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FIG. 2A (PRIOR ART) 5210 
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SUBSTRATE PROCESSING APPARATUS 

[0001] This is a divisional application of Ser. No. 10/364, 
359, ?led Feb. 12, 2003. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a substrate process 
ing apparatus, and more particularly to a substrate processing 
apparatus for removing surface roughness produced at a 
peripheral portion (a bevel portion and an edge portion) or the 
like of a substrate such as a semiconductor Wafer, or for 
removing a ?lm attached to a peripheral portion or the like of 
a substrate Which Would cause contamination. 

[0004] 2. Description of the Related Art 
[0005] In recent years, according to ?ner structures of semi 
conductor elements and higher integration of semiconductor 
devices, it has become more important to manage particles. 
One of the major problems in managing particles is dust 
caused by surface roughness produced at a bevel portion and 
an edge portion of a semiconductor Wafer (substrate) in a 
manufacturing process of semiconductor devices. In this 
case, a bevel portion means a portion having a curvature in a 
cross-section of an edge of a semiconductor Wafer. Further, an 
edge portion means a ?at portion extending about several 
millimeters radially inWardly from a bevel portion of a Wafer. 
[0006] For example, the aforementioned surface roughness 
caused by processing is produced in a RIE (Reactive Ion 
Etching) process of forming trenches (deep trenches) for a 
trench capacitor on a surface of a Si Wafer. In a RIE process, 
as shoWn in FIG. 1A, a hard mask comprising laminated ?lms 
composed ofa SiN ?lm 500 and a SiO2 ?lm 510 is ?rst formed 
on a Si Wafer 100, and then the Si Wafer 100 is etched by an 
RIE method While the hard mask serves as a mask, thereby 
forming deep trenches 520 (see FIG. 1B). 
[0007] In this RIE process, by-products produced during 
etching may be attached to a bevel portion and an edge portion 
of the Si Wafer 100 and serve as masks for etching, thereby 
forming needle projections 530 at the bevel portion and the 
edge portion of the Si Wafer 100, as shoWn in FIG. 1B. 
Particularly, in a case of forming, With accuracy, deep 
trenches 520 having an opening diameter of a submicron and 
an aspect ratio as high as multiples often, the aforementioned 
needle projections 530 are inevitably produced under such 
process conditions at the bevel portion and the edge portion. 
[0008] The heights of the needle projections 530 vary 
depending on the positions of the needle projections 530 and 
are as large as about 10 pm at their maximum height. The 
needle projections 530 are broken in transferring or process 
ing the Si Wafer 100 and thus cause particles to be produced. 
Since such particles lead to a loWer yield, it is necessary to 
remove the needle projections 53 0 formed at the bevel portion 
and the edge portion. 
[0009] A CDE (Chemical Dry Etching) method has here 
tofore been employed in order to remove such needle proj ec 
tions 530. In a CDE method, a resist 540 is ?rst applied on 
surfaces except for a region of several millimeters Which 
includes the bevel portion and the edge portion of the Si Wafer 
100, as shoWn in FIG. 2A. Then, a portion of the Si Wafer 100 
that is not covered With the resist 540 is isotropically etched to 
remove the needle projections 53 0 at the bevel portion and the 
edge portion (see FIG. 2B). Thereafter, the resist 540, Which 
has protected the device surfaces, is removed (see FIG. 2C). 
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[0010] With such a CDE method, since device surfaces 
should be protected by a resist 540, it is necessary to apply a 
resist and remove the resist. Further, although sharp needle 
portions can be removed by isotropic etching, irregularities 
550 are formed depending on the variation of the heights of 
the needle projections 530 (see FIG. 2C). These types of 
irregularities 550 may be problematic because dust tends to 
accumulate in the irregularities 550 during subsequent pro 
cesses such as CMP (Chemical Mechanical Polishing). HoW 
ever, the conventional CDE method has dif?culty in com 
pletely removing such surface roughness at the bevel portion 
and the edge portion of the Si Wafer 100. Further, the time 
required for processing a single Wafer in a CDE process is 
usually 5 minutes or more, and hence a CDE process has 
problems in that it causes a loWer throughput and has high 
material costs. 

[0011] Further, neW materials, such as Cu as a Wiring mate 
rial, Ru and Pt as a capacitor electrode material for next 
generation DRAM and FeRAM, and TaO and PZT as a 
capacitor dielectric material, have recently been introduced in 
the ?elds of semiconductor devices one after another. NoW is 
the time to seriously consider problems of device contamina 
tion caused by these neW materials in the mass production of 
semiconductor devices. Particularly, in a manufacturing pro 
cess of a semiconductor device, since ?lms of neW materials 
Which are attached to a bevel portion, an edge, and a reverse 
face of a Wafer may cause contamination, removal of such 
?lms represents an important problem. 
[0012] For example, When a Ru ?lm to be used as a capaci 
tor electrode is deposited, it is important to remove the Ru 
?lm attached to a bevel portion, an edge portion, and a reverse 
face. Currently, a CVD (Chemical Vapor Deposition) method 
is generally used as a deposition method of such a Ru ?lm. 
With the CVD method, attachment of a Ru ?lm to a bevel 
portion, an edge portion, and a reverse face is unavoidable, 
While degrees of the attachment are different depending on 
device arrangements. Even if a Ru ?lm is deposited With an 
edge cut ring by a sputtering method, it is dif?cult to com 
pletely eliminate the attachment of a Ru ?lm to a bevel portion 
and an edge portion due to Wraparounds of sputter particles 
(Ru). When an edge cut Width is reduced in order to increase 
a yield of peripheral chips, it is more dif?cult to completely 
eliminate attachment of a Ru ?lm. 

