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(57) ABSTRACT 

A substrate processing method is used to polish a Substrate. 
The Substrate processing method includes rotating a substrate 
13 by a motor 12, polishing a first surface of a peripheral 
portion of the Substrate 13 by pressing a polishing Surface of 
a polishing mechanism 20 against the first Surface, determin 
ing a polishing end point of the first Surface by monitoring a 
polished State of the first Surface, stopping the polishing 
according to the determining the polishing end point, deter 
mining a polishing time spent for the polishing, determining 
a polishing time for a second Surface of the peripheral portion 
based on the polishing time of the first Surface, and polishing 
the second Surface for the determined polishing time. 
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SUBSTRATE PROCESSING METHOD AND 
SUBSTRATE PROCESSINGAPPARATUS 

0001. This is a continuation of U.S. patent application Ser. 
No. 1 1/187,024, filed Jul 22, 2005. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a substrate process 
ing method and a Substrate processing apparatus, and more 
particularly to a Substrate processing method and a substrate 
processing apparatus for polishing a peripheral portion of a 
Substrate to remove an unwanted film and planarize an uneven 
Surface. 
0004 2. Description of the Related Art 
0005. In a large scale integrated circuit, various kinds of 
micromachining techniques have recently been studied and 
developed. In the design rule, micromachining on a Submi 
cron order has already been realized. As the need for a finer 
structure has become more severe, management of particles 
and impurity concentration has also become strict. In addi 
tion, it has been increasingly important to manage a periph 
eral portion as well as front and rear Surfaces of a Substrate. 
Under Such circumstances, an etching technique using a 
chemical liquid and a polishing technique of removing an 
unwanted film from a substrate have been applied to a method 
of processing a peripheral portion of a Substrate. Particularly, 
the polishing technique is excellent in removing a high 
chemical resistant material and in planarizing an uneven Sur 
face, and is therefore widely used in various kinds of pro 
CCSSCS. 

0006. This kind of polishing technique removes a film on 
a Substrate by bringing a polishing Surface of a polishing tool 
into sliding contact with the Substrate at a certain pressure. As 
disclosed in Japanese laid-open patent publication No. 2003 
234314, there are two types in this kind of polishing method: 
one is conducted while Supplying polishing liquid, i.e., slurry, 
containing abrasive particles onto a contact portion between a 
Substrate and a polishing Surface of a polishing cloth Such as 
a nonwoven fabric, and the other is conducted while Supply 
ing pure water onto a contact portion between a Substrate and 
a polishing Surface of a polishing tape having abrasive par 
ticles fixed thereto. 
0007. However, there are some problems in these polish 
ing methods when polishing the peripheral portion of the 
Substrate. Generally, a film on a peripheral portion of a Sub 
strate is not uniform in thickness, and the Surface of the 
peripheral portion has irregularities with different heights. 
Further, the abrasive particles are not uniformly distributed 
over the peripheral portion, and the polishing cloth does not 
have a uniform structure. Thus, if polishing is performed in a 
fixed period of time, the surface of the peripheral portion 
cannot be uniformly finished. Specifically, the film, to be 
polished, may remain on the peripheral portion and the 
uneven Surface may not be sufficiently planarized due to a 
lack of polishing, or a profile of the peripheral portion may 
change due to excessive polishing. 
0008. In a practical apparatus, a peripheral portion of a 
semiconductor Substrate is polished as follows. A semicon 
ductor Substrate is attracted and held by a rotating stage and 
then the rotating stage is rotated. A polishing Surface, which 
is attached to a polishing head, is brought into contact with the 
peripheral portion of the semiconductor Substrate and presses 
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the peripheral portion while pure water or apolishing liquid is 
being Supplied onto the semiconductor Surface, thereby pol 
ishing the peripheral portion. In this kind of apparatus, the 
semiconductor Substrate is placed onto the center of the rotat 
ing stage by a transfer system such as a transfer robot. How 
ever, the semiconductor substrate may deviate from the center 
of the rotating stage due to several causes such as an error in 
repetitive operation of the transfer system, an abnormal 
operation of the transfer system, and an anomaly in a Sub 
strate holding mechanism during polishing. 
0009. The deviation from the center of the rotating stage 
causes instability in contact between the polishing tape and 
the Substrate, and also causes instability in pressure applied to 
the substrate. As a result, a finished state of the peripheral 
portion is uneven, and, in the worst case, the Substrate may 
crack during polishing. Therefore, it is necessary to grasp a 
degree of the anomaly in polishing so as to take appropriate 
CaSUS. 

