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POLISHING APPARATUS AND DRESSING 
METHOD 

[0001] The present invention relates to a polishing appa 
ratus for polishing a substrate, eg a semiconductor Wafer, in 
Which a ?xed abrasive member or an abrasive polishing disc 
is employed. More particularly, the present,invention relates 
to an arrangement of a dressing member used for dressing 
(regenerating) the ?xed abrasive member, and relates also to 
a method of dressing the said abrasive disc. 

[0002] With recent rapid progress in technology for fab 
ricating high-integration semiconductor devices, circuit Wir 
ing patterns have become increasingly ?ne. To produce such 
?ne circuit Wiring patterns, it is necessary for the surface of 
a substrate on Which such patterns are formed to be eXcep 
tionally ?at. To this end, a so-called chemical/mechanical 
polisher (CMP) has been Widely employed. A chemical/ 
mechanical polisher (CMP) comprises a turntable provided 
With a polishing cloth (pad) bonded thereto and a substrate 
carrier. The substrate carrier is designed to hold a semicon 
ductor substrate to be polished and bring it into contact With 
the polishing cloth. During a polishing operation, a chemical 
polishing liquid (slurry) containing abrasive particles is 
supplied to the polishing pad, and a surface of a substrate 
subject to a polishing operation is polished until it becomes 
?at and specular. 

[0003] HoWever, in conventional chemical/mechanical 
polishers (CMPs), there is a tendency for a “pattern depen 
dency” problem to arise. Namely, an area on Which a Wiring 
pattern having small pattern pitches is provided is subject to 
a relatively high degree of polishing, While an area provided 
With a Wiring pattern having large pattern pitches is subject 
to a relatively loW degree of polishing, Which creates incon 
sistencies in the form of undulations on the polished surface 
of the semiconductor substrate. As a result, it is dif?cult to 
obtain a polished surface having a requisite degree of 
?atness. Further, in a chemical/mechanical polisher (CMP) 
employing a polishing pad, When a substrate on Which a 
circuit pattern has been formed and thus there eXist raised 
portions and recessed portions on the surface of the sub 
strate, not only the raised portions, but also recessed portions 
are polished. This makes it impossible to cause the polisher 
to realiZe a so-called self-stop function Whereby the polisher 
substantially stops its polishing function or the polishing rate 
becomes nearly Zero When the raised portions have been 
sufficiently polished to thereby attain a high degree of 
?atness of the substrate surface. 

[0004] As an alternative to a conventional CMP, research 
has been conducted With a vieW to polishing semiconductor 
Wafers or the like by means of a ?Xed abrasive member 
comprising abrasive particles of, for eXample, cerium oXide 
(CeO2) bonded by a binder such as a phenolic resin. As 
compared With a conventional chemical/mechanical polish 
ing device Wherein a polishing pad is utiliZed, use of a ?Xed 
abrasive member is advantageous in that it is relatively easy 
to attain a requisite degree of ?atness of a polished surface 
since recessed portions formed in a circuit pattern area are 
not subject to polishing. In addition, if ?Xed abrasive mem 
bers are used in conjunction With particular kinds of abrasive 
particles, it is possible to realiZe the so-called self stop noted 
above. Furthermore, in utiliZing a ?Xed abrasive member no 
polishing slurry is required, Which is environmentally 
advantageous. 
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[0005] HoWever, in a semiconductor Wafer polishing pro 
cess using a ?Xed abrasive member, polishing ef?ciency, 
although high just after dressing of the ?Xed abrasive 
member, gradually deteriorates. Accordingly, in order to 
maintain ef?cient and effective polishing, it is necessary to 
dress or condition the ?Xed abrasive member before each 
polishing operation by using, for eXample, a dressing mem 
ber including a number of diamond particles bound to its 
surface so as to generate a suf?cient quantity of free or loose 
abrasive particles. HoWever, carrying out dressing of the 
?Xed abrasive member before each polishing operation is 
inef?cient and has a negative effect on productivity. 

[0006] Furthermore, using a dressing member provided 
With diamond particles to regenerate the surface of a rigid 
polishing member involves a problem in that the diamond 
particles are liable to become detached and scratch or 
otherWise damage the surface of a substrate to be polished. 

[0007] In vieW of the above-described circumstances, an 
object of the present invention is to provide a substrate 
polishing apparatus using a ?Xed abrasive member, Which is 
free from the problem that diamond particles may detached 
from the abrasive member and fall onto the polishing 
surface, and Which is capable of stably freed abrasive 
particles from the polishing surface of the abrasive member, 
thereby alloWing polishing to be performed at a stabiliZed 
polishing rate, and also provide an abrasive member dress 
ing method. 

