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The present invention relates to a substrate holding apparatus 
for holding a substrate such as a semiconductor Wafer in a 
polishing apparatus for polishing the substrate to a ?at ?nish. 
The substrate holding apparatus according to the present 
invention comprises a top ring body having a receiving space 
therein, and a vertically movable member Which is vertically 
movable Within the receiving space in the top ring body. An 
abutment member having an elastic membrane is attached to 
a loWer surface of the vertically movable member. The elastic 
membrane of the abutment member comprises an abutment 
portion, having a ?ange projecting outwardly, brought into 
direct or indirect contact With the substrate, and a connecting 
portion extending upwardly from a base portion of the ?ange 
of the abutment portion and being connected to the vertically 
movable member. The connecting portion is made of a mate 
rial having a ?exibility higher than that of material of the 
abutment portion. 
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SUBSTRATE HOLDING APPARATUS AND 
POLISHING APPARATUS 

[0001] This application is a National Stage application of 
PCT/JP02/l28l6, ?led Dec. 6, 2002. 

TECHNICAL FIELD 

[0002] The present invention relates to a substrate holding 
apparatus for holding a substrate to be polished and pressing 
the substrate against a polishing surface, and more particu 
larly to a substrate holding apparatus for holding a substrate 
such as a semiconductor Wafer in a polishing apparatus for 
polishing the substrate to a ?at ?nish. The present invention 
also relates to a polishing apparatus having such a substrate 
holding apparatus. 