SUMMARY OF THE INVENTION 

0010. The present invention has been made in view of the 
above drawbacks. It is therefore an object of the present 
invention to provide a substrate processing method and a 
Substrate processing apparatus which can polish a peripheral 
portion of a Substrate without causing a lack of polishing or 
excessive polishing. 
0011. Another object of the present invention is to provide 
a Substrate processing method and a substrate processing 
apparatus which can detect an anomaly in polishing of a 
peripheral portion of a Substrate and can thus prevent an 
uneven finish and Substrate cracking. 
0012. In order to solve the above drawbacks, according to 
one aspect of the present invention, there is provided a Sub 
strate processing method comprising rotating a Substrate by a 
motor, polishing a first Surface of a peripheral portion of the 
Substrate by pressing a polishing Surface of a polishing 
mechanism against the first Surface, determining a polishing 
endpoint of the first surface by monitoring a polished state of 
the first Surface, stopping the polishing according to the deter 
mining the polishing end point, determining a polishing time 
spent for the polishing, determining a polishing time for a 
second surface of the peripheral portion based on the polish 
ing time of the first Surface, and polishing the second Surface 
for the determined polishing time. 
0013. According to another aspect of the present inven 
tion, there is provided a Substrate processing method com 
prising rotating the Substrate by a motor, polishing the periph 
eral portion of the Substrate by pressing a polishing Surface of 
a polishing mechanism against the peripheral portion, moni 
toring a load of the motor, measuring an average load per unit 
time of the motor and a load fluctuation magnitude with 
respect to the average load, comparing the load fluctuation 
magnitude with a threshold, and determining an occurrence 
of an anomaly in the polishing when the load fluctuation 
magnitude exceeds the threshold. 
0014. According to another aspect of the present inven 
tion, there is provided a Substrate processing method com 
prising rotating a Substrate by a motor, polishing a peripheral 
portion of the Substrate by pressing a polishing Surface of a 
polishing mechanism against the peripheral portion, monitor 
ing a load of the motor, measuring an average load per unit 
time of the motor and a load fluctuation magnitude with 
respect to the average load, detecting a load changing point at 
which the average load exceeds a predetermined value, and 
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determining a polishing end time of the peripheral portion 
based on the load changing point and the load fluctuation 
magnitude. 
0015. According to another aspect of the present inven 

tion, there is provided a substrate processing apparatus com 
prising a motor for rotating a Substrate, a polishing mecha 
nism for polishing a first Surface of a peripheral portion of the 
Substrate by pressing a polishing Surface of the polishing 
mechanism against the first Surface, and an arithmetic unit for 
calculating a polishing time of the peripheral portion. The 
arithmetic unit is designed to determine a polishing endpoint 
of the first surface by monitoring a polished state of the first 
Surface, determining a polishing time spent in polishing the 
first Surface, and determine a polishing time for a second 
Surface of the peripheral portion based on the polishing time 
of the first surface. 
0016. According to the present invention described above, 
the polishing end point of the first surface of the peripheral 
portion is firstly determined, and then the polishing time of 
the second surface is determined according to the polishing 
time of the first surface. With this method, the second surface 
as well as the first surface can be accurately polished by an 
appropriate amount. Therefore, it is possible to prevent the 
unwanted film and the irregularities from remaining on the 
Substrate due to a lack of polishing, and also to prevent a 
profile of the peripheral portion from changing due to exces 
sive polishing. Accordingly, a desired profile of the peripheral 
portion of the substrate can be realized. 
0017. Further, according to the present invention, the 
anomaly in polishing can be detected by monitoring the load 
of the motor during polishing and by measuring the load 
fluctuation magnitude with respect to the average load of the 
motor. Accordingly, it is possible to prevent an uneven finish 
of the peripheral portion and the Substrate cracking due to 
deviation of the substrate from the center of the rotating stage. 
0018. Furthermore, according to the present invention, the 
polishing end time is determined based on the load changing 
point and the load fluctuation magnitude. With this method, 
polishing can be performed in a manner that gives consider 
ation to nonuniform film thickness, irregularities with differ 
ent heights, unevenly distributed abrasive particles, and a 
nonuniform structure of a polishing cloth. It is therefore pos 
sible to prevent the unwanted film and the irregularities from 
remaining on the Substrate due to a lack of polishing, and also 
to prevent a profile of the peripheral portion from changing 
due to excessive polishing. Accordingly, a desired profile of 
the peripheral portion of the substrate can be realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a schematic view showing a substrate 
processing apparatus used in a first embodiment of the 
present invention; 
0020 FIGS. 2A and 2B are cross-sectional views each 
showing a peripheral portion of a semiconductor Substrate; 
0021 FIG. 3 is a graph showing a manner in which a load 
signal (torque) of a motor changes with the passage of time; 
0022 FIG. 4 is a flowchart illustrating a polishing opera 
tion according to the first embodiment of the present inven 
tion; 
0023 FIG. 5 is a schematic view showing a modified 
example of the Substrate processing apparatus using a tem 
perature sensor according to the first embodiment of the 
present invention; 
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0024 FIGS. 6A and 6B are graphs each showing a manner 
in which the load signal of the motor changes during polish 
ing in a second embodiment of the present invention, FIG.6A 
showing a normal state, and FIG. 6B showing an abnormal 
state; and 
0025 FIG. 7 is a flowchart illustrating a polishing opera 
tion according to the second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0026. Embodiments of the present invention will be 
described below with reference to the drawings. 