[0013] With any deposition method, a Ru ?lm is attached to 
a bevel portion, edge portion, or a reverse face of a Wafer after 
Ru deposition. As described above, this type of Ru ?lm 
attached to a bevel portion or the like should be removed 
because it causes device contamination in the next processes. 

[0014] Removal of a Ru ?lm attached to a bevel portion or 
the like has heretofore been performed by a Wet-etching 
method. A Wet-etching method generally includes dropping a 
chemical liquid onto a Si Wafer being rotated horizontally 
While a reverse face of the Si Wafer faces upWardly. With 
respect to a bevel portion and an edge portion, removal of a Ru 
?lm is performed by adjusting a rotational speed or the like to 
adjust the amount of the chemical liquid ?oWing onto a 
device-formed surface. 

[0015] HoWever, With this method, because a removal rate 
of a Ru ?lm is about 10 nm/min, a period of time for process 
ing a single Wafer is usually as long as 5 minutes or more, 
thereby resulting in a loWered throughput. Further, it is 
impossible to remove Ru diffused in an underlying layer, and, 
in order to remove such Ru, it is necessary to perform addi 
tional Wet-etching With another chemical liquid that can etch 
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the underlying layer, thereby resulting in a further lowered 
throughput. Furthermore, this method has another problem in 
that there are no adequate chemical liquids that do not damage 
a device. 

SUMMARY OF THE INVENTION 

[0016] The present invention has been made in vieW of the 
above drawbacks in the prior art, and it is, therefore, an object 
of the present invention to provide a substrate processing 
apparatus Which can effectively remove surface roughness 
produced at a peripheral portion of a substrate or the like or a 
?lm attached to a peripheral portion of a substrate or the like, 
Which Would cause contamination, in a manufacturing pro 
cess of a semiconductor device or the like. 
[0017] In order to solve such draWbacks in the prior art, 
according to a ?rst aspect of the present invention, there is 
provided a substrate processing apparatus comprising: a pol 
ishing tape; a polishing head having an elastic body for sup 
porting the polishing tape; and a pressing mechanism for 
pressing the polishing head so that the elastic body of the 
polishing head presses the polishing tape against a predeter 
mined portion of a substrate under a constant force. The 
substrate processing apparatus polishes the substrate by slid 
ing contact betWeen the polishing tape and the substrate. 
[0018] By removing needle projections at a bevel portion 
and an edge portion of a substrate by polishing With the use of 
a polishing ?lm, it becomes unnecessary to protect a device 
formed surface With a resist, Which has been essential in the 
conventional CDE method. As a result, it is possible to omit 
tWo processes including applying a resist for protection and 
removing the resist after removing needle projections, 
thereby resulting in an improved throughput. Further, since a 
surface on the bevel portion and the edge portion from Which 
the needle projections have been removed becomes a smooth 
surface, the aforementioned problems in the CDE method can 
be solved. 
[0019] Further, by removing a ?lm attached to a peripheral 
portion of a substrate or the like, Which Would cause contami 
nation, by polishing With use of a polishing tape, a removal 
process can be achieved With a single process. Therefore, a 
?lm Which Would cause contamination can be removed in a 
shorter time as compared to the conventional Wet-etching 
method, and hence the throughput can be improved. 
[0020] Here, the polishing tape may be formed by a thin 
polishing ?lm. Further, a polishing tape made of a material 
having a high ?exibility may be used. Since a thin polishing 
?lm is used as a polishing tape, the polishing tape is not folded 
or bent on a surface of a substrate, particularly at a peripheral 
portion (a bevel portion and an edge portion). Therefore, the 
polishing tape can be reliably ?tted along a curved shape of 
the peripheral portion of the substrate, and hence it is possible 
to uniformly polish the peripheral portion of the substrate. As 
a result, needle projections formed on a surface of a substrate 
or an undesired Ru ?lm attached to a surface of a substrate can 

be removed uniformly and stably by polishing. Here, “a pol 
ishing tape” means a polishing tool in the form of a tape, and 
such a polishing tape includes a polishing ?lm having a base 
?lm onto Which polishing abrasive particles are applied, and 
a polishing cloth in the form of a tape. 
[0021] Thus, the pressing mechanism presses the polishing 
head so as to keep a pressing force applied to the polishing 
tape at a predetermined value during polishing. Therefore, 
even if the elastic body has been elongated due to deteriora 
tion, the pressing mechanism presses the polishing head as a 

Aug. 7,2008 

result of the elongation of the elastic body. Thus, a tension of 
the elastic body hardly changes, and hence a polishing rate by 
the polishing tape can continuously be kept constant irrespec 
tive of deterioration of the elastic body to achieve uniform 
polishing. 
[0022] According to a preferred aspect of the present inven 
tion, the pressing mechanism is arranged so that the pressing 
force is adjustable during polishing. With this arrangement, a 
pressing force by the pressing mechanism can be adjusted to 
vary the pressing force applied to the polishing tape during 
polishing, thereby achieving a desired polishing pro?le at a 
predetermined portion of the substrate. 
[0023] According to a preferred aspect of the present inven 
tion, the substrate processing apparatus further comprises a 
pressing plate for pressing the elastic body and the polishing 
tape against an edge portion of the substrate. The pressing 
plate may be movable in a radial direction of the substrate. 

