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·:·.· ., POLI.$HING APPARATUS AND DRESSING METHOD 
BACKGROUND OF THE INVENTION 

The present invention relates to a polishing apparatus 
for polishing a substrate, e.g. a semiconductor wafer, in 

. ' 
5 which a,f.ixed abrasive member or an abrasive po1ishing disc 

10 

is emp1oyed. More particularly, the present invention 
re1ate~ to an arrangement of a dress~ng member used for 
dressing (regenerating) the fixed abrasive member, and 
relates also to a method of dressing the said abrasive disc. 

With recent rapid progress in technology for 
fabricating high-integration semiconductor devices. circuit 
wiring patterns have become increasingly fine. To produce 
such fine circuit wiring patterns, it is necessary for the 
surface of a substrate on which such patterns are formed to 

15 be exceptionally flat. To th~s end, a so-oa1led 
chemica1/mechan1cal polisher (CMP) has been widely employed. 
A chemical/mechanical polisher (CMP) comprises a turntable 
prov.:lded w.ith a polish.:1.ng cloth (pad) bonded thereto and a 
substrate carr~er. The substrate carrier is designed to 

20 ho1d a semiconductor substrate to be polished and bring it 
into contact with the po1isb1ng cloth. During a polishing 
operat1on, a chemical po1ish~ng liquid (slurry) containing 
abrasive partio1es is supplied to the polishing pad, and a 
surface of a substrate subject to a po11shing operation is 

25 polished unt11 it becomes flat and specular. 
However, in conventional chemical/mechanical polishers 

(CMPs), there is a tendency for a •pattern dependencyn 
problem to arise. Namely, an area on which a w1rin9 pattern 
having sma11 pattern pitches is provided is subject to a 

30 rel.atively high degree of polishing, while an area provi.ded 
with a wiring patte~ ha~i.ng 1arge pattern pitches 1s 
subject to a relatively low degree of po11shing, which 
creates inconsistencies in the form. of undulations on the 
polished surface of the ~emiconductor substrate. As a 

35 result, it is difficult to obtain a polished surface 
having .a requisite degree of flatness. Further, in a 
chemical/mechan~cal po1isher (CMP) employing a polishing pad, 
when a substrate on which a circuit pattern has b.een formed 



- 2 -

and thus there exist raised portions and recessed portions 
on the surface of the substrate, not only the ra~sed 
portions, but also recessed portions are polished. This 
makes it .impossible to cause the polisher to realize a so-

s called self-stop function whereby the polisher substantially 
stops its polishing £unction or the polishing rate becomes 
near1y zero when the raised portions have been sufficiently 
po.lished to thereby attain a high degree o:f flatness of the 
substrate surface. 

10 As an alternative to a conventiona1 CMP, research has 
been conducted with a view to polishing semiconductor wafers 
or the like by means of a fixed abrasive member comprising 
abrasive particles of. for example, cerium oxide (Ce02 ) 

bonded by a bi.nder such as a phenolic resin. As compared 
15 with a conventional chemical/mechanical polishing device 

wherein a polishing pad is utilized, use of a fixed abrasive 
member is advantageous in that it is relatively easy to 
attai.n a requisite degree of flatness of a polished surface 
since recessed portions formed in a circuit pattern area are 

20 not subject to polishing. In addition, 1f fixed abras1ve 
members are used in conjunction with particular kinds of 
abrasive particles, it is possib1e to realize the so-ca1led 
self stop noted above. Furthe:cmore, in ut1.J..1zing a f:Lxed 
abrasive member no polish1ng slurry is requ.ired~ wh.1ch is 

25 env~ronmentally advantageous. 
However, in a sem~conduotor wafer polishing process 

usi.ng a fixed abrasive member, polishing efficiency, 
although high just after dressing of the fixed abrasive 
memb~r. gradually deteriorates. Accordingly, in order to 

30 maintain effic~ent and effective polishing, it 1s necessary 
to dress or condition the f.ixed abrasive member before each 
polishing operation by using, for example, a dressing member 
1.ncluding a number of diamond particles bound to .:1.ts surface 
so as to generate a sufficient quantity of free or loose 

35 abrasive particles. However, carryi.ng out dressing of the 
fixed abrasive member before each polishing operation is 
inefficient and has a negative effect on productivity. 

Furthermore, using a dressing member·provided with 
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diamond particles to regenerate the surface of a rigid 
po1~shing member involves a problem in that the diamond 
particles are 1iable to become detached and scratch or 
otherwise damage the surface of a substrate to be polished. 

5 SUMMARY OF THE INVENTION 
In view of the above-described circumstances, an 

object of the present invention is to provide a substrate 
polishing apparatus using a f.1.xed abrasive member, which is 
free from the problem that diamond particles may detached 

10 from the abrasive member and fall onto the polishing surface, 
and which is capable of stably freed abrasive part~cles 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 dressing method. 

15 Another object of the present invention is to provide 
a dress~ng apparatus or method capable of appropriately 
freeing abrasive particles from an abrasive member and thus 
increasing the Xifeti.me of the abrasive member. 

The presen~ invention provides a substrate polishing 
20 apparatus compris~ng a fixed abrasive member having a 

polishing surface, the polishing surface being slidingly 
engaged with a substrate to be polished, and a dressing 
member ~aving a dressing surface adapted to be slidingly 
engaged with the pol~shing surface of the fixed abrasive 

25 member for dressing the polishing surface. The dressing 
surface is provided with a plurality of projections having 
an angul.ar portion 0£ an obtuse angle of not less than 100°. 