BACKGROUND ART 

[0003] In recent years, semiconductor devices have 
become more integrated, and structures of semiconductor 
elements have become more complicated. Further, a number 
of layers in multilayer interconnections used for a logical 
system has been increased. Accordingly, irregularities on a 
surface of a semiconductor device become increased, so that 
step heights on the surface of the semiconductor device tend 
to be larger. This is because, in a manufacturing process of a 
semiconductor device, a thin ?lm is formed on a semiconduc 
tor device, then micromachining processes, such as pattem 
ing or forming holes, are performed on the semiconductor 
device, and these processes are repeated many times to form 
subsequent thin ?lms on the semiconductor device. 
[0004] When a number of irregularities is increased on a 
surface of a semiconductor device, the folloWing problems 
arise. A thickness of a ?lm formed in a portion having a step 
is relatively small When a thin ?lm is formed on a semicon 
ductor device. An open circuit is caused by disconnection of 
interconnections, or a short circuit is caused by insuf?cient 
insulation betWeen interconnection layers. As a result, good 
products cannot be obtained, and yield tends to be reduced. 
Further, even if a semiconductor device initially Works nor 
mally, reliability of the semiconductor device is loWered after 
long-term use. At a time of exposure during a lithography 
process, if an irradiation surface has irregularities, then a lens 
unit in an exposure system is locally unfocused. Therefore, if 
the irregularities of the surface of the semiconductor device 
are increased, then this becomes problematic in that it is 
dif?cult to form a ?ne pattern itself on the semiconductor 
device. 
[0005] Accordingly, in a manufacturing process of a semi 
conductor device, it increasingly becomes important to pla 
nariZe a surface of the semiconductor device. The most 
important one of planariZing technologies is CMP (Chemical 
Mechanical Polishing). In such chemical mechanical polish 
ing, Withuse of a polishing apparatus, While a polishing liquid 
containing abrasive particles such as silica (SiO2) therein is 
supplied onto a polishing surface such as a polishing pad, a 
substrate such as a semiconductor Wafer is brought into slid 
ing contact With the polishing surface, so that the substrate is 
polished. 
[0006] This type of polishing apparatus comprises a pol 
ishing table having a polishing surface constituted by a pol 
ishing pad, and a substrate holding apparatus, Which is called 
as a top ring or a carrier head, for holding a semiconductor 
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Wafer. When a semiconductor Wafer is polished With such a 
polishing apparatus, the semiconductor Wafer is held and 
pressed against the polishing table under a predetermined 
pressure by the substrate holding apparatus. At this time, the 
polishing table and the substrate holding apparatus are moved 
relatively to each other to bring the semiconductor Wafer into 
sliding contact With the polishing surface, so that a surface of 
the semiconductor Wafer is polished to a ?at mirror ?nish. 
[0007] In such a polishing apparatus, if a relative pressing 
force betWeen the semiconductor Wafer being polished and 
the polishing surface of the polishing pad is not uniform over 
an entire surface of the semiconductor Wafer, then the semi 
conductor Wafer may insu?iciently be polished or may exces 
sively be polished at some portions depending on a pressing 
force applied to those portions of the semiconductor Wafer. 
Therefore, it has been attempted to form a surface, for holding 
a semiconductor Wafer, of a substrate holding apparatus by an 
elastic membrane made of an elastic material such as rubber 
and to supply ?uid pressure such as air pressure to a backside 
surface of the elastic membrane to uniformiZe pressing forces 
applied to the semiconductor Wafer over an entire surface of 
the semiconductor Wafer. 
[0008] Further, the polishing pad is so elastic that pressing 
forces applied to a peripheral portion of the semiconductor 
Wafer being polished become non-uniform, and hence only 
the peripheral portion of the semiconductor Wafer may exces 
sively be polished, Which is referred to as “edge rounding”. In 
order to prevent such edge rounding, there has been used a 
substrate holding apparatus in Which a semiconductor Wafer 
is held at its peripheral portion by a guide ring or a retainer 
ring, and an annular portion of the polishing surface that 
corresponds to the peripheral portion of the semiconductor 
Wafer is pressed by the guide ring or retainer ring. 
[0009] A thickness of a thin ?lm formed on a surface of a 
semiconductor Wafer varies from position to position in a 
radial direction of the semiconductor Wafer depending on a 
?lm deposition method or characteristics of a ?lm deposition 
apparatus. Speci?cally, the thin ?lm has a ?lm thickness 
distribution in the radial direction of the semiconductor 
Wafer. Since a conventional substrate holding apparatus, as 
described above, for uniformly pressing an entire surface of a 
semiconductor Wafer polishes the semiconductor Wafer uni 
formly over the entire surface thereof, it cannot realiZe a 
polishing amount distribution that is equal to the aforemen 
tioned ?lm thickness distribution on the surface of the semi 
conductor Wafer. Therefore, the conventional polishing appa 
ratus cannot suf?ciently cope With the ?lm thickness 
distribution in the radial direction, and insuf?cient or exces 
sive polishing is caused. 
[0010] Further, the aforementioned ?lm thickness distribu 
tion on the surface of the semiconductor Wafer varies depend 
ing on a type of a ?lm deposition method or a ?lm deposition 
apparatus. Speci?cally, positions and a number of portions 
having a large ?lm thickness in a radial direction and differ 
ences in thickness betWeen thin ?lm portions and thick ?lm 
portions vary depending on the type of a ?lm deposition 
method or the ?lm deposition apparatus. Therefore, a sub 
strate holding apparatus capable of easily coping With various 
?lm thickness distributions at loW cost has been required 
rather than a substrate holding apparatus capable of coping 
With only a speci?c ?lm thickness distribution. 
[0011] In a substrate holding apparatus having a structure 
for pressing a portion of a polishing surface that corresponds 
to a peripheral portion of a semiconductor Wafer by a guide 
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ring or retainer ring in order to prevent edge rounding, non 
uniform polishing such as edge rounding cannot suf?ciently 
be suppressed in some cases by merely controlling pressing 
forces of the aforementioned guide ring or retainer ring. Gen 
erally, no devices are formed on a peripheral portion of a 
semiconductor Wafer. Nevertheless, for a purpose of prevent 
ing elution of metal or other defects, it is required that a 
polishing rate is intentionally reduced at a peripheral portion 
of a semiconductor Wafer so that an underlayer ?lm is not 
exposed, or, on the contrary, a polishing rate is intentionally 
increased at a peripheral portion of a semiconductor Wafer so 
as to remove a ?lm on the peripheral portion of the semicon 
ductor Wafer. A conventional polishing apparatus cannot suf 
?ciently control a polishing rate at a peripheral portion of a 
semiconductor Wafer to a desired level. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in vieW of the 
above prior art. It is, therefore, a ?rst object of the present 
invention to provide a substrate holding apparatus and a pol 
ishing apparatus Which can polish a thin ?lm, formed on a 
surface of a Workpiece such as a semiconductor Wafer, having 
a ?lm thickness distribution, and can obtain a uniform ?lm 
thickness after polishing. 
[0013] Further, the present invention has been made in vieW 
of the above prior art in Which a polishing rate at a peripheral 
portion of a Workpiece cannot su?iciently be controlled to a 
desired level. It is, therefore, a second object of the present 
invention to provide a substrate holding apparatus and a pol 
ishing apparatus Which can uniformly polish a Workpiece 
such as a semiconductor Wafer While controlling a polishing 
rate at a peripheral portion of the Workpiece to a desired level. 
[0014] In order to attain the ?rst object, according to a ?rst 
aspect of the present invention, there is provided a substrate 
holding apparatus for holding and pressing a substrate to be 
polished against a polishing surface, characterized in that: the 
substrate holding apparatus comprises a top ring body having 
a receiving space therein, and a vertically movable member 
Which is vertically movable Within the receiving space in the 
top ring body; an abutment member having an elastic mem 
brane is attached to a loWer surface of the vertically movable 
member; the elastic membrane of the abutment member com 
prises an abutment portion, having ?anges projecting out 
Wardly and inWardly, brought into direct or indirect contact 
With the substrate, and connecting portion extending 
upWardly from base portions of the ?anges of the abutment 
portion and being connected to the vertically movable mem 
ber; and the connecting portions are made of a material hav 
ing a ?exibility higher than that of material of the abutment 
portion. 
[0015] With this arrangement, pressures to be applied to the 
substrate can independently be controlled, and hence a press 
ing force applied to a thicker area of a thin ?lm can be made 
higher than a pressing force applied to a thinner area of the 
thin ?lm, thereby selectively increasing a polishing rate of the 
thicker area of the thin ?lm. Thus, an entire surface of a 
substrate can be polished exactly to a desired level irrespec 
tive of a ?lm thickness distribution obtained at a time the thin 
?lm is formed. Further, even if the vertically movable mem 
ber is pressed doWnWardly for polishing, excessive doWn 
Ward forces are not applied to the substrate Which is brought 
into close contact With the abutment portion because the 
connecting portion is elastically deformed, so that a uniform 
polishing rate can be achieved in an area betWeen the base 
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portions of the ?anges. Further, even if the vertically movable 
member is lifted for polishing, excessive upWard forces are 
not applied to the abutment portion because the connecting 
portion is likely to extend, so that a vacuum is not formed near 
the base portions of the ?anges to achieve a uniform polishing 
rate in an area betWeen the base portions. 