[0024] According to a preferred aspect of the present inven 
tion, the substrate processing apparatus further comprises a 
grinding Wheel for polishing a notch of the substrate. In this 
case, the substrate processing apparatus may further com 
prise a notch sensor for detecting the notch of the substrate. 

[0025] According to a second aspect of the present inven 
tion, there is provided a substrate processing apparatus com 
prising a polishing tape, and a polishing head for pressing the 
polishing tape against a predetermined portion of a substrate. 
The polishing head comprises a deformable ?uid bag for 
supporting the polishing tape, a pressurized ?uid being sup 
plied to an interior of the ?uid bag, and a support portion for 
receiving the ?uid bag and supporting the ?uid bag. 
[0026] With this arrangement, by supplying a pressurized 
?uid to the ?uid bag, the ?uid bag supporting the polishing 
tape is deformed so that the polishing tape is brought into 
contact uniformly With the predetermined portion of the sub 
strate. Therefore, it is possible to uniformly polish the prede 
termined portion of the substrate. 
[0027] In this case, the polishing tape may be formed by a 
polishing ?lm. Alternatively, the polishing tape is formed by 
a polishing cloth, and the substrate is polished While a pol 
ishing material or an etching liquid is supplied onto a surface 
of the substrate. Further, the ?uid bag may be formed by the 
polishing tape. 
[0028] According to a preferred aspect of the present inven 
tion, the substrate processing apparatus further comprises a 
?uid supply source for supplying a ?uid having a desirable 
pressure to the ?uid bag. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIGS. 1A and 1B are cross-sectional vieWs shoWing 
a process of forming deep trenches in a trench capacitor. 

[0030] FIGS. 2A through 2C are cross-sectional vieWs 
shoWing a process of removing needle projections produced 
at the time of forming the deep trenches. 
[0031] FIG. 3 is a schematic plan vieW shoWing a polishing 
unit according to a ?rst embodiment of the present invention. 

[0032] FIG. 4 is a front cross-sectional vieW of the polish 
ing unit shoWn in FIG. 3. 