[0008] Another object of the present invention is to pro 
vide a dressing apparatus or method capable of appropriately 
freeing abrasive particles from an abrasive member and thus 
increasing the lifetime of the abrasive member. 

[0009] The present invention provides a substrate polish 
ing apparatus comprising a ?Xed abrasive member having a 
polishing surface, the polishing surface being slidingly 
engaged With a substrate to be polished, and a dressing 
member having a dressing surface adapted to be slidingly 
engaged With the polishing surface of the ?Xed abrasive 
member for dressing the polishing surface. The dressing 
surface is provided With a plurality of projections having an 
angular portion of an obtuse angle of not less than 100°. 

[0010] In dressing of the ?Xed abrasive member, the 
dressing member surface is slidingly engaged With the 
polishing surface of the abrasive member thereby freeing 
suf?cient amount of abrasive particles from the abrasive 
member. Thus, in accordance With this invention, it becomes 
possible to eliminate a likelihood of detachment of diamond 
particles, such as is likely to occur in using a conventional 
diamond dressing member, and accordingly it is possible to 
prevent scratches or other damage being created on a surface 
of a substrate to be polished. As the dressing member, it is 
preferable to use a ceramic dressing member consisting 
essentially of SiC or diamond-like carbon. 

[0011] According to another aspect of the present inven 
tion, there is provided a substrate polishing apparatus com 
prising a ?Xed abrasive member having a polishing surface, 
the polishing surface being slidingly engaged With a sub 
strate to be polished, and a dressing member having a 
dressing surface adapted to be slidingly engaged With the 
polishing surface of the ?Xed abrasive member for dressing 
the polishing surface of the abrasive member. The dressing 
member is in the shape of a rod extending from a center of 
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the abrasive member to an outer periphery thereof. Thus, the 
rod-shaped dressing member and the surface to be dressed of 
the abrasive member come into line contact With each other 
uniformly over the entire radius of the abrasive member. 
This enables the dressing member to dress the abrasive 
member uniformly. 

[0012] According to another aspect of the present inven 
tion, there is provided a substrate polishing apparatus com 
prising a substrate carrier for carrying a substrate, a ?xed 
abrasive member having a polishing surface, the polishing 
surface being slidingly engaged With a substrate carried by 
the substrate carrier for effecting polishing, and a dressing 
member having a dressing surface adapted to be slidingly 
engaged With the polishing surface of the ?xed abrasive 
member for dressing the polishing surface. The dressing 
member is in the shape of a ring and provided on the 
substrate carrier in such a manner that the dressing member 
is placed around the substrate With the dressing surface 
being set ?ush With a surface of the substrate to be polished. 
In this polishing apparatus, abrasive particles are effectively 
and appropriately liberated from the abrasive member While 
effecting polishing. 
[0013] According to another aspect of the present inven 
tion, there is provided a method for dressing a polishing 
surface of a ?xed abrasive disc in a substrate polishing 
apparatus Wherein a substrate is brought into engagement 
With the polishing surface of the ?xed abrasive disc rotating 
about its axis, While rotating the substrate. The method 
comprises the steps of preparing a dressing member having 
a dressing surface, bringing the dressing surface of the 
dressing member into engagement With the polishing surface 
of the rotating ?xed abrasive disc and controlling a ratio of 
a number of revolutions of the dressing member to a number 
of revolutions of the ?xed abrasive disc so as to adjust 
conditions for dressing. In such a Way, the surface con?gu 
ration of the abrasive disc can be adjusted to the desired 
con?guration, Whereby even When the polishing surface of 
the abrasive disc is not ?at, the substrate surface can be 
polished at a requisite degree of ?atness. 

[0014] Preferably, the dressing surface of the dressing 
member is engaged With the polishing surface of the rigid 
rotating abrasive disc under a pressure of not more than 30 
g/cm2 so as to improve the stability of the polishing rate and 
to increase the lifetime of the abrasive disc. 

[0015] According to a further aspect of the present inven 
tion, there is provided a method for dressing a polishing 
surface of a ?xed abrasive member used in a substrate 
polishing process Wherein a substrate is brought into 
engagement With the polishing surface of the ?xed abrasive 
member and subjected to a relative sliding motion therebe 
tWeen thereby causing the substrate to be polished. The 
method comprises supplying the polishing surface of the 
?xed abrasive member With a liquid capable of dissolving a 
binder binding abrasive particles and forming the polishing 
surface of the ?xed abrasive member to promote generation 
of freed abrasive particles. In this method, it is not necessary 
to employ a dressing member. 