First Embodiment 

0027 FIG. 1 shows a schematic view of a substrate pro 
cessing apparatus used in a first embodiment of the present 
invention. The Substrate processing apparatus comprises a 
disk-shaped rotating stage 11 disposed horizontally. The 
rotating stage 11 is rotated about its own axis by a motor 12. 
A semiconductor Substrate 13, which has a larger diameter 
than the rotating stage 11, is placed on the rotating stage 11 in 
such a state that the center of the semiconductor substrate 13 
is aligned with the center of the rotating stage 11. The semi 
conductor substrate 13 is held on the rotating stage 11 by a 
Substrate holding mechanism such as an electrostatic chuck 
or a vacuum chuck. The load of the motor 12 is detected by a 
torque sensor or the like, and is calculated by an arithmetic 
unit 14. In this embodiment, a single ammeter is used to 
monitor a change in electric current flowing into the motor 12 
to thereby detect a change in the load of the motor 12. In this 
case, by filtering slight deflection and noise of the electric 
current, an overall change of the electric current flowing into 
the motor 12 can be monitored. A nozzle 15 is provided above 
the center of the rotating stage 11 So that pure water is Sup 
plied onto an upper Surface (i.e., a front Surface) of the semi 
conductor substrate 13. 
0028. A polishing mechanism 20 is provided radially out 
wardly of the rotating stage 11 at a position close to the 
semiconductor substrate 13. The polishing mechanism 20 
comprises a polishing head 22, a polishing tape 21 to which 
abrasive particles are fixed, and a pressure cylinder (not 
shown) for moving the polishing head 22 toward the rotating 
stage 11. The polishing tape 21 is in contact with a stage-side 
portion of the polishing head 22, and is moved vertically in a 
longitudinal direction thereof by a non-illustrated winding 
reel. When the semiconductor substrate 13 is to be polished, 
the pressure cylinder moves the polishing head 22 toward the 
semiconductor Substrate 13 to press the polishing tape 21 
against a peripheral portion of the semiconductor Substrate 
13. The pure water is supplied from the nozzle 15 onto the 
surface of the semiconductor substrate 13, and the motor 12 
rotates the semiconductor substrate 13 attracted to the rotat 
ing stage 11 at a predetermined rotational speed. 
0029. In the above-mentioned substrate processing appa 
ratus, the semiconductor Substrate 13 is concentrically posi 
tioned on the rotating stage 11 by a non-illustrated transfer 
robot. After being polished, the semiconductor substrate 13 is 
removed from the Substrate processing apparatus by the trans 
fer robot. 
0030 FIG. 2A is a cross-sectional view showing the 
peripheral portion of the semiconductor substrate 13 before 
being polished. In FIG. 2A, a reference numeral 31 represents 
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a Si substrate, a reference numeral 32 represents a SiN film, a 
reference numeral 33 represents an end surface (a first sur 
face) substantially perpendicular to the front surface of the Si 
substrate 31, a reference numeral 34 represents an upper 
sloping Surface, and a reference numeral 35 represents a 
lower sloping Surface. Both the upper sloping Surface 34 and 
the lower sloping surface 35 constitute a second surface. The 
SiN film 32 on the peripheral portion of the Si substrate 31 is 
an object to be polished. 
0031 FIG. 2B is a cross-sectional view showing the 
peripheral portion of the semiconductor substrate 13 which 
has been polished by the Substrate processing apparatus 
shown in FIG.1. FIG. 2B also shows the peripheral portion at 
a polishing end point polished by the polishing tape 21 with 
diamond abrasive particles having a grain size of #4000. As 
shown in FIG. 2B, the SiN film 32 is removed from the 
peripheral portion of the Si substrate 31. 
0032 FIG. 3 shows a manner in which a load signal 
(torque) of the motor 12 changes with the passage of time 
during polishing of the peripheral portion of the semiconduc 
tor substrate 13. In this embodiment, the polishing tape 21 is 
repetitively brought into and out of contact with the periph 
eral portion at predetermined time intervals. Each time the 
polishing tape 21 is out of contact, the polishing tape 21 is 
slightly moved in the longitudinal direction thereof. The pol 
ishing tape 21 is pressed against the end Surface (first Surface) 
33 of the substrate by the polishing head 22. In FIG. 3, a 
reference numeral 41 refers to graph points showing a state in 
which the polishing tape 21 is out of contact, a reference 
numeral 42 refers to graph points showing a state in which the 
polishing tape 21 is in contact, and a reference numeral 43 
shows an average load per unit time of the motor during 
polishing. 
0033. As polishing proceeds, the unwanted film is 
removed and the uneven Surface is planarized. Specifically, as 
shown in FIG. 3, after a certain time has elapsed from a start 
of polishing, the average load 43 of the motor 12 becomes 
stable. Near the polishing end point, the average load 43 
increases Suddenly, and after the polishing end point, the 
average load 43 becomes stable again. Therefore, in theory, a 
polishing end time can be determined based on a great chang 