[0033] FIG. 5 is a cross-sectional vieW shoWing a main part 
of the polishing head of the polishing unit of FIG. 3. 
[0034] FIG. 6 is a cross-sectional vieW shoWing a state of 
the polishing head shoWn in FIG. 5 at the time of polishing. 
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[0035] FIG. 7A is a front vieW showing a grinding Wheel of 
the polishing unit shoWn in FIG. 3, and FIG. 7B is a plan vieW 
showing the grinding Wheel When it polishes a notch of a 
semiconductor Wafer. 
[0036] FIG. 8 is a schematic cross-sectional vieW shoWing 
a state of a polishing ?lm Which is folded and bent. 
[0037] FIG. 9 is a schematic plan vieW shoWing a polishing 
unit used for polishing a bevel portion and an edge portion of 
a semiconductor Wafer. 
[0038] FIG. 10 is a cross-sectional vieW shoWing a surface 
shape of a semiconductor Wafer after polishing With use of the 
polishing unit shoWn in FIG. 9. 
[0039] FIG. 11 is a cross-sectional vieW shoWing a semi 
conductor Wafer (Si Wafer) on Which a Ru ?lm is deposited. 
[0040] FIG. 12 is a schematic plan vieW shoWing a second 
polishing unit of a substrate processing apparatus according 
to a second embodiment of the present invention. 
[0041] FIG. 13 is a front cross-sectional vieW of the second 
polishing unit shoWn in FIG. 12. 
[0042] FIG. 14 is a cross-sectional vieW shoWing a surface 
shape of a semiconductor Wafer after polishing With use of the 
substrate processing apparatus according to the second 
embodiment of the present invention. 
[0043] FIG. 15 is a schematic cross-sectional vieW shoWing 
a polishing head of a substrate processing apparatus accord 
ing to a third embodiment of the present invention. 
[0044] FIG. 16 is a plan vieW shoWing an example of an 
arrangement of a substrate processing apparatus according to 
the present invention. 
[0045] FIG. 17 is a front cross-sectional vieW shoWing a 
modi?cation of the polishing unit shoWn in FIG. 4. 
[0046] FIG. 18 is a front cross-sectional vieW shoWing a 
modi?cation of the second polishing unit shoWn in FIG. 13. 
[0047] FIG. 19 is a front cross-sectional vieW shoWing a 
modi?cation of the second polishing unit shoWn in FIG. 13. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Embodiments of a substrate processing apparatus 
according to the present invention Will be described in detail 
beloW With reference to the accompanying draWings. A sub 
strate processing apparatus according to the present invention 
serves to polish surfaces of a substrate such as a semiconduc 
tor Wafer (Si Wafer), and to process a bevel portion, an edge 
portion, and/or a reverse face of the Wafer. The substrate 
processing apparatus has a polishing unit for polishing sur 
faces of a semiconductor Wafer. Identical or corresponding 
components are designated by identical reference numerals 
throughout the draWings and Will not be described repeti 
tively. 
[0049] First, a polishing unit of a substrate processing appa 
ratus according to a ?rst embodiment of the present invention 
Will be described. FIG. 3 is a schematic plan vieW shoWing a 
polishing unit according to the ?rst embodiment of the 
present invention, and FIG. 4 is a front cross-sectional vieW of 
the polishing unit shoWn in FIG. 3. As shoWn in FIGS. 3 and 
4, the polishing unit comprises a plurality of rollers 1 for 
rotatably holding a semiconductor Wafer 100, polishing 
heads 2 for polishing a bevel portion and an edge portion of 
the Wafer 100, air cylinders (pressing mechanism) 3 for press 
ing the polishing head 2 to the Wafer 100, chemical liquid 
supply noZZles 4 for supplying a chemical liquid (or pure 
Water) to the bevel portion and the edge portion of the Wafer 
100, a plurality of gas ejection noZZles 5 for ejecting a gas 
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such as air or nitrogen toWard a device-formed surface (i.e., a 
loWer surface in FIG. 4) of the Wafer 100, a notch sensor 6 for 
detecting a notch of the Wafer 100, and a grinding Wheel 7 for 
polishing the notch of the Wafer 100. The semiconductor 
Wafer 100 is set so that the device-formed surface thereof 
faces doWnWardly in vieW of a countermeasure of particles 
falling from above. 
[0050] FIG. 5 is a cross-sectional vieW shoWing a main part 
of the polishing head 2 of FIG. 3, and FIG. 6 is a cross 
sectional vieW shoWing a state of the polishing head shoWn in 
FIG. 5 at the time of polishing. As shoWn in FIGS. 3 through 
6, the polishing head 2 comprises a support portion 20 having 
tWo projecting portions 20a, 20b, an elastic member 21, such 
as elastic rubber, extending betWeen ends of these projecting 
portions 20a, 20b, a polishing ?lm 22 as a polishing tape 
supported by the elastic member 21, and a pressing plate 23 
made of an elastic body. 
[0051] The polishing head 2 can be moved in a radial direc 
tion of the semiconductor Wafer 1 00 by a moving mechanism, 
Which is not shoWn. The air cylinder 3 is connected to a base 
portion 200 of the support portion 20 of the polishing head 2. 
When the air cylinder 3 is actuated to move the support 
portion 20 toWard a center of the Wafer 100, the polishing ?lm 
22 is pressed via the elastic member 21 against the bevel 
portion and the edge portion of the Wafer 100. Details of 
actuation of the air cylinder 3 Will be described later. A 
mechanism for changing a distance betWeen the projecting 
portions 20a, 20b may be provided in the polishing head 2. 
[0052] The polishing ?lm 22 is housed in a polishing cas 
sette, Which is not shoWn, and Wound by reels 24a, 24b (see 
FIG. 4) in the polishing cassette While a predetermined ten 
sion is applied to the polishing ?lm 22. A polishing ?lm 22 
that has been Worn by polishing the Wafer 100 is taken up 
before a polishing rate is loWered, so that a neW polishing ?lm 
is brought into contact With the Wafer 100. The polishing ?lm 
22 is pressed under a predetermined pres sing force against the 
bevel portion and the edge portion of the Wafer 100 While the 
Wafer 100 is rotated. Thus, the bevel portion and the edge 
portion of the Wafer 100 and the polishing ?lm 22 are brought 
into sliding contact With each other to polish the bevel portion 
and the edge portion of the Wafer. The polishing ?lm 22 may 
be moved With respect to the Wafer 100 to polish the Wafer. 
Further, at the time of polishing, the polishing ?lm 22 may be 
reciprocated or continuously moved at a predetermined speed 
by reels 24a, 24b to add, to the aforementioned sliding rota 
tion, a sliding motion based on relative speeds in a direction of 
the thickness of the Wafer, thereby increasing a polishing rate. 
[0053] As the polishing ?lm 22, there may be used a pol 
ishing ?lm having a surface serving as a polishing surface 
onto Which diamond abrasive particles or SiC is bonded, for 
example. Abrasive particles to be bonded to the polishing ?lm 
are selected according to the type of substrate or the required 
performance, and a diamond having a grain siZe of #4000 to 
#12000 or SiC having a grain siZe of #4000 to #10000 can be 
used as the abrasive particles to be bonded to the polishing 
?lm. 