In dressing of the fixed abrasive member, the dressing 
member surface is slidingly engaged with the polishing 

30 surface of the abrasive member thereby freeing sufficient 
amount of abrasive particles from the abrasive member. Thus, 
in accordance with this invention, it becomes possible to 
e1im1nate a likelihood of detachment of diamond particles. 
such as is likely to occur in using a conventional diamond 

35 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 
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essentially of SiC or diamond-like carboh . 
. According to another aspect of the present invention~ 

there is provided a substrate polishing apparatus comprising 
a £1.x:ed abrasive member having a polishing surface, the 

s polishing surface being slidingly engaged with a substrate 
to be polished, and a dressing member having a dressing 
surface adapted ~o be slidingly engaged with the polishing 
surface of the fixed abrasive member for dressing the 
polishing surface of the abrasive member. The dressing 

10 member is in the shape of a rod extending from a center of 
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 un~formly over the entire radius of the abrasive 

15 member. This enables the dressing member to dress the 

abrasive member uniformly. 
According to another aspect of the present invent1on, 

there is provided a substrate polishing apparatus comprising 
a substrate carrier for carrying a substrate, a f1.xed 

20 abrasive member having a polish1.ng surface, the polishing 
surface being slidingly engaged with a substrate carried by 

the substrate carrier ~or effecting polish1.ng, and a 
dressing member having a dressing surface adapted to be 
slid1.ngly engaged with the polishing surface of the fixed 

25 abrasive member for dressing·the pol1.shing 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 flush with a surface of the substrate to 

30 be polished. In tlU.s polish1.ng apparatus. abras1.ve 
particles are effectively and appropriately liberated from 
the abrasive member while effecting polishing. 

According to another aspect of the present 1nvent1.on, 
there is provided a method for dressing a polishing surf ace 

35 of a fixed abras1.ve disc in a substrate polish1.ng apparatus 
·wherein a substrate is brought into engagement 'llt.ith the 
po1ishing surface of the fixed abrasive disc rotating about 
its axis, while rotat1.ng the substrate~ The method 
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comprises the steps of preparing a dressing member having a 

dressing surfac~, bringing the dressing surface of the 

dressing member into engagement with the polishing surface 
of the rotating fixed abrasive disc and controlling a ratio 

. 5 of a number of revolutions of the dressing member to a 
nwnber of revolutions of the fixed abrasive disc so as to 
adjust conditions for dressing. In such a wayr the surface 

configuration of the abrasive disc can be adjusted to the 

desired con£igurat1on. whereby even when the polishing 
10 surface of the abrasive disc is not flat, the substrate 

surface can be polished at a requisite degree of flatness. 
Pre~erably, the d~essing surface of the dress~ng 

member is engaged w1th the polishing surface of the rigid 
rotating abrasive disc under a pressure of not more than 

15 30 g/cm2 so as to improve the stability of the polishing 
rate and to increase the lifetime of the abrasive disc. 

According to a further aspect of ~he present invention, 

there ~s provided a method for dressing a polishing surface 
of a f~xed abrasive member used in a substrate polishing 

20 process wherein a substrate is brought into engagement with 
the po11shing surface of the fixed abrasive member and 
subjected to a relative s.11ding motion therebetween thereby 
causing the substrate to be polished. The method compr1ses 

supp1y1ng the polishing surface of the ,fixed abrasive 
25 member with a liquid capable of dissolving a binder binding 

abrasive particles and forming the polishing surface of 
the fixed abrasive member to promote generation of freed 
abrasive partic1es. In this method, it is not necessary to 
emp1oy a dressing member. 

30 According to another aspect of the present invention, 
there ~s provided a method. for dressing a polishing surface 

of a fixed abrasive member used in a ~ubstrate polishing 

process wherein a substrate is brought into engagement with 
the polishing surface of the fixed abrasive member and 

35 subjected to a relative sliding motion therebetween thereby 

caus.ing the substrate to be po1ished. The method comprises 

passing an electric current through the fiXed abrasive 

member, thereby breaking bond of a binder binding abrasive 
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particles of the fixed abrasive member to promote generation 
0£ freed abrasive particles. 

According to another aspect of the present invention, 
there is provided a method for dressing a polishing surface 

s of a fixed abrasive member used in a substrate polishing 
process wherein a substrate is brought into engagement with 
the polishing surface of the fixed abrasive member and 
s~bjected to a relative sliding motion tberebetween thereby 
causing the substrate to be polished. The method comprises 

10 the steps of preparing the fixed abrasive member containing 
photooatalyst in the polishing surface made of abrasive 
particles bound by a binder and irradiating the polish.ing 
surface of the fi.xed abrasive member, thereby breaking bond 
of the bi.nder in the pol~sh~ng surface to promote generation 

15 of freed abrasive partic1es. 
The above and other objects, features and advantages 

of the present invention wi11 become more apparent from the 
fo11owing description of the preferred embodiments thereof, 
taken in conjunction with the accompanying drawings. 

· 20 BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. l(a), l(b), l(o) and l(d) are sectional views 

show.1.ng various configurations of dressing surfaces of 
dressing members according to a first embodiment of the 
present invention. 

25 F~g. 2(a) is a plan view of a polish.1.ng apparatus 
having a rod-shaped dressing member accord,j.ng to a second 
embodiment of the present invent1on. 