ing point of the average load 43. 
0034. However, the peripheral portion of the semiconduc 
tor substrate has the end surface (vertical surface) 33 and the 
sloping surfaces 34 and 35, as shown in FIG. 2A. Thus, when 
polishing the surface other than the end surface 33, a contact 
area between the polishing Surface of the polishing tape 21 
and the semiconductor Substrate 13 changes as polishing 
proceeds. Therefore, it is difficult to determine the polishing 
end time of all surfaces of the peripheral portion from the 
change in the average load of the motor 12. 
0035. In this embodiment, in order to accurately deter 
mine the polishing end time of the entire peripheral portion, 
the polished State is monitored based on the average load of 
the motor 12. Specifically, the average load of the motor 12 is 
used to determine the polishing end point of the end Surface 
33, and a polishing time spent in polishing the end surface 33 
is determined from the polishing endpoint. Then, a polishing 
time for the upper sloping Surface 34 and the lower sloping 
surface 35 is determined based on the polishing time of the 
end surface 33, a profile of the semiconductor substrate 13, 
and information about the thickness of the film that is to be 
removed. For example, the polishing time of the upper slop 
ing surface 34 and the lower sloping surface 35 is set equal to 
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the polishing time of the end surface 33, or is set to about 1.5 
times the polishing time of the end surface 33. Typically, the 
polishing time of the upper sloping Surface 34 and the lower 
sloping surface 35 is set to 1.1 to 2.5 times, or preferably 1.3 
to 2.0 times the polishing time of the end surface 33. Depend 
ing on the material of the Substrate, the polishing time of the 
upper sloping surface 34 and the lower sloping surface 35 
may have to be shorter than the polishing time of the end 
surface 33. In such a case, the above-mentioned value is set to 
less than 1.0 times according to the material of the substrate. 
In a case where a substrate has a rounded cross section unlike 
the shape illustrated in FIG. 2A, "end surface” means a top 
portion of Such a rounded cross section of the Substrate. 
0036 FIG. 4 is a flowchart illustrating a polishing opera 
tion according to the first embodiment of the present inven 
tion. 
0037 First, the rotating stage 11 attracts the semiconduc 
tor substrate 13 and is rotated by the motor 12 at a constant 
speed. Then, the polishing head 22 is moved toward the 
semiconductor Substrate 13 to bring the polishing tape 21 into 
contact with the end surface 33 of the peripheral portion of the 
semiconductor substrate 13. The polishing tape 21 is pressed 
against the end surface 33 at a certain pressure to thereby start 
polishing the end surface 33 (STEP1). The polishing tape 21 
is repetitively brought into and out of contact with the semi 
conductor substrate 13 at intervals of, for example, 5 seconds. 
When in contact, the polishing tape 21 polishes the semicon 
ductor Substrate 13, and when out of contact, the polishing 
tape 21 is moved vertically. In this manner, the polishing 
mechanism 20 polishes the peripheral portion of the semicon 
ductor Substrate 13 by bringing the polishing Surface into 
contact with the peripheral portion. When the semiconductor 
substrate 13 is being polished, the load signal of the motor 12 
is monitored continuously or intermittently, and the average 
load is measured (STEP 2). 
0038. The arithmetic unit 14 judges whether or not the 
average load changed greatly (STEP 3). Specifically, the 
arithmetic unit 14 judges whether or not the average load 
exceeded a predetermined value. If the average load does not 
exceed the predetermined value, polishing is continued. If the 
average load has increased to exceed the predetermined 
value, the arithmetic unit 14 determines this point as the 
polishing end point, and then polishing is stopped. At this 
time, the arithmetic unit 14 determines the polishing time 
spent in polishing the end surface 33 (STEP 4). 
0039. The great change in the average load indicates that, 
for example, the SiN film 32 has been removed and the Si 
substrate 31 underneath exposed on the surface. However, at 
this point, a part of the SiN film 32 may remain on the Si 
substrate 31, and therefore such point may not be appropriate 
as the polishing end point. Thus, in order to accurately judge 
the polishing end point, it is preferable to select a point at 
which a predetermined time has elapsed from a point at which 
the average load increased greatly, or to select a point at which 
the average load is stabilized after it increased greatly. For 
example, the polishing end time can be a point at which 0 to 
60 seconds, or preferably 0 to 30 seconds, have elapsed from 
a load changing point at which the average load exceeds the 
predetermined value. 
0040. Next, the polishing time of the upper sloping surface 
34 and the lower sloping surface 35 is determined based on 
the polishing time of the end surface 33 (STEP 5). As 
described above, the polishing time of the upper sloping 
surface 34 and the lower sloping surface 35 is set equal to the 