[0054] As shoWn in FIG. 6, When the elastic member 21 is 
pressed on a reverse face of the polishing ?lm 22, a tension T 
is produced in the elongated elastic member 21. A pressure P 
is applied from the polishing ?lm 22 to the bevel portion of the 
Wafer 100 by the tension T in the elastic member 21. The 
magnitude of the pressure P is expressed by PIT/(pW), Where 
W is the Width of the polishing ?lm 22, p is the radius of 
curvature of the bevel portion in a cross-section, and the 
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thickness D of the polishing ?lm 22 is suf?ciently smaller 
than the radius p of curvature. 
[0055] The pressing plate 23 is disposed betWeen the pro 
jecting portions 20a and 20b of the support portion 20 and is 
movable in the radial direction of the Wafer 100. When the 
pressing plate 23 moves toWard the center of the Wafer 100, 
the elastic member 21 and the polishing ?lm 22 are also 
pressed onto the edge portion of the Wafer 100. 
[0056] The chemical liquid supply noZZles 4 are disposed 
near the polishing heads 2, and a chemical liquid or pure Water 
is supplied from the chemical liquid supply noZZles 4 to the 
bevel portion and the edge portion of the Wafer 100. Further, 
the gas ejection noZZles 5 are disposed radially around the 
center of the Water 100, and eject a gas toWard the device 
formed surface of the Wafer 100 at the time of polishing to 
prevent polishing Wastes produced during polishing from 
contaminating the device-formed surface. If the gas ejection 
noZZles 5 are provided not only beloW the device-formed 
surface, but also above a reverse face (i.e., an upper surface in 
FIG. 4) of the Wafer 100, then the Wafer 100 can be cleaned 
more effectively. 
[0057] FIG. 7A is a front vieW shoWing the grinding Wheel 
7 shoWn in FIG. 3, and FIG. 7B is a plan vieW shoWing the 
grinding Wheel 7 When it polishes the notch of the Wafer 100. 
As shoWn in FIGS. 7A and 7B, the grinding Wheel 7 com 
prises a Wheel 70 having a groove 70a formed so as to corre 
spond to shapes of the notch and the bevel of the Wafer 100, 
and a rotation axis 71 for rotating the Wheel 70. For example, 
diamond abrasive particles having a grain siZe of about 
#10000 are bonded onto the groove 70a of the Wheel 70. 
[0058] When the notch 72 of the Wafer 100 is polished by 
the grinding Wheel 7, the notch 72 of the Wafer 100 is detected 
by the notch sensor 6, and the rotation of the Wafer 100 is 
stopped so that the notch 72 is positioned at the location of the 
grinding Wheel 7. Then, as shoWn in FIG. 7B, the groove 70a 
of the Wheel 70 of the grinding Wheel 7 is aligned With the 
notch 72, and the Wheel 70 is rotated about the rotation axis 
71. At that time, the rotation axis 71 is moved in vertical and 
horizontal directions to polish the notch 72 of the Wafer 100. 
[0059] Next, there Will be described a method of removing 
roughness produced on a surface of a bevel portion and an 
edge portion of a semiconductor Wafer (Si Wafer) When deep 
trenches in a trench capacitor are formed by an RIE method 
With the use of the polishing unit having the aforementioned 
arrangements. Such a trench capacitor is used for a memory 
cell of a DRAM, for example. 
[0060] First, deep trenches are formed on a surface of a 
semiconductor Wafer by an RIE process (see FIGS. 1A and 
1B). For example, a SiN ?lm 500 has a thickness of 200 nm, 
a SiO2 ?lm 510 has a thickness of 90 nm, and deep trenches 
520 have an opening diameter of 0.25 pm and a depth of 7 pm. 
With this RIE process, needle projections 530 as shoWn in 
FIG. 1B are formed on the surface of the semiconductor 
Wafer. These needle projections 530 are removed With the 
aforementioned polishing unit. 
[0061] First, the semiconductor Wafer 100 is held so as to be 
rotatable Within a horiZontal plane by the rollers 1 While the 
device-formed surface faces doWnWardly. Next, the polishing 
head 2 is moved toWard the center of the Wafer 100 and 
pressed against the Wafer 100 so that the bevel portion of the 
Wafer 100 is sandWiched by the polishing ?lm 22 of the 
polishing head 2. Further, the pressing plate 23 of the polish 
ing head 2 is moved toWard the center of the Wafer 100 so as 
to vertically press a horiZontal surface of the pressing plate 23 
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against the edge portion region, so that the polishing ?lm 22 
is brought into contact With the edge portion region under a 
pressure of about 98 kPa, for example. In this manner, it is 
possible to polish a region of several millimeters Which 
includes the edge portion of the device-formed surface. At 
that time, a chemical liquid or pure Water is supplied from the 
chemical liquid supply noZZles 4 to contacting portions of the 
bevel portion and the edge portion of the Wafer 100 With the 
polishing ?lm 22. The Wafer 100 is rotated by the rotation of 
the rollers 1, and the bevel portion and the edge portion of the 
Wafer 100 and the polishing ?lm 22 of the polishing head 2 are 
brought into sliding contact With each other to Wet-type pol 
ish the bevel portion and the edge portion of the Wafer 100. 
[0062] Further, a gas such as air or nitrogen is ejected at a 
How rate of, for example, 5 m/ s or more, at a slight angle With 
respect to the device-formed surface from the gas ejection 
noZZles 5 disposed radially beloW the device-formed surface 
of the Wafer 100. Thus, the device-formed surface of the 
Wafer 100 is prevented from being contaminated by polishing 
Wastes produced during polishing. 
[0063] Then, entire surfaces of the bevel portion and the 
edge portion of the notch 72 of the Wafer 100 are polished 
With the use of the notch sensor 6 and the grinding Wheel 7, as 
described above. 
[0064] In this manner, the bevel portion and the edge por 
tion of the Wafer 100 are polished. If the elastic member 21 
deteriorates With age, then it may lose the elasticity or be 
plastically deformed so that its entire length is lengthened, 
thereby loWering the tension of the elastic member 21 at the 
time of polishing. If the tension of the elastic member 21 is 
loWered, then a polishing load is loWered, and a polishing rate 
is also reduced so as to loWer the polishing e?iciency. Further, 
if the tension of the elastic member 21 is loWered, then the 
polishing rate is changed, so that a desired polishing pro?le 
cannot be achieved. 