[0016] According to a second aspect of the present inven 
tion, there is provided a substrate holding apparatus for hold 
ing and pressing a substrate to be polished against a polishing 
surface, characterized in that: the substrate holding apparatus 
comprises a top ring body having a receiving space therein, 
and a vertically movable member Which is vertically movable 
Within the receiving space in the top ring body; an abutment 
member having an elastic membrane is attached to a loWer 
surface of the vertically movable member; the elastic mem 
brane of the abutment member comprises an abutment por 
tion, having ?anges projecting outWardly and inWardly, 
brought into direct or indirect contact With the substrate, and 
connecting portions extending upWardly from base portions 
of the ?anges of the abutment portion and being connected to 
the vertically movable member; and the connecting portions 
comprise a thin portion having a thickness smaller than that of 
the abutment portion. 
[0017] With this arrangement, an entire surface of a sub 
strate can be polished exactly to a desired level irrespective of 
a ?lm thickness distribution obtained at a time the thin ?lm is 
formed. Simultaneously, even if the vertically movable mem 
ber is pressed doWnWardly for polishing, excessive doWn 
Ward forces are not applied to the substrate Which is brought 
into close contact With the abutment portion because the 
connecting portion is likely to be deformed at the thin portion, 
so that a uniform polishing rate can be achieved in an area 
betWeen the base portions of the ?anges. Further, even if the 
vertically movable member is lifted for polishing, excessive 
upWard forces are not applied to the abutment portion because 
the thin portions are likely to extend, so that a vacuum is not 
formed near the base portions of the ?anges to achieve a 
uniform polishing rate in an area betWeen the base portions. 
Particularly, When the thin portions are formed so as to be 
constricted inWardly in cross-section, these effects can effec 
tively be achieved. 
[0018] According to a third aspect of the present invention, 
there is provided a substrate holding apparatus for holding 
and pressing a substrate to be polished against a polishing 
surface, characterized in that: the substrate holding apparatus 
comprises a top ring body having a receiving space therein, 
and a vertically movable member Which is vertically movable 
Within the receiving space in the top ring body; an abutment 
member having an elastic membrane is attached to a loWer 
surface of the vertically movable member; the elastic mem 
brane of the abutment member comprises an abutment por 
tion, having ?anges projecting outWardly and inWardly, 
brought into direct or indirect contact With the substrate, and 
connecting portions extending upWardly from base portions 
of the ?anges of the abutment portion and being connected to 
the vertically movable member; and adhesiveness of a loWer 
surface of the base portions of the ?anges of the abutment 
portion is Weakened. 
[0019] With this arrangement, an entire surface of a sub 
strate can be polished exactly to a desired level irrespective of 
a ?lm thickness distribution obtained at a time a thin ?lm is 
formed. Simultaneously, even if the vertically movable mem 
ber is lifted for polishing, a vacuum is unlikely to be formed 
near the base portions of the ?anges because the base portions 
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of the ?anges is unlikely to be brought into close contact With 
the substrate. Therefore, a uniform polishing rate can be 
achieved in an area betWeen base portions. 