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polishing time of the end surface 33, for example. The pol 
ishing head 22 is inclined along the upper sloping Surface 34. 
and then polishes the upper sloping surface 34 for the deter 
mined polishing time (STEP 6). Subsequently, the polishing 
head 22 is inclined along the lower sloping surface 35, and 
then polishes the lower sloping surface 35 for the determined 
polishing time (STEP 7). Thereafter, in order to further pla 
narize the peripheral portion of the semiconductor substrate 
13, the polishing mechanism 20 may be moved along the 
entire peripheral portion for a certain time to polish the 
peripheral portion. 
0041. In this manner, based on the profile of the peripheral 
portion of the semiconductor substrate 13, three-surface pol 
ishing (i.e., upper sloping Surface polishing, end Surface pol 
ishing, and lower sloping Surface polishing) is performed by 
the polishing head 22, which is fixed in position at the surface 
to be polished. In this three-Surface polishing, the upper and 
lower sloping Surfaces are polished for a certain time which 
was determined based on the polishing time of the end Sur 
face. Finally, the polishing mechanism 20 is moved along the 
entire peripheral portion so as to polish the peripheral portion. 
According to Such a polishing sequence, the SiN film 32 can 
be completely removed from the peripheral portion of the 
semiconductor Substrate without greatly changing the origi 
nal profile of the peripheral portion. Specifically, the method 
and the apparatus of this embodiment do not cause insuffi 
cient polishing or excessive polishing, and canthus polish the 
peripheral portion by an appropriate amount. 
0042 Generally, after three-surface polishing (i.e., upper 
sloping Surface polishing, end Surface polishing, and lower 
sloping Surface polishing) is performed, angular portions are 
formed on the peripheral portion of the semiconductor sub 
strate, as shown in FIG. 2B. If these angular portions are 
sharp, a part of the semiconductor Substrate is likely to be 
chipped. Therefore, it is preferable that the polishing head 22 
with the polishing tape 21 is moved along the entire periph 
eral portion so as to remove Such angular portions. 
0043 Although the polishing time for the surface other 
than the end surface 33 is determined based on the polishing 
time of the end surface 33 in this embodiment, a surface to be 
selected as a reference of the polishing time is not limited to 
the end surface 33. In consideration of the unevenness of the 
peripheral portion, additional polishing may be performed for 
a certain time that is determined based on the changing point 
of the average load of the motor 12. Further, in order to 
improve a Surface roughness of the peripheral portion, finish 
polishing may be performed using a polishing tape having 
abrasive particles of a different grain size. Although the pol 
ishing tape 21 having the abrasive particles fixed to the pol 
ishing Surface thereof is used in this embodiment, a non 
woven fabric may be used to form a polishing Surface. In this 
case, polishing slurry is Supplied onto the polishing Surface or 
the substrate. 
0044 An approach to detecting the polishing end point is 
not limited to detecting the changing point of the average load 
of the motor. For example, the polishing end point can be 
detected by monitoring a Surface temperature of the semicon 
ductor Substrate 13 during polishing. Generally, during pol 
ishing, the Surface temperature of the semiconductor Sub 
strate 13 changes in the same manner as the average load of 
the motor 12. Therefore, the polishing endpoint can be deter 
mined based on the Surface temperature of the semiconductor 
substrate 13 measured by an infrared radiation thermometer 
or the like. Especially, in a case where a combination of a 
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chemical liquid and the polishing tape is used, a stable state 
and an abnormal state of a removal rate can be detected from 
the change in the Surface temperature of the semiconductor 
substrate 13. 
0045 FIG. 5 shows a specific structure for detecting the 
polishing end point based on the Surface temperature of the 
semiconductor substrate. As shown in FIG. 5, a temperature 
sensor 50 is provided above the peripheral portion of the 
semiconductor Substrate 13 for measuring a surface tempera 
ture of the semiconductor substrate 13 that is being polished. 
In order to quickly detect an increase in the Surface tempera 
ture due to polishing, it is preferable that a position of the 
temperature sensor 50 is slightly shifted in a rotating direction 
of the semiconductor substrate 13 from a contact portion 
between the semiconductor substrate 13 and the polishing 
tape 21. 
0046 Because friction between the polishing tape 21 of 
the polishing head 22 and the peripheral portion of the semi 
conductor Substrate 13 changes at the polishing end point, the 
Surface temperature of the peripheral portion also changes. 
Specifically, since the friction becomes high at the polishing 
end point, the Surface temperature increases. Therefore, the 
polishing end point can be determined by detecting the 
increase of the Surface temperature to a predetermined value. 