Fig. 2(b) is a side e1evationa1 view of the apparatus 
of Fig. 2(a). 

30 Fig. 3(a) is a plan view of a modification of the 
polishing apparatus illustrated in Fig. 2, 

Fig. 3(b) is a side elevat1ona1 view of the apparatus 
of Fig. 3(a). 

Fig. 4 is a diagram showing examples of the sectional 
35 configurations of the rod-shaped dressing members taken 

along the lines IV-IV in Figs. 2 and s. 
F~g. 5 is a side elevationa1 view of another 

modification of the polishing apparatus illustrated in 
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Fig. 2, in which the rod-shaped dressing member is in the 
shape of a roil. 

Fig. 6(a) is a cross.sectional side elevat~on view of 
a polishing apparatus according to a third embodiment of the 

5 present invention. 

10 

Fig. 6(b)1s a cross sectional side elevation view of a 
modification of the po1ishing apparatus of Fig. 6(a). 

Fig. 7{a) is a cross sectional side elevation view of 
a modification of the apparatus of Fig. 7(a). 

Fig. 8 is a diagram showing polished surface 
configurations varying according to the ratio of the number 
of revolutions of a dress~ng member to that of a turntab1e. 

Fig. 9(a) is a plan view of a polishing apparatus 
according to a fourth embodiment of the present invention. 

15 Fig. 9(b) is a cross sectional side e1evation view of 
the apparatus of Fig. 9(a). 

Pig. lO(a) is a diagram show1ng a re1ationship between 
the dressing surface pressure and the number of substrates 
po1ished. 

20 Fig. lO(b) is a diagram showing a relationship between 

25 

the dressing surface pressure and the rate of polishing. 
Fig. 11 is a side·e1evational view of a po1ish1ng 

apparatus in which a dressing method. according to a sixth 
embodiment of the present invention is conducted. 

Fig. 12 is a s1de elevational view of a polishing 
apparatus in which a dressing method according to a seventh 
embodiment of the present invention is conducted. 

Fig. 13 is a side elevational view of a modification 
of the polishing apparatus illustrated in Fig. 12, in which 

30 a laser light source is used as a light source. 
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. 

Fig. 15 is a side elevational view of a polishing 
35 apparatus according to a ninth embodiment of the present 

invention. 

Fig. 16 is a side elevational view of a polishing 
apparatus according to a tenth embodiment of the present 
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invention. 
DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be described 
below with reference to the accompany1ng drawings. 

5 Fig. 1 shows var~ous configurations of dressing 
surf aces of a ceramic dressing member according to a first 
embodiment of the present invention. These dressing 
surfaces are, as shown, provided with a plurality of 
projections having an angle or angles of not 1ess than 100° . 

. 10 The dressing member is used to dress or condition a fixed 
abrasive member, which includes a rigid member or base 
member and a number of ~brasive particles adhered to the 
rigid member and is employed in a substrate polishing 
apparatus for use in polishing a semiconductor substrate, by 

15 s1iding1y engag1ng the dressing surface thereof with the 
f.i.xed abras.1.ve member. Fig. l(a) shows a triangular wave­
shaped dress~ng surface. Fig. l(b) shows a rectangular 
wave-shaped dressing surface. More spee1fioa11y, ~he 
ceram~c dressllig member lla has a trianguiar wave-shaped 

20 · dressing surface comprising a plural~ty of triangular 
project~ons each having an obtuse angle a of not less than 
lOOQ. Si.m~larly, the cerami.c dressing member llb has a 
rectangu1ar wave-shaped dressing surface compr~sing a 
p1ura1ity of rectangular project~ons having obtuse angles ~ 

25 of not less than 100°. The ceramic dressing member is 
preferab1y made from SiC. with the said projections ~aving a 
height of around 0.5 mm and a pitch of about o.s mm. as shown 
in Figs. l(a) and (b). 

Using the ceramic dressing member with dressing 
30 surfaces lla, llb it is possib1e to liberate a sufficient 

amount of abrasive particles from a fixed abrasive member by 
s.1.mply sliding the dressing surfaces against the projections 
on the polish.j_ng surface of the fixed abrasive member. as 
opposed to an operation in which a conventional po1~sh1ng 

35 pad ~s utilized a wherein it is necessary for a dressing 
member to abrade the surf ace of the polishing pad by means 
of diamond part~cles which are provided, for example, on the 
dressing member. As stated above, these diamond particles 
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are liable to become detached from the dressing member, fall 
I 

onto the surface of a po11sh~ng pad and thereby cause damage 
in the form of scratches or otherwise to 'the surface of a 
semiconductor substrate surface dur1ng a subsequent 

5 po11sh1ng operation. 
Figs. l(c) and l(d) show dressing members llc and lld, 

respectively, each having a coating 1ayer 12 of a diamond­
like carbon (DLC) or similar material formed on a metal base 
by a so-called dynam:i.c mixing method or other f~lrn form~ng 

10 method. The angles a and ~ in the coating 1ayers 12 each 
form an obtuse angle of not less than 100°, as is the ease 
in Figs. l(a) and l(b). The use of the dressing member 
llc or lld coated with diamond-like carbon by, for example, 
the dynami.c mixing method also el.i.minate a 11kel1.hood of 

