen the arm and the actuator, and adapted to measure a 
force applied to the arm by the actuator. 

6. The apparatus of claim 1, further comprising a further 
actuator coupled to the base and the arm, and adapted to cause 
the arm to press the conditioning disk against the polishing 
pad With a linearly variable amount of force. 

7. A method for conditioning a polishing pad comprising: 
producing a ?rst force With an actuator; 
scaling the ?rst force by a linearly variable amount to a 

second force that is applied to a polishing pad by a 
conditioning disk. 

8. The method of claim 7 further comprising: 
pressing the conditioning disk into the polishing pad. 
9. The method of claim 7 further comprising: 
providing a signal indicative of the ?rst force produced by 

the actuator to a controller; and adjusting the ?rst force 
based on the signal. 

10. The method of claim 7 further comprising: 
tilting the conditioning disk When a non-uniform pressure 

is applied to a surface of the conditioning disk. 
11. A method for conditioning a polishing pad comprising: 
providing a drive mechanism having a rotary motion; and 
transmitting the rotary motion to a conditioning disk via a 

?exible coupling that alloWs the conditioning disk to tilt 
While rotating the conditioning disk. 

12.An apparatus for conditioning a polishing pad compris 
ing: 

an arm adapted to support a conditioning disk; 
a drive mechanism coupled to the arm; and 
a ?exible coupling betWeen the drive mechanism and the 

conditioning disk adapted to alloW the conditioning disk 
to tilt While transmitting rotary motion from the drive 
mechanism to the conditioning disk. 

13. The apparatus of claim 12, Wherein the ?exible cou 
pling includes a disk. 

14. The apparatus of claim 13, Wherein the disk is one 
piece. 

15. The apparatus of claim 13, Wherein the disk is plastic. 
16. The apparatus of claim 13, Wherein the drive mecha 

nism is coupled to a center portion of the disk. 
17. The apparatus of claim 13, Wherein the conditioning 

disk is coupled to an outer portion of the disk. 
18. The apparatus of claim 13, Wherein the drive mecha 

nism is coupled to an outer portion of the disk. 
19. The apparatus of claim 13, Wherein the conditioning 

disk is coupled to a center portion of the disk. 
20. The apparatus of claim 12, Wherein the ?exible cou 

pling includes a shaft. 

* * * * * 