[0020] In this case, an intermediate member having a loW 
adhesiveness to the substrate may be disposed on a loWer 
surface of the base portions of the ?anges of the abutment 
portion to Weaken adhesiveness of the loWer surface of the 
base portions of the ?anges. Alternatively, adhesiveness 
betWeen the base portions of the ?anges and the substrate may 
be Weakened by, for example, forming a groove in the loWer 
surface of the base portions of the ?anges, or by forming the 
loWer surface of the base portions as a rough surface. 

[0021] According to a fourth aspect of the present inven 
tion, there is provided a substrate holding apparatus for hold 
ing and pressing a substrate to be polished against a polishing 
surface, characterized in that: the substrate holding apparatus 
comprises a top ring body having a receiving space therein, 
and a vertically movable member Which is vertically movable 
Within the receiving space in the top ring body; an abutment 
member having an elastic membrane is attached to a loWer 
surface of the vertically movable member; the elastic mem 
brane of the abutment member comprises an abutment por 
tion, having ?anges projecting outWardly and inWardly, 
brought into direct or indirect contact With the substrate, and 
connecting portions extending upWardly from base portions 
of the ?anges of the abutment portion and being connected to 
the vertically movable member; and a hard member made of 
a material harder than that of the elastic membrane is embed 
ded in the base portions of the ?anges of the abutment portion. 
In this case, the hard member should preferably have an 
annular shape. 
[0022] With this arrangement, an entire surface of a sub 
strate can be polished exactly to a desired level irrespective of 
a ?lm thickness distribution obtained at a time the thin ?lm is 
formed. Simultaneously, even if the vertically movable mem 
ber is doWnWardly pressed for polishing, excessive doWn 
Ward forces are not applied to the substrate Which is brought 
into close contact With the abutment portion because doWn 
Ward forces by the connecting portions are dispersed by the 
hard members, so that a uniform polishing rate can be 
achieved in an area betWeen base portions of the ?anges. 
Further, even if the vertically movable member is lifted for 
polishing, a vacuum is not formed near the base portions of 
the ?anges because the hard member prevents deformation of 
the vicinity of the base portions of the ?anges. Therefore, a 
uniform polishing rate can be achieved in an area betWeen the 
base portions of the ?anges. 
[0023] According to a ?fth aspect of the present invention, 
there is provided a substrate holding apparatus for holding 
and pressing a substrate to be polished against a polishing 
surface, characterized in that: the substrate holding apparatus 
comprises a top ring body having a receiving space therein, 
and a vertically movable member Which is vertically movable 
Within the receiving space in the top ring body; an abutment 
member having an elastic membrane is attached to a loWer 
surface of the vertically movable member; and the elastic 
membrane of the abutment member comprises an abutment 
portion, having ?anges projecting outWardly and inWardly, 
brought into direct or indirect contact With the substrate, an 
extending portion extending outWardly from a base portion of 
each ?ange to a position inWard of a tip of this ?ange to form 
a groove betWeen the extending portion and the ?ange of the 
abutment portion, and a connecting portion extending 
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upWardly from an outWard end of the extending portion and 
being connected to the vertically movable member. 