15 detachment of diamond partic1es, such as is like1y to occur 
~n us~ng a conventional diamond dressing mernbex, and 
accordingly it is possib1e to prevent scratches or other 
damage be1ng created on a surface of a substrate to be 
polished. In addition, a sufficient number of free or loose 

20 abrasive particles can be generated. 
Figs. 2 to 5 show a pol~shing 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 p1acing the substrate surface on 

25 the polishing surface of a f1Xed abrasive disc 20 under 
pressure. The abrasive disc 20 is bonded to a turntable 24. 
~ substrate to be polished (not shown) is held by a 
substrate carrier 21 and brought into contact with the 
po11shing surface of the abrasive disc 20 under the 

30 operation of an actuator (not shown). The turntable 24 and 
the substrate carrier 21 rotate about their own axes. 
Consequent1y1 the surface to be polished of the substrate 
and the abrasive d1sc 20 are caused to slide against each 
other thereby polishing the surface of a substrate to be 

35 polished. 
In general, a polishing apparatus is provided.with a 

dressing member for dressing a fixed abrasive disc, with the 
abrasive disc being dressed prior to a polishing operation. 
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As has been stated above, because the abrasive disc is 
genera11y rigid in comparison with a po1~shing cloth (pad) 
of a conventional CMP apparatus, the abrasive disc itself is 

required to be flat in order for a substrate surface to be 
5 polished to a reqUisite degree of flatness. However, in the 

conventional dressing process a dressing member with a disk­
shaped dressing surf ace having a d~ameter which is smal1er 
than the radius of the abrasive disc is generally used. As 
a result, the dressing surface is able to be.applied to only 

10 a part of an'actua1 area of a polishing surface of the 
abrasive disc. This means that a dressing operation may not 
be carried out unif o.rm1y across the entire surface of the. 
abrasive disc. To solve this problem, as shown in F~gs. 2 
and 3, a rod-shaped'dressing member 15a or 15b extencU.ng 

15 from the center of the abras~ve disc 20 to the outer 
periphery thereof is used. 

Fig. 2 shows an examp1e in wh1ch a rod-shaped dressing 
member l5a extends from the center c of the abrasive disc 20 
to the outer per1phe.:ty o. Similarly, Fig. 3 shows an 

20 exarnp1e in which a rod-shaped dressing member lSb extends 
diametrical1y to the abrasive disc 20 between the outer 
periphera1 surfaces 01 and 02 , passing through the center c 

25 

0£ the abrasive disc 20. 
substrate to be polished. 
about its own ax.is while 

A substrate carrier 21 ho1ds a 
The substrate carrier 21 rotates 

pressing the substrate against the 
po11shing surface of the abrasive disc 20 under a 
predetermined pressure. Consequently, the substrate slides 
against the polishing surface of the abrasive disc 20, which 
is a1so rotating, and thus po1ishing of the substrate 

30 proceeds, as stated above. In a dressing operation. the 
rod-shaped dressing member 15a or lSb is activated by a 
pressing cylinder 22, at which time the abrasive d1sp 20 
secured to the turntable 24 is rotated. In this manner, the 
polishing surface of the abrasive disc 20 is dressed. 

35 Because the rod-shaped dressing member 15a or 15b and the 
surf ace to be dressed of the abrasive disc 20 come in line 
contact with each other uniformly over the entire radius of 
the abrasive disc 20, ~t is possible to dress the abrasive 
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disc 20 un1£ormly in its rad~al' direction. Moreover, 
dressing can be pe~formed in an in-situ state while the 
substrate held by the substrate carrier 21 is being polished 
with the abrasive disc 20. 

Pig. 4 shows examp1es of sectional configurations of 
the rod-shaped dressing members shown in Figs. 2 and 3, 

taken along the lines IV-IV. As i1lustrated in the figure, 
the sectional configuration of the rod-shaped dressing 
members 15a and l5b may be circular, square. triangular or 

10 hexagonal. It is preferable for the rod-shaped dressing 
members lSa and 15b to be prov1ded with one of the dressing 

15 

surfaces shown in Fig. 1. Howeyer, the dressing surface of 
the rod-shaped dressing members 15a and lSb is not 
necessarily l:lmited to those shown in Fig. l. 

Fig. 5 shows a structural example of a polishing 
apparatus including a rod-shaped dressing member which has a 
circu1ar sectional configUration and which is rotatable 
about its axis. A rod-shaped dressing member 15~ is a 
roller having a circular sectional conf1guration. The rod-

20 shaped dressing member lSc has a center shaft 16 supported 
by bearings 17. · The center shaft 16 is rotatively driven by 

a motor 18. The rotating rod-shaped dressing mamber 
(ro11er) 15c is pressed against a polishing surface of an 
abrasive d.1.sc 20 by means of a pressing cylinder 22 through 

25 a support portion 23. The abrasive d.1.sc 20 is secured to a 
turntable 24. Meanwhile, a substrate carrier 21 holds a 
substrate to be polished, e.g. a semiconductor wafer. The 
substrate carrier 21 rotates while pressing the substrate 
against the polishing surface of the abrasive disc 20. Thus. 

30 polishing proceeds. As wi1i be apparent, in this polishing 
apparatus, the rod-shaped dressing member lSc itself rotates, 
and the abrasive disc 20 secured to the turntable 24 also 
rotates. Therefore. the dress~ng member 15c and the surface 
to be dressed of the abrasive disc 20 come into line contact 

35 with each other unifonnly over the radius of the abrasive 
disc 20. In this manner an.appropriate dressing operation 
can be provided with respect to the abrasive diso 20. 