[0065] Here, the deterioration of the elastic member 21 
means a lengthened natural length, and a reduced Young’s 
modulus, Which are caused by plastic deformation. If stresses 
of tension are accumulated, plastic deformation of the elastic 
member 21 is caused even though the elastic member 21 is an 
elastic body. The length (natural length) of the elastic member 
21, When no tension is applied thereto, becomes slightly 
longer. Further, it has been found that if stresses of tension are 
accumulated, then theYoung’s modulus of the elastic member 
21 becomes slightly smaller. 
[0066] The deterioration of the elastic member 21 can be 
improved to some degree by selecting an elastic member 21 
made of a material unlikely to deteriorate, or by increasing the 
thickness of the elastic member 21 to reduce the tension 
applied per area. HoWever, it is impossible to completely 
eliminate the deterioration of the elastic member 21. 
[0067] Therefore, in a case Where the Wafer 100 is polished 
While a distance D (see FIG. 6) by Which the Wafer 100 
presses the polishing ?lm 22 and the elastic member 21 is kept 
constant (Which Will hereinafter be referred to as a constant 
position method), the folloWing problems arise. This constant 
position method comprises predetermining a position at 
Which the elastic member 21 can press the polishing ?lm 22 
under a predetermined force, moving the polishing head 2 to 
this position at the time of polishing, and polishing the Wafer. 
According to the constant position method, a predetermined 
tension is applied to the elastic member 21 at the beginning of 
the polishing operation. As time passes, the tension is gradu 
ally reduced because of the deterioration of the elastic mem 
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ber 21 as described above. Therefore, as time passes, there 
arises a problem in that a polishing rate is gradually reduced. 
[0068] When natural rubber having a Young’s modulus of 
0.6 MPa and a cross-section of 13 mm2 Was used as the elastic 
member 21, it Was found that a cumulative used time of 10 
hours reduced a tension applied to the elastic member 21 by 
10%. Thus, from around a cumulative used time of 10 hours, 
rough polishing for one minute cannot completely remove 
needle projections formed at a bevel portion. Accordingly, it 
becomes necessary to lengthen the processing time. 
[0069] In this point of vieW, according to the present 
embodiment, the air cylinder 3 is used so that the elastic 
member 21 presses the polishing ?lm 22 continuously under 
a constant force F (a constant force method). Speci?cally, the 
air cylinder 3 presses the support portion 20 and the elastic 
member 21 so as to maintain a pressing force applied to the 
polishing ?lm 22 constant during polishing. Thus, even if the 
elastic member 21 has been elongated due to deterioration, 
the air cylinder 3 presses the support portion 20 and the elastic 
member 21 as a result of the elongation of the elastic member 
21, so that the pressure Which is applied to the bevel portion 
and the edge portion by the polishing ?lm 22 does not change. 
Therefore, a polishing rate by the polishing ?lm 22 can con 
tinuously be kept constant, irrespective of deterioration of the 
elastic member 21, and changes in the tension applied to the 
elastic member 21 can almost be eliminated, thereby achiev 
ing a stable polishing process. 
[0070] The magnitude of the aforementioned constant 
force F is determined such that the elastic member 21 is 
deformed so as to have a predetermined tension T. Speci? 
cally, in FIG. 6, the pressing force F is adjusted so that a 
relationship F:2T cos 6 holds. Here, 6 represents an angle 
betWeen a surface of the Wafer 100 and the elastic member 21. 

[0071] It is assumed that half of the overall length of the 
elastic member 21 When a constant force F is applied thereto 
is de?ned as L (see FIG. 6), and that the elastic member 21 is 
elongated due to the deterioration by AL. If the elastic mem 
ber 21 elongated by AL reduces the angle 6 by A6 and the 
tension T by AT, then the aforementioned relationship F:2T 
cos 6 holds according to the constant force method. Since the 
force F does not change (or is set to be constant), a relation 
ship AT/TIAG tan 6 holds. Further, another relationship A6: 
(AL/L)tan 6 also holds. Consequently, a relationship AT/T: 
(AL/L)tan2 6 holds. Here, in consideration of the fact that if 
the angle 6 is 15 degrees, then AL/ L becomes less than a ratio 
of the reduction of the tension in the constant position 
method, a ratio AT/T of the reduction of the tension in the 
constant force method is smaller than 7% of the ratio of the 
reduction of the tension in the constant position method and 
can almost be ignored. Actually, according to the constant 
force method, reduction of the tension applied to the elastic 
member 21 Was not found even after a cumulative used time 
of 10 hours. Thus, it becomes unnecessary to lengthen the 
processing time. 
[0072] In order to achieve uniform polishing over an entire 
bevel portion, it is necessary to reliably ?t the polishing ?lm 
22 along a curved shape of the bevel portion. Speci?cally, the 
curvature of the cross-section of the bevel portion varies 
depending on the type of semiconductor Wafers. In a case of 
an 8-inch Wafer, although the curvature of the cross-section of 
the bevel portion is about l/ (360 pm) on average, it may partly 
be a considerably large value, e. g., l/ (120 pm). In order to ?t 
the polishing ?lm 22 along a curved shape of the bevel portion 
having such a large curvature, the polishing ?lm 22 should 
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have such a ?exibility that the polishing ?lm 22 is not plasti 
cally deformed, i.e., not folded or bent, by a curved surface, 
having a (maximum) curvature, of the cross-section of the 
bevel portion. 
[0073] The ?exibility of a polishing ?lm is determined by 
the ?lm material and the thickness of the polishing ?lm. In a 
case of using PET, Which is generally used as a material of a 
polishing ?lm, When a polishing ?lm having a thickness of 75 
pm or more is to be ?tted along a curved surface of the bevel 
portion, the polishing ?lm may be folded and bent as shoWn in 
FIG. 8. If the polishing ?lm is thus folded and bent, then 
portions that are unlikely to contact With the polishing ?lm are 
produced at the bevel portion to reduce a polishing rate at 
those portions, so that the bevel portion of the Wafer 100 
cannot be polished uniformly. In a state in Which the polishing 
?lm is thus folded and bent, for example, a rough polishing 
for one minute cannot completely remove needle projections 
formed at a portion at Which the polishing ?lm 22 is folded 
and bent. Therefore, in order to completely remove needle 
projections over the entire bevel portion, it is necessary to 
lengthen the processing time, for example, to 2 minutes. This 
causes a loWer throughput. 