Second Embodiment 

0047. The second embodiment of the present invention is 
a method of detecting an anomaly in polishing from the load 
signal of the motor and of adjusting the polishing end point. 
As with the first embodiment, the Substrate processing appa 
ratus illustrated in FIG. 1 is used in this embodiment. 
0048 FIG. 6A is a graph showing a manner in which the 
load signal of the motor 12 changes when the end surface 33 
of the semiconductor substrate 13 is being polished. As indi 
cated by a symbol L in FIG. 6A, an oscillation (a load fluc 
tuation) with respect to the average load occurs due to the 
rotation of the rotating stage 11. Ideally, a stable load signal 
should preferably be measured. However, in a practical appa 
ratus, when the semiconductor substrate 13 is placed onto the 
rotating stage 11, the center of the semiconductor substrate 13 
may deviate from the center of the rotating stage 11. Possible 
causes of such deviation in a range of 10 to 100 um include an 
error in repetitive operation of the transfer system. Deviation 
over 100 um can be caused by an abnormal operation of the 
transfer system oran anomaly in the Substrate holding mecha 
nism. In this case, as shown in FIG. 6B, the load fluctuation of 
the motor 12 becomes greater than that shown in FIG. 6A. 
That is, as the deviation of the substrate 13 from the center of 
the rotating stage 11 becomes greater, the load fluctuation 
magnitude L becomes larger. 
0049. The deviation from the center of the rotating stage 
11 causes instability in contact between the polishing tape 21 
and the semiconductor Substrate 13, and also causes instabil 
ity in pressure applied to the semiconductor substrate 13. As 
a result, a finished State of the peripheral portion is uneven, 
and, in the worst case, the semiconductor Substrate 13 may 
crack during polishing. Therefore, it is necessary to grasp a 
degree of the anomaly in polishing so as to take appropriate 
measures. In this embodiment, in order to detect the anomaly, 
the arithmetic unit 14 calculates the load fluctuation magni 
tude with respect to the average load during polishing. 
0050 Specifically, a normal range of a magnitude of the 
deviation from the center of the rotating stage 11 is firstly 
determined. Next, a relationship between the magnitude of 
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the deviation in the normal range, the average load of the 
motor 12, the load fluctuation magnitude, and the finished 
state of the peripheral portion is studied. Then, an allowable 
value (i.e., a threshold) of the load fluctuation magnitude is 
determined based on the above relationship. When the load 
fluctuation magnitude exceeds the allowable value during 
polishing, it can be determined that an anomaly occurred in 
polishing. 
0051 Even if the load fluctuation magnitude is below the 
threshold, an eccentric rotation may cause an uneven finish of 
the peripheral portion. In the second embodiment, additional 
polishing is incorporated into the polishing sequence of the 
first embodiment. Specifically, a polishing end point is firstly 
determined based on the great changing point of the average 
load, and then an additional polishingtime is calculated based 
on the load fluctuation magnitude. In this case, the additional 
polishing time varies in proportion to the load fluctuation 
magnitude that is observed from the change in the electric 
current indicating the load, i.e., torque, of the motor. With this 
method, the uneven finish of the peripheral portion can be 
prevented from occurring due to a lack of polishing. 
0052 FIG. 7 shows a flowchart illustrating the polishing 
operation according to the second embodiment of the present 
invention. 
0053 First, the rotating stage 11 attracts the semiconduc 
tor substrate 13 and is rotated by the motor 12 at a constant 
speed. Then, the polishing head 22 is moved toward the 
semiconductor Substrate 13 to bring the polishing tape 21 into 
contact with the end surface 33 of the peripheral portion of the 
semiconductor substrate 13. The polishing tape 21 is pressed 
against the end surface 33 at a certain pressure to thereby start 
polishing the end surface 33 (STEP 11). As with the first 
embodiment, the polishing tape 21 is repetitively brought into 
and out of contact with the semiconductor substrate 13 at 
intervals of several seconds. When in contact, the polishing 
tape 21 polishes the semiconductor substrate 13, and when 
out of contact, the polishing tape 21 is moved vertically. 
When the semiconductor substrate 13 is being polished, the 
load signal of the motor 12 is monitored so that the average 
load is measured. Further, during polishing, the amplitude of 
the load signal (i.e., the load fluctuation magnitude) with 
respect to the average load is measured (STEP12). 
0054 Next, the arithmetic unit 14 judges whether or not 
the load fluctuation magnitude is below the allowable value 
(STEP 13). If the load fluctuation magnitude exceeds the 
allowable value, then it is judged that the polishing anomaly 
occurred and polishing is stopped (STEP 14). If the load 
fluctuation magnitude is below the allowable value, the arith 
metic unit 14 judges whether or not the average load changed 
greatly (STEP 15). If the average load changes little, the 
polishing operation is continued. 
0055. If the average load exceeds the predetermined value, 
Such a load changing point is selected as a temporary polish 
ing end point. Then, the arithmetic unit 14 determines a 
polishing end time, i.e., an actual polishing endpoint, accord 
ing to the load fluctuation magnitude that has been calculated 
in advance (STEP16). Specifically, a point at which a prede 
termined timethas elapsed from the temporary polishing end 
point is set as the polishing end time. When the load fluctua 
tion magnitude is Small, the predetermined time t is set to be 
short. When the load fluctuation magnitude is large, the pre 
determined time t is set to be long. In this manner, the prede 
termined time varies in proportion to the load fluctuation 
magnitude. The polishing operation is continued until the 
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polishing end time is reached, and polishing of the end Sur 
face 33 is stopped at the polishing end time (STEP 17). 
0056. In this manner, according to this embodiment, the 
anomaly in polishing can be detected by monitoring the load 
of the motor 12 during polishing of the peripheral portion of 
the semiconductor Substrate and by measuring the load fluc 
tuation magnitude. It is therefore possible to prevent an 
uneven finish of the peripheral portion and the substrate 
cracking due to deviation of the semiconductor substrate 13 
from the center of the rotating stage 11. 
0057. In the second embodiment, the load of the motor 12 
is monitored so that the average load per unit time and the load 
fluctuation magnitude are measured. The polishing end time 
is determined based on the load changing point and the load 
fluctuation magnitude. The load changing point is defined as 
a point at which the average load exceeds a predetermined 
value. With this method, polishing can be performed in a 
manner that gives consideration to nonuniform film thick 
ness, irregularities with different heights, unevenly distrib 
uted abrasive particles, and nonuniform structure of a polish 
ing cloth. Therefore, it is possible to prevent the unwanted 
film and the irregularities from remaining on the Substrate due 
to a lack of polishing, and also to prevent a profile of the 
peripheral portion from changing due to excessive polishing. 
Accordingly, a desired profile of the peripheral portion of the 
substrate can be realized. 