Figs. 6(a) and {b) each show an essential part of a 
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substrate polishing apparatus according to a third 
embodim,~nt of the present ~nvention, particularly a 
substrate carrier and proximate portions. In this polishing 
apparatus, a dressing member 25a is provided on the surface 

s of a guide ring 25 provided on the outer periphery of a 
substrate carrier 21 for holding the outer peripheral 
portion of a substrate W to be polished. Alternatively, the 
guide ring itself can be formed from a dressing member 25b. 
In Fig. 6(a)r a guide ring 25 is movably fitted to the outer 

10 per~pheral portion of a substrate carrier 21 f?r pressing a 
semiconductor wafer W as a substrate to be polished against 
the polishing surface of an abrasive disc 20, while sliding 
the semiconductor wafer W across the polish1ng surface, and 
a dressing member 2Sa is fitted to the lower end surface of 

15 the guide ring 25. Accordingly, the dressing surface of'the 
dressing member 25a s11des across the polishing surface of 
the abrasive disc 20, thereby dressing the po1ishing surface 
of the abrasive disc 20. The dressing member 25a may 
consist of. for examp1e, a dressing member provided with a 

20 coating layer of diamond-like carbon or a simi1ar material 
on a metal base 25 by means of dynamic m1xin9 or another 
film forming method. 

Fig. 6(b) shows an example in which the guide ring 25a 
is adapted to effect the function of a dressing member. For 

25 examp1e, the guide ring is formed from a ceramic material, 
e.g. SiC and the lower end surface thereof is used as a 
dressing member surface. In this case also, the dressing 
surf ace of a guide ring 25b provided on the outer peripheral 
portion of a rotating substrate carrier 21 slides across the 

30 polishing surface of an abrasive d~sc 20 provided on a 
rotating turntable 24, to thereby dress the polishing 
surface of the abrasive disc 20, as in the case of Fig. 6(a). 
In accordance with this in~ention, freed abrasive particles 
can be generated during polishing and effectively supplied 

35 to the interface between the substrate W to be polished and 
the abrasive d~sc 20. 

Fig. 7 shows another embodiment of the present 
invention. In this embodiment, there are provided an 
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abrasive ring 20a, a substrate holder 27 and a dressing 

member 28. The dressing member 28 is provided in such a way 

as to surround the outer periphery of a substrate W as 

placed on the substrate holder 27 to serve as a guide ring 

5 for holding the substrate W. The dressing member 28 is 

provided with a dressing surface on the upper area thereof. 

In this embodiment, the dressing member 28 is placed around 

the substrate W in such a manner that the dressing surface 

of the dressing member 28 is flush with the surface of the 

10 substrate W to be pol1shed. The cup-shaped abrasive ring 

20a is subject to a circular orbital motion or rotationa1 

translational motion. Consequently, the abrasive ring 20a 

is dressed during polishing, w~th freed abrasive partic1es 

being generated and supp1ied to the surface undergoing 

15 po1ishing. Thus, because freed abrasive particles can be 

effectively supplied to the surface to be polished of the 

substrate W, efficient po1ishing ean be performed. It 

shou1d be noted that in Fig. 7 the numeral 29 denotes a 

support p1ate which functions to keep the abrasive ring 20a 

20 flush with the surface of the substrate W to be polished. 

Figs. 8 and 9 are diagrams illustrating a fourth 

embodiment of the present invention. In the process of 

po1ishi.ng a substrate, e.g. a sem~conduetor wafer, using an 

abrasive disc, the configuration of the polished surface of 

25 the substrate is apt vary in conformity with the surface 

configuration of the abrasive disc. The configuration of 

the polishing surface of the abrasive disc in turn varies 

according to the ratio of the number of revolutions of the 

turntable in rotating the abrasive disc to the number of 

30 revolutions of the dressing member. Thus, the surface 

configuration of the abrasive disc can be altere~ by 

controlling the said ratio# thereby enabling the polished 

surface configuration of the substrate to be altered 

accordingly. 
35 Fig. 8 shows the result of an experiment carried out 

to examine the relat~onship between the ratio of the number 

of revo1ut1ons of the dressing member to that of the 

turntable and the surface configuration of the abrasive disc. 
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The abscissa axis shows the distance (mm) from the center of 

the abrasive disc, and the ordinate axis shows the height 

(in microns) of the surface of the abrasive disc. In Fig. 8, 

the relationship between the distance from the abrasive d1sc 

5 center and the height of the abrasive disc surf ace is shown 

using the number-of-revolutions ratio as a parameter. As 

wi11 be understood from Fig. 8, when the number of 

revolutions of the dressing member is low with respect to 

the number of revolutions of the turntab1e, e.g. the number-

10 of-revolutions ratio (the number of revolutions of ·the 

dressing member/the number of revolutions of the turntable) 

= 0.24, the polishing surface of the abrasive disc assumes a 

general hi1l-like form, in which the central portion is 

h:i.ghest. 
15 When the ratio of the number of revolutions of the 

dressing·member to that of the turntable is 0.60, which is 

an appropriate ratio, the polishing surface of the abrasive 

disc becomes approximateiy flat. 
When the ratio of the number of revolutions of the 