[0016] According to another aspect of the present inven 
tion, there is provided a method for dressing a polishing 
surface of a ?xed abrasive member used in a substrate 
polishing process Wherein a substrate is brought into 
engagement With the polishing surface of the ?xed abrasive 
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member and subjected to a relative sliding motion therebe 
tWeen thereby causing the substrate to be polished. The 
method comprises passing an electric current through the 
?xed abrasive member, thereby breaking bond of a binder 
binding abrasive particles of the ?xed abrasive member to 
promote generation of freed abrasive particles. 

[0017] According to another aspect of the present inven 
tion, there is provided a method for dressing a polishing 
surface of a ?xed abrasive member used in a substrate 
polishing process Wherein a substrate is brought into 
engagement With the polishing surface of the ?xed abrasive 
member and subjected to a relative sliding motion therebe 
tWeen thereby causing the substrate to be polished. The 
method comprises the steps of preparing the ?xed abrasive 
member containing photocatalyst in the polishing surface 
made of abrasive particles bound by a binder and irradiating 
the polishing surface of the ?xed abrasive member, thereby 
breaking bond of the binder in the polishing surface to 
promote generation of freed abrasive particles. 

[0018] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing description of the preferred embodiments 
thereof, taken in conjunction With the accompanying draW 
mgs. 

[0019] FIGS. 1(a), 1(b), 1(c) and 1(LD are sectional vieWs 
shoWing various con?gurations of dressing surfaces of 
dressing members according to a ?rst embodiment of the 
present invention. 

[0020] FIG. 2(a) is a plan vieW of a polishing apparatus 
having a rod-shaped dressing member according to a second 
embodiment of the present invention. 

[0021] FIG. 2(b) is a side elevational vieW of the appa 
ratus of FIG. 2(a). 

[0022] FIG. 3(a) is a plan vieW of a modi?cation of the 
polishing apparatus illustrated in FIG. 2, 

[0023] FIG. 3(b) is a side elevational vieW of the appa 
ratus of FIG. 3(a). 

[0024] FIG. 4 is a diagram shoWing examples of the 
sectional con?gurations of the rod-shaped dressing members 
taken along the lines IV-IV in FIGS. 2 and 3. 

[0025] FIG. 5 is a side elevational vieW of another modi 
?cation of the polishing apparatus illustrated in FIG. 2, in 
Which the rod-shaped dressing member is in the shape of a 
roll. 

[0026] FIG. 6(a) is a cross sectional side elevation vieW of 
a polishing apparatus according to a third embodiment of the 
present invention. 

[0027] FIG. 6(b)is a cross sectional side elevation vieW of 
a modi?cation of the polishing apparatus of FIG. 6(a). 

[0028] FIG. 7(a) is a cross sectional side elevation vieW of 
a modi?cation of the apparatus of FIG. 7(a). 

[0029] FIG. 8 is a diagram shoWing polished surface 
con?gurations varying according to the ratio of the number 
of revolutions of a dressing member to that of a turntable. 

[0030] FIG. 9(a) is a plan vieW of a polishing apparatus 
according to a fourth embodiment of the present invention. 
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[0031] FIG. 9(b) is a cross sectional side elevation vieW of 
the apparatus of FIG. 9(a). 

[0032] FIG. 10(a) is a diagram showing a relationship 
betWeen the dressing surface pressure and the number of 
substrates polished. 

[0033] FIG. 10(b) is a diagram shoWing a relationship 
betWeen the dressing surface pressure and the rate of pol 
ishing. 
[0034] FIG. 11 is a side elevational vieW of a polishing 
apparatus in Which a dressing method according to a siXth 
embodiment of the present invention is conducted. 

[0035] FIG. 12 is a side elevational vieW of a polishing 
apparatus in Which a dressing method according to a seventh 
embodiment of the present invention is conducted. 

[0036] FIG. 13 is a side elevational vieW of a modi?cation 
of the polishing apparatus illustrated in FIG. 12, in Which a 
laser light source is used as a light source. 

[0037] FIG. 14 is a side elevational vieW of a polishing 
apparatus in Which a dressing method according to an eighth 
embodiment of the present invention is conducted. 

[0038] FIG. 15 is a side elevational vieW of a polishing 
apparatus according to a ninth embodiment of the present 
invention. 

[0039] FIG. 16 is a side elevational vieW of a polishing 
apparatus according to a tenth embodiment of the present 
invention. 