[0074] Therefore, according to the present embodiment, by 
forming the polishing ?lm into a thin ?lm, such a ?exibility 
that the polishing ?lm is not folded or bent by a curved shape, 
having a (maximum) curvature, of the cross-section of the 
bevel portion is provided to the polishing ?lm. In the case 
Where PET Was used as a material of the polishing ?lm, it Was 
found that if the thickness of the polishing ?lm Was 50 pm or 
less, then the polishing ?lm could be ?tted along a curved 
shape, having a (maximum) curvature, of the cross-sectional 
bevel Without being folded or bent. If the material of the 
polishing ?lm is not PET, the thickness of the ?lm, Which can 
be ?tted along a curved shape having a (maximum) curvature 
of the bevel portion Without being folded or bent, is different 
from the above as a matter of course. 

[0075] As described above, according to the present 
embodiment, since a thin polishing ?lm is used as the polish 
ing ?lm 22, the polishing ?lm 22 is not folded or bent at the 
bevel portion of the Wafer 100. Therefore, the polishing ?lm 
22 can be reliably ?tted along a curved shape of the bevel 
portion of the Wafer 100, and hence it is possible to uniformly 
polish the bevel portion of the Wafer 100. In the present 
embodiment, by using a thin polishing ?lm as the polishing 
?lm 22, the polishing ?lm 22 is ?tted along a curved shape of 
the bevel portion of the Wafer 100. HoWever, similar effects 
can be achieved by using a polishing ?lm made of a material 
having a high ?exibility. 
[0076] In the present embodiment, the polishing ?lm 22 is 
pressed via the elastic member 21 against the Wafer 100 as 
described above. HoWever, if the polishing ?lm 22 is pressed 
directly against the Wafer 100 Without the elastic member 21, 
then the polishing ?lm 22 contacts only With a vertically 
central portion of the Wafer 100, and the contacting length is 
at most about 10 mm, so that the contacting area cannot be 
made large. Further, because it is impossible to absorb subtle 
displacements of the bevel portion due to the rotation of the 
Wafer 100, it is di?icult to dynamically and stably apply a 
pressure to the bevel portion of the rotating Wafer 100. 
[0077] As described in the present embodiment, in a 
method of pressing the polishing ?lm 22 via the elastic mem 
ber 21 against the Wafer 100, a pressure P applied to the bevel 
portion of the Wafer 100 by the polishing ?lm 22 is repre 
sented by PIT/(pW) as described above. When the cross 
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section of the bevel portion is fully round, the pressure 
applied to the bevel portion can be made uniform. Thus, When 
the polishing ?lm 22 is pressed via the elastic member 21 
against the Wafer 100, it is possible to extend a portion con 
tributing to polishing to increase the polishing rate, and to 
lessen the dispersion of pressures on the contacting surface to 
make the amount of polishing uniform. 
[0078] Removal of needle projections formed at a bevel 
portion and an edge portion Was performed under the folloW 
ing conditions With use of a polishing unit having the above 
arrangements. In this example, as shoWn in FIG. 9, there Was 
used a polishing unit having four polishing heads 211 provided 
in a circumferential direction for rough polishing, and four 
polishing heads 2b provided in a circumferential direction for 
?nal polishing. 
[0079] A polishing ?lm in Which diamond particles having 
a grain siZe of #4000 Were bonded onto a PET ?lm having a 
thickness of 25 um by a urethane-type adhesive Was used as a 
polishing ?lm for rough polishing. A polishing ?lm in Which 
diamond particles having a grain siZe of #10000 Were bonded 
onto a PET ?lm having a thickness of 25 pm by a urethane 
type adhesive Was used as a polishing ?lm for ?nal polishing. 
The respective polishing ?lms had a Width of 30 mm. Further, 
the tension T of the elastic member 21 Was set to be 9.8 N, and 
the angle 0 Was set to be 15 degrees. Furthermore, the rota 
tional speed of the Wafer 100 Was set to be 100 min-l. At the 
time of polishing, pure Water Was supplied from the respec 
tive chemical liquid supply noZZles 4 at a rate of 10 ml/min. 
[0080] First, the polishing ?lms for rough polishing in the 
polishing heads 211 were brought into contact With the Wafer 
at four points along a circumferential direction to polish the 
Wafer for one minute. By this rough polishing, the needle 
projections 530 Were removed from the Wafer 100. Next, for 
the purpose of removing damage due to polishing, the pol 
ishing heads 211 for rough polishing Were interchanged With 
the polishing heads 2b for ?nal polishing, and polishing Was 
performed With the polishing ?lms for ?nal polishing for one 
minute. By this ?nal polishing, polishing scratches remaining 
on the surface Were completely removed, so that the bevel 
surface Was made a mirror surface having an average rough 
ness Ra of several nanometers or less. 