20 dressing member to that of the turntable is 1.00, which. is a 

relatively high ratio. the polishi.ng surface of the abrasive 

disc is worn genera11y into a va11ey-1ike form, in which the 

centra1 portion is lowest. 
Fig. 9 shows a po1ishing apparatus having a sensor for 

25 measuring the abrasive disc surfaoe configuration. In the 

apparatus, an abrasive disc 20 is bonded to a rotat:Lng 

turntab1e 24. A substrate W is hela by a substrate carrier 

21 which also rotates, and brought into contact with the 

abrasive disc 20 under pressure to effect polishing of the 

30 substrate. The polishing apparatus is capable of in-situ 

dressing, as defined above. The polishing apparatus has a 

substrate carrier 21 for pressing a substrate W to be 

polished against the polishing surface of the abrasive disc 

20 and, at the same time, sliding the substrate w across the 

35 polishing surface of the abrasive disc 20. 'fhe polishing 

apparatus further has a dressing member 11 for dressing the 

polish1.ng surface of the abrasive disc 20 by being slidingly 

engaged with the polishing surface under pressure. In 
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addition, the polishing apparatus has an abrasive disc 

surface configurat~on-measuring sensor 37 for measuring the 

height of the surface of the abrasive di.so 20 over an area 

of the disk-shaped abrasive disc 20 from the center to the 

5 outer periphery thereof. 

Accordingly, it is possible to measure the 

distribution of height of the abrasive disc surface in every 

radial direction as the abrasive disc 20 rotates. During 

use of the polishing apparatus, the surface configuration of 

10 the abrasive disc 20 is measured by the sensor 37. and if 

the measured surface configuration of the abrasive disc 20 

is not coincident with the desired configuration, the number 

of revo1utions of the dressing member 11 is adjusted on the 

basis of the data shown in Fig. 8 relative to the number of 

15 revolutions of the turntab1e 24. Thus, the surface 

configuration of the abrasive ctl.sc 20 can be adjusted to 

that which is desired. When the po1ishing surf ace of the 

abrasive disc 20 assumes a general ?ill-1~ke form ~n which 

the central portion is highest, the number of revo1utions of 

20 the dressing member 11 is 1owered re1ative to the number of 

revo1utions of the turntable 24, whereby the polishing 

surface of the abrasive disc 20 is generally subject to 

valley-like wear in which the central portion of the surface 

is worn at the fastest rate. In this way, the abrasive disc 

25 20 can be regenerated to have a f1at po1ish1ng surface 

thereby enabling.the surface of the substrate W to be 

polished flat. 

In the po1ish1ng process using an abrasive disc, if 

the abrasive disc is dressed under an excessively heavy_load, 

30 an excessive amount of freedd abrasive particles are 

generated which results in excessive wear of the abrasive 

disc and a reduction in its working life. Fig. lO(a) shows 

the results of an exper:Lment carried out to examine the 

relationship between dressing surface pressure and a number 

35 of wafers capable of being polished by one abrasive disc. 

As will be understood from the diagram, the working life of 

a pad used in conventiona1 chemical/mechanical polishing 

{CMP) is in the order of 1,000 wafers regardless of dress~ng 
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surface pressure. In the polishing process using a fi~ed 
abrasive disc, the number of waf.ers capable of being 
polished by one abrasive disc is consistently higher than 
can be achieved with a conventional CMP. When the surface 

5 pressure is low, i.e. 2 to 3 g/cm~, the number of wafers 
ab1e to be polished is in excess of 30 times that achievable 
by a conventional CMP. When the dressing surface pressure 
is 30 to 40 g/cm.2 , the number of wafers able to be polished 
is in the order of 10 times that of a conventional CMP. 

10 When the dressing surface pressure is 70 9/cm2
• the number 

of wafers ·ab1e to be polished is in the order of 2 to 3 
times that of a conventionai CMP. Thus, when a dressing 
surface pressure does not exceed 30 ~/om.2 , the number of 
wafers able to be polished by one abrasive disc is in 

15 greater than 10 times that attainable when using a 
convent1ona1 CMP. 

Fig. lO(b) is a diagram show~g a relationsh1p between 
the dressing surface pressure and the rate of polishing, 1n 
which the absc:l.ssa axis represents the dress1ng surface 

20 pressure, and the ordinate axis represents the po1~shing 
rate. That is, Fig. lO(b) shows the results of an 
experiment carried out to examine the re1ationshi.p between 
dress:Lng surf ace pressure and a rate of polishing for a 
b1anket (with a flat film) wafer. When the dressing surface 

25 pressure .is low, i.e. 2 to 3 g/cm2
, the polishing rate is 

low, i.e. about 400 A/min., although the number of wafers 
that can be po1ished is more than 30 times that of a 
conventional CMP. In the process of polishing a patterned 
wafer. it is possible to obtain a polishing rate that is 

30 sufficiently high for practical. applicat:Lon. When the 
dress.ing surface pressure is increased to 30 to 40 g/am2 , 

the polishing rate for the blanket wafer increases to about 
1,400 !/min. Accordingly, in the polishing process using an 
abrasive disc, if the abrasive disc is dressed under 

35 excessive pressure, an excessive amount of freed _abrasive 
particles are generated resulting in undue wear and a 
reduced working life of the abrasive disc. Therefore, if 
the pressure applicable to the dressing member ~s limited to 
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30 g/cm2
,· a stable polishing operation and increase working 

life of the abrasive disc can be attained; 

Following is a description of a dressing method 

according to a fifth embodiment of the present invention. 