[0040] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 

[0041] FIG. 1 shoWs various con?gurations of dressing 
surfaces of a ceramic dressing member according to a ?rst 
embodiment of the present invention. These dressing sur 
faces are, as shoWn, provided With a plurality of projections 
having an angle or angles of not less than 100°. The dressing 
member is used to dress or condition a ?Xed abrasive 
member, Which includes a rigid member or base member and 
a number of abrasive particles adhered to the rigid member 
and is employed in a substrate polishing apparatus for use in 
polishing a semiconductor substrate, by slidingly engaging 
the dressing surface thereof With the ?Xed abrasive member. 
FIG. 1(a) shoWs a triangular Wave-shaped dressing surface. 
FIG. 1(b) shoWs a rectangular Wave-shaped dressing sur 
face. More speci?cally, the ceramic dressing member 11a 
has a triangular Wave-shaped dressing surface comprising a 
plurality of triangular projections each having an obtuse 
angle 0t of not less than 100°. Similarly, the ceramic dressing 
member 11b has a rectangular Wave-shaped dressing surface 
comprising a plurality of rectangular projections having 
obtuse angles [3 of not less than 100°. The ceramic dressing 
member is preferably made from SiC, With the said projec 
tions having a height of around 0.5 mm and a pitch of about 
0.5 mm as shoWn in FIGS. 1(a) and 

[0042] Using the ceramic dressing member With dressing 
surfaces 11a, 11b it is possible to liberate a sufficient amount 
of abrasive particles from a ?Xed abrasive member by 
simply sliding the dressing surfaces against the projections 
on the polishing surface of the ?Xed abrasive member, as 
opposed to an operation in Which a conventional polishing 
pad is utiliZed a Wherein it is necessary for a dressing 
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member to abrade the surface of the polishing pad by means 
of diamond particles Which are provided, for eXample, on 
the dressing member. As stated above, these diamond par 
ticles are liable to become detached from the dressing 
member, fall onto the surface of a polishing pad and thereby 
cause damage in the form of scratches or otherWise to the 
surface of a semiconductor substrate surface during a sub 
sequent polishing operation. 

[0043] FIGS. 1(c) and 1(LD shoW dressing members 11c 
and 11d, respectively, each having a coating layer 12 of a 
diamond-like carbon (DLC) or similar material formed on a 
metal base by a so-called dynamic miXing method or other 
?lm forming method. The angles 0t and [3 in the coating 
layers 12 each form an obtuse angle of not less than 100°, 
as is the case in FIGS. 1(a) and 1(b). The use of the dressing 
member 11c or 11d coated With diamond-like carbon by, for 
eXample, the dynamic miXing method also eliminate a 
likelihood of detachment of diamond particles, such as is 
likely to occur in using a conventional diamond dressing 
member, and accordingly it is possible to prevent scratches 
or other damage being created on a surface of a substrate to 
be polished. In addition, a suf?cient number of free or loose 
abrasive particles can be generated. 

[0044] FIGS. 2 to 5 shoW a polishing apparatus according 
to a second embodiment of the present invention. FIGS. 2 
and 3 shoW a substrate polishing apparatus Wherein a 
surface of a substrate is polished by placing the substrate 
surface on the polishing surface of a ?Xed abrasive disc 20 
under pressure. The abrasive disc 20 is bonded to a turntable 
24. A substrate to be polished (not shoWn) is held by a 
substrate carrier 21 and brought into contact With the pol 
ishing surface of the abrasive disc 20 under the operation of 
an actuator (not shoWn). The turntable 24 and the substrate 
carrier 21 rotate about their oWn aXes. Consequently, the 
surface to be polished of the substrate and the abrasive disc 
20 are caused to slide against each other thereby polishing 
the surface of a substrate to be polished. 

[0045] In general, a polishing apparatus is provided With 
a dressing member for dressing a ?Xed abrasive disc, With 
the abrasive disc being dressed prior to a polishing opera 
tion. As has been stated above, because the abrasive disc is 
generally rigid in comparison With a polishing cloth (pad) of 
a conventional CMP apparatus, the abrasive disc itself is 
required to be ?at in order for a substrate surface to be 
polished to a requisite degree of ?atness. HoWever, in the 
conventional dressing process a dressing member With a 
disk-shaped dressing surface having a diameter Which is 
smaller than the radius of the abrasive disc is generally used. 
As a result, the dressing surface is able to be applied to only 
a part of an actual area of a polishing surface of the abrasive 
disc. This means that a dressing operation may not be carried 
out uniformly across the entire surface of the abrasive disc. 
To solve this problem, as shoWn in FIGS. 2 and 3, a 
rod-shaped dressing member 15a or 15b extending from the 
center of the abrasive disc 20 to the outer periphery thereof 
is used. 

[0046] FIG. 2 shoWs an eXample in Which a rod-shaped 
dressing member 15a eXtends from the center C of the 
abrasive disc 20 to the outer periphery O. Similarly, FIG. 3 
shoWs an eXample in Which a rod-shaped dressing member 
15b eXtends diametrically to the abrasive disc 20 betWeen 
the outer peripheral surfaces O1 and 02, passing through the 