Modified Example 
0058. The present invention is not limited to the above 
mentioned embodiments. Specifically, although the polishing 
tape having the abrasive particles fixed to the polishing Sur 
face thereof is used in the above embodiments, a nonwoven 
fabric may by used to form a polishing Surface. In this case, 
instead of pure water, a polishing liquid, i.e., slurry, is Sup 
plied to the surface of the substrate. The polishing liquid 
contains a chemical liquid and free abrasive particles. The 
chemical liquid serves to weaken bonds between molecules 
of the substrate. The abrasive particles are semi-fixed to the 
surface of the nonwoven fabric, and the molecules of the 
substrate are scraped off by relative motion between the sub 
strate and the nonwoven fabric. It is possible to add the 
chemical liquid to the polishing tape. It is also possible to use 
the polishing tape and the chemical liquid together. Although 
one polishing mechanism is used in the above embodiments, 
a plurality of polishing mechanisms can be provided along the 
peripheral portion of the Substrate. In this case also, the pol 
ishing endpoint can be detected by monitoring the load of the 
motor that rotates the rotating stage. 
0059. In the first and second embodiments, the polishing 
tape is brought into sliding contact with the Substrate to Scrape 
off the contact portion with the abrasive particles, thereby 
polishing the peripheral portion. The polishing method using 
the polishing tape has the following advantages. Since the 
abrasive particles are fixed to the polishing tape, the abrasive 
particles are hardly scattered in the Substrate processing appa 
ratus. Further, the polishing tape can be easily replaced and no 
slurry remains in a pipe. Furthermore, the polishing tape with 
no chemical liquid requires little maintenance in terms of 
temperature, humidity, and its service life. 
0060 Generally, the polishing method using a polishing 
liquid (i.e., slurry) requires a large amount of the polishing 
liquid, which is scattered in the apparatus to seriously con 
taminate the Substrate. Further, the polishing liquid may 
adhere to the Substrate, thus imposing a large load on a Sub 
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sequent cleaning process. For Such reasons, the present inven 
tion is preferably applied to the polishing method and appa 
ratus using the polishing tape. 
0061 The substrate processing method and apparatus 
according to the above-mentioned embodiments can be used 
to remove needle projections formed on a peripheral portion 
of a substrate. In a RIE (Reactive Ion Etching) process of 
forming trenches for a trench capacitor on a Surface of a Si 
wafer, by-products produced during etching may be attached 
to the peripheral portion of the Siwafer. Such by-products act 
as masks for etching, thus forming needle projections on the 
peripheral portion of the Si wafer. The heights of the needle 
projections vary depending on the positions of the needle 
projections and are as large as about 10 um at their maximum 
height. The needle projections are broken in transferring or 
processing the Si wafer, thus producing particles. Since Such 
particles lead to a lower yield, it is necessary to remove the 
needle projections formed on the peripheral portion. 
0062. The substrate processing method and apparatus 
according to the embodiments can remove such needle pro 
jections from the peripheral portion of the Substrate, as can be 
seen in FIG. 2B. In this manner, the Substrate processing 
method and apparatus can be utilized not only in removing an 
unwanted film, but also in planarizing Such an uneven Surface. 
In both cases, a desired profile of the peripheral portion can be 
obtained, and the polishing anomaly can be detected. Accord 
ing to the embodiments of the present invention, nicks, 
notches, irregularities, and films can be sufficiently removed 
from the peripheral portion of the substrate. 
0063. The previous description of embodiments is pro 
vided to enable a person skilled in the art to make and use the 
present invention. Moreover, various modifications to these 
embodiments will be readily apparent to those skilled in the 
art, and the generic principles and specific examples defined 
herein may be applied to other embodiments. Therefore, the 
present invention is not intended to be limited to the embodi 
ments described herein but is to be accorded the widest scope 
as defined by limitation of the claims and equivalents. 