5 The dressing method is applied to a substrate polishing 

apparatus where1n an abrasive disc is brought into contact 

with a substrate under pressure. According to the dressing 

method, the abrasive disc is supplied with a liquid capable 

of dissolving a binder of wb.1.ch the abrasive disc is 

10 constituted, to thereby generate freed abrasive particles 

which function to dress the abrasive disc. When pure water 

~s usea as a po1ishing liquid. one of the following binders 
having high solubility ~n water is used to generate freed 
abrasive particles, thereby bringing about an effect 

15 equivalent to dressing. Preferable examples of.binders 
' having solubility in water are.agar, starches, hydroxypropyl 

starch, sodium alginate, carboxymethyl starch ether, gum 
arabic, SMC (sodium carboxymethyl ceilulose), methyl 
ce11u1ose, partial1y-sapon1fied PVA (polyvinyl aleoho1), 

20 tragacanth, ge1atin, collagen, casein, crystalline cellulose, 

carboxymethyl cellulose calcium, Tween, Pluronic, sodium 
laurate, carboxy11c resin, ammonium sulfate, potassium 

chloride, salt, bentonite plus various chlorides, urea, 
anionic surface-active agent, glucose, sucrose, lactose, 

25 monosodium L-glutamate, sodium s·-inosinate, dextrin, 
starches, corn starch, lime powder, phenol resin, furan 
resin, and isocyanate resin. 

When a mixed liquid of water and alcohol is used as a 

1~quid capab1e of dissolving a binder of which the abras~ve 

30 disc is constituted, ~t is preferabl~ to use one of the 

follow~ng binders: PVP (polyvinyl pyrrolidone), HPMC 

(hydroxypropy1 methyl cellulose}, HPC (hydroxypropyl 

cellulose), PEG (Macrogol: polyethylene glycol), etc. When 

an acid solution is Used as a liquid capable Of dissolving a 

35 binder constituting the abrasive disc, the use of AEA 

(polyvinyl acetal diethylamino acetate) is effective. When 

an alkali solution is used as a 1iquid capab1e of dissolving 

a binder of which the abrasive disc is constituted, any of 
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the following binders is effective: phenol, cellulose 

· acetate phthalate, Eudragit L (methy1methacX"¥late­

methacrylic-acid copolymer), and HPMCP (hydroxypropyl methyl 

cellulose phthalate). At the time of dressing an abrasive 

5 disc using one of the various binders mentioned above, a 

polishing solution active against the binder used is 

supplied to dissolve the binder, thereby enabling a self­

dressing operation. 
Fig. 11 is a diagram describing a dressing method 

10 according to a sixth embodiment of the present invention. A 

polishing apparatus shown in Fig. 11 uses a metal bond as a 

binder constituting an abrasive disc 20A, whereby the bond 
of the binder is broken when an electr~o current is passed 
through the abrasive disc 20A, thereby promoting th~ 

15 generation of freed abrasive particles in a self-dress~ng 

operation. Examp1es of binders in which the bond is broken 
by the passage .of an electric current inciude a cast iron 

. bond, a fiber bond, an iron bond, a cobalt bond, and a 
composite bond of these materials. These materia1s are used 

20 as binders constituting an abrasive disc 20A which is 
e1ectrica1ly conductive. In this polishing apparatus. an 
eiectric current is supplied from a power source 30 to a 
substrat~ carrier 21 through a rotary connector 31. The 
electric current flows into the e1ectrica11y conducting 

25 abrasive disc 20A from an e1ectr.1cal1y condu'cting gu1.de r.i.ng 

33 and returns to the power source 30 from an electrode 32 
connected to the abrasive disc 20A. In using the abrasive 

disc 20A -. water is supplied during polishing while an 

elect~ic current is supplied to the abrasive disc 20A from 

30 the power source 30 through the above-described path, 
thereby effecting polishing the substrate w. The binder of 

the abrasive disc consisting essentially of a metal bond, 

for example, undergoes 1.onizat~on (electrolysis) in water 

which is supplied as a polishing liquid. Consequently, the 

35 bond of the binder is broken thereby freeing abrasive 

particles in a self-dressing operation. 

F1g. 12 is a diagram describing a dressing method 

according to a seventh embodiment of the present invention. 
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In this embodiment, as abrasive substances, Si02 , Al203 or 

Ce02 are used and, as a binder, a resin material, e.g. 

phenol or polyimide is used • Because the binder material. 

is organic, when irradiated with light, the binder is 

5 decomposed by the photocatalytic substance, whereby bonding 

within the binder is broken and abrasive particles freed. 

Further, by employing a photoreactive abrasive disc mixed 

with a photocatalytic substance, e.g. Ti02 or ZnO, as an 

abrasive disc 20B. it becomes possible to generate freed 

10 abrasive particles utilizing lower energy light rays. 