[0024] With this arrangement, an entire surface of a sub 
strate can be polished exactly to a desired level irrespective of 
a ?lm thickness distribution obtained at a time a thin ?lm is 
formed. Further, in a case Where the vertically movable mem 
ber is lifted for polishing after the substrate is brought into 
close contact With the abutment portion, upWard forces by the 
connecting portion are converted into forces in horizontal or 
oblique directions by the extending portion, and these con 
verted forces are applied to the base portions of the ?anges. 
Therefore, upWard forces applied to the base portions of the 
?anges can be made extremely small, so that excessive 
upWard forces are not applied to the abutment portion. 
Accordingly, a vacuum is not formed near the base portions, 
so that a uniform polishing rate can be achieved in an area 
betWeen the base portions. 
[0025] According to a preferred aspect of the present inven 
tion, the connecting portion positioned radially inWardly and 
the connecting portion positioned radially outWardly have 
different thicknesses. In this case, it is desirable that the 
connecting portion positioned radially inWardly has a thick 
ness smaller than a thickness of the connecting portion posi 
tioned radially outWardly. 
[0026] According to a preferred aspect of the present inven 
tion, the ?ange projecting radially outWardly and the ?ange 
projecting radially inWardly have different lengths. In this 
case, it is desirable that the ?ange projecting radially out 
Wardly has a length larger than that of the ?ange projecting 
radially inWardly. 
[0027] Because a cylinder having a smaller curvature gen 
erally has a stiffness larger than a cylinder having a larger 
curvature, a vertical force applied to the base portion of the 
?ange by the connecting portion positioned radially inWardly 
becomes larger than a force applied to the base portion of the 
?ange by the connecting portion positioned radially out 
Wardly. Therefore, With the above arrangement, forces 
applied to the base portions of the ?ange positioned radially 
inWardly and the ?ange positioned radially outWardly can be 
adjusted to the same level, or a sealing capability can be 
enhanced at the ?ange projecting radially outWardly, so that a 
uniform polishing rate can be achieved in an area betWeen the 
base portions. 
[0028] According to a sixth aspect of the present invention, 
there is provided a substrate holding apparatus for holding 
and pressing a substrate to be polished against a polishing 
surface, characterized in that: the substrate holding apparatus 
comprises a top ring body having a receiving space therein, 
and a vertically movable member Which is vertically movable 
Within the receiving space in the top ring body; an abutment 
member having an elastic membrane Which is brought into 
direct or indirect contact With the substrate is attached to a 
loWer surface of the vertically movable member; and the 
vertically movable member is made of a material having a 
large stiffness. 
[0029] With this arrangement, When the vertically movable 
member is made of a material having a large stiffness and a 
light Weight, e. g., epoxy resin, the vertically movable member 
becomes unlikely to be bent, so that polishing rates are pre 
vented from being locally increased. Further, When a material 
having no magnetism is selected as a material of the vertically 
movable member, a ?lm thickness of a thin ?lm formed on a 
surface of a semiconductor Wafer to be polished can be mea 




