[0081] Next, the notch 72 of the Wafer 100 Was polished. 
While the grinding Wheel 7 Was rotated at a rotational speed 
of 1000 min_l, the notch 72 of the Wafer 100 Was polished for 
30 seconds. Thus, needle projections at the notch Were com 
pletely removed. 
[0082] Then, in another unit, While a PVA sponge or the like 
Was brought into sliding contact With the Wafer 100, mainly 
the bevel portion and the edge portion Were cleaned With pure 
Water or a surface active agent aqueous solution. After being 
rinsed, the Wafer Was dried, and the process Was completed. 
[0083] In this manner, by removing the needle projections 
530 at the bevel portion and the edge portion of the Wafer 100 
With the use of the polishing ?lm 22, it becomes unnecessary 
to protect the device-formed surface With a resist, Which has 
been essential in the conventional CDE method. As a result, it 
is possible to omit tWo processes including applying a resist 
for protection and removing the resist after removing needle 
projections, thereby resulting in an improved throughput. 
[0084] Further, a surface on the bevel portion and the edge 
portion of the Wafer 100 from Which the needle projections 
530 have been removed becomes a smooth surface as shoWn 
in FIG. 10. Therefore, the aforementioned problems in the 
CDE method can be solved. Speci?cally, in the conventional 
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CDE method, irregularities 550 are formed depending on 
variation of the heights of the needle projections 530 after the 
needle projections are removed, as shoWn in FIG. 2C, and 
dust tends to accumulate in the irregularities 550 during sub 
sequent processes such as CMP. HoWever, according to the 
present invention, this problem can be solved. 
[0085] Further, When a cleaning section for cleaning the 
Wafer 100 is incorporated into the aforementioned substrate 
processing apparatus, the processing time per one Wafer can 
be shortened to about 3 minutes. Since the processing time 
can be shortened as compared to the fact that the conventional 
CDE method requires about 5 minutes, the throughput can be 
improved. 
[0086] Furthermore, since the aforementioned polishing 
unit and substrate processing apparatus have a simple 
arrangement of components, the cost of the apparatus can be 
reduced. Moreover, because only pure Water and a trace of 
chemical liquid are used as materials, the running cost can be 
largely reduced. Thus, the present invention has great advan 
tages in reducing costs. 
[0087] Further, in the present embodiment, not only pure 
Water, but also a chemical liquid for Wet-etching silicon, e. g., 
KOH aqueous solution or alkali ionic Water, may be used as a 
liquid to be supplied for Wet-type polishing. Furthermore, a 
surface active agent aqueous solution may be used. It can be 
expected that the use of these chemical liquids improves 
polishing characteristics such as polishing rate and surface 
?atness, depending on the material and the siZe of abrasive 
particles of the polishing ?lm 22. 
[0088] Next, a substrate processing apparatus according to 
a second embodiment of the present invention Will be 
described beloW. A substrate processing apparatus in the 
present embodiment serves to remove a Ru ?lm attached to a 

bevel portion, an edge portion, and a reverse face of a semi 
conductor Wafer When a Ru ?lm to be used as a capacitor 
electrode is deposited on a device-formed surface by a CVD 
method. 
[0089] As shoWn in FIG. 11, When a Ru ?lm 81 to be used 
as a loWer capacitor electrode is deposited With a thickness of 
30 nm on a silicon nitride ?lm 80 deposited on a semicon 
ductor Wafer 100 by a batch-type CVD method, the Ru ?lm 81 
is deposited not only on a device-formed surface, but also on 
a bevel portion, an edge portion, and a reverse face With a 
thickness of about 30 nm. A capacitor using this type of Ru 
?lm 81 comprises, for example, a three-dimensional capaci 
tor, and is used for DRAM or FeRAM. As described above, it 
is necessary to remove the Ru ?lm 81 attached to the bevel 
portion, the edge portion, and the reverse face because it 
causes contamination to a device in a next process. 

[0090] Therefore, the Ru ?lm attached to the bevel portion, 
the edge portion, and the reverse face of the semiconductor 
Wafer is removed With use of the substrate processing appa 
ratus of the present embodiment. The substrate processing 
apparatus in the present embodiment comprises, in addition 
to a (?rst) polishing unit described in the ?rst embodiment, a 
second polishing unit for removing a Ru ?lm 81 attached to a 
reverse face of a Wafer 100. FIG. 12 is a schematic plan vieW 
shoWing the second polishing unit in the present embodiment, 
and FIG. 13 is a front cross-sectional vieW of FIG. 12. 
[0091] A shoWn in FIGS. 12 and 13, the second polishing 
unit comprises a plurality of rollers 11 for rotatably holding a 
Wafer 100, a polishing roll (polishing head) 12 having a 
polishing ?lm 12b Wound on an elastic body 12a, a chemical 
liquid supply noZZle 13 (not shoWn in FIG. 13) in the form of 