1-18. (canceled) 
19. A substrate processing apparatus for polishing a periph 

eral portion of a Substrate, said apparatus comprising: 
a motor for rotating the Substrate; 
a polishing mechanism for polishing the peripheral portion 

of the Substrate by pressing a polishing Surface of said 
polishing mechanism against the peripheral portion 
while the substrate is rotated by said motor; and 

an arithmetic unit for monitoring a load of the motor during 
polishing of the peripheral portion, 
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wherein said arithmetic unit is configured to 
measure an average load per unit time of the motor 

during polishing of the peripheral portion and a load 
fluctuation magnitude with respect to the average 
load, 

compare the load fluctuation magnitude with a threshold 
value, and 

determine an occurrence of an anomaly in polishing of 
the peripheral portion when the load fluctuation mag 
nitude exceeds the threshold value. 

20. The Substrate processing apparatus according to claim 
19, wherein said polishing mechanism is configured to stop 
polishing of the peripheral portion of the substrate when the 
occurrence of the anomaly is determined. 

21. The Substrate processing apparatus according to claim 
19, wherein the polishing mechanism comprises a polishing 
tape having the polishing Surface, and a polishing head for 
pressing the polishing tape against the peripheral portion of 
the substrate. 

22. The Substrate processing apparatus according to claim 
19, wherein said arithmetic unit is configured to monitor the 
load of the motor continuously or intermittently. 

23. A substrate processing apparatus for polishing a periph 
eral portion of a Substrate, said apparatus comprising: 

a motor for rotating the Substrate; 
a polishing mechanism for polishing a first Surface of the 

peripheral portion of the Substrate by pressing a polish 
ing Surface of said polishing mechanism against the first 
Surface; and 

an arithmetic unit for calculating a polishing time of the 
peripheral portion, 

wherein said arithmetic unit is configured to 
determine a polishing end point of the first surface by 

monitoring a polished State of the first Surface, 
determine a polishing time spent in polishing the first 

Surface, and 
determine a polishing time for a second Surface of the 

peripheral portion based on the polishing time of the 
first surface. 

24. The polishing processing apparatus according to claim 
23, wherein said polishing mechanism comprises a polishing 
tape having the polishing Surface, and a polishing head for 
pressing said polishing tape against the peripheral portion of 
the substrate. 

25. The Substrate processing apparatus according to claim 
23, wherein: 

the first Surface comprises an end Surface Substantially 
perpendicular to a front surface of the substrate; and 

the second Surface comprises an upper sloping Surface and 
a lower sloping Surface which are adjacent to the first 
Surface. 