Fig. 12 illustrates an example of a polishing apparatus 

using the abrasive disc 20B. The polishing apparatus using 

the abrasive disc 20B has a light source 35. By irradiating 

the abrasive disc 20B with light rays generated from the 

15 light source 35, the bond in the binder material of the 

abrasive disc 20B is broken thereby freei.ng abras1ve 

part1cles in a self-dress~ng operation similar to that 

stated above. The arrangement of the apparatus for 

polishing a substrate W by slidingly engaging 1t with the 

20 polishing surface of th$ ~brasive disc 20B under pr~ssure 

using a substrate carrier 21 holding the substrate w, 
exclusive of the 1ight source 35. is similar to those of the 

above-described various polishing apparatuses. Thus, it is 

possible to perform in-situ dressing in which the substrate 

25 W, e.g. a semiconductor wafer, is polished with the abrasive 

disc 20B provided on a rotating turntable 24. while light 

rays are directed at the abrasive disc 20B from the light 

source 35, thereby dressing the abrasive disc 20B. It 

shouid be noted that a photode9radation substance which is a 

30 photoresist material may be used as a binder instead of 

mixing the material of the abrasive disc with a 

photocatalyt1c substance. 

F~g. 13 is a diagram showing a modification of the 

polishing apparatus illustrated in Fig. 12. In this 

35 apparatus, a laser light source 35A is used as a light 

source to direct laser beams at the abrasive disc 20B. The 

laser light source 35A has a large number of laser beam 

outlets so that laser beams ean be d:i.rected at an entire 
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area of the abrasive disc 2DB to be irradiated. The laser 

light source'35A is capable of oscillating in the direct1ons 

indicated by the double-headed arrow in the figure. Thus, 

it is possible to avoid local concentration of laser beams 

5 and, at the same time, it is possible to impart a high 

dens1ty energy to the surface of the abrasive disc 20B by 

effecting irradiation with intense laser beams. Accordingly, 

efficient generation of freed abrasive particles can be 

attai.ned. That is, a high degree of dressing can be 

10 attained. 
Generally, when resin materials are used as a binder. 

materials such as compounds having C-H or c-c bonds are 
employed. By breaking c-H or c-c bonds existing in a 
surface of a binder constituting an abrasive member, and 

15 then binding desired functional groups to remaining bond 
arms, abrasive particles bound to the rigid base member by 

way of the binder are ab1e to be released, thus generating 
freed abrasive particles. This brings about the same 

dressing effect as that brought about in a dressing 
20 operation by means of a conventional dressing member 

comprising diamond particles. Generally, C-H binding energy 
and c-c binding energy of res.in materials are about 98 
kcal/mol and about 80.6 kcal/mol. respectively. Thus, if 

light rays havJ.ng a larger energy than the above-noted 

25 energies are directed to and absorbed by the binder to such 

an extent that th~ absorbed photon ene~gy exceeds the above­
noted binding energies_ the molecular bond will be broken. 

As light sources for effect~ng such molecular bond 
breaking,_ for example, KrF excimer laser light having a 

30 wavelength of 248 nm and photon energy of 114 kca1, ArF 

excimer 1aser light hav~ng a wavelength of 193 nm and photon 

energy of 147 kcal, and Xe excimer laser lamp light having a 

wavelength of 172 run and photon energy of 162 kcai·may be 

used. Although these light sources have a narrow wavelength 

35 distribution and are capable of generating high-energy light 

rays. they are expens~ve. Thus, as a iow-oost dress~ng 

light source, a low-pressure mercury vapor lamp is often 

employed, which generates strong light rays having 
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wavelengths of 253.7 nm and 184.9 nm (resonance lines of 

mercury) in. spite of having a broad wavelength distribution. 

As described above, for example, a c-c bond in a resin 

material has an energy of 80.6 kcal/mol and, thus, an energy 

5 required for generating freed abrasive particles can be 

calculated on the basis of the binding energy. Assuming 

that a11 photon energy of a light can be absorbed in a 

surface of an abrasive member to which the light is directed, 

the re1ationship between energy and wavelength, 1.e. E~h/v 

10 (h: Planck constant, v: velocity), dictates that irradiation 

with light having a wavelength of 351 nm or less enables 

break~ng of the above-noted molecular bond. 

However, in this connection there exists a problem 

that the temperature of an abrasive member and a chemical 

15 liquid, and an abrasive liquid or the like on the abrasive 

member ~s ra~sed under irradiation with high-energy light 

rays, which £s liable to cause a change in properties. Such 

a change in properties is like1y to impair the stabi11ty of 

abrasion or polishing performance. Thus, in the photo-

20 dressing method described above, it is preferab1e to provide 

a coo1ing or temperature control system. Th~ cooling or 

temperature control system may be of a heat-exchange type in 

wh~ch a coolant such as a cooled gas or liquid having a 

temperature lower than a room 'temperature is supplied in the 

25 form of a spray,. a jet or the like. The cooling system may 

instead include a heat-exchanging member which is brought 

~nto contact with the chemical liquid, or the abrasive 

1iquid or the like on the abrasive member and/or the 

abrasive member to thereby eool them. It is important that 

30 use of the coolant or the heat-exchanging member causes 

neither decomposition of the abrasive 1iguid, or the 

chem.1.ca1 liquid or the like on .the abrasive member, nor any 

change in the density of the same, during a cooling 

operation employed to facilitate appropriate polishing by 

35 the abrasive member. Thu~. providing a cooling effect by 

supplying an abrasive-aid agent such as a KOH liquid and an 

oxidizer and/or a dress~ng-aid agent such as a liquid ha~ing 

hydrophilic functional groups to be described later is 
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preferable. 
By directing photons from light sources to an abrasive 

member .and an aqueous compound solution on the surface 

thereof. C-H and c-c molecu1ar bonds in the surface of the 

5 abrasive member are broken. and the broken c-H and c-c 
molecu1ar bonds are subjected to bonding with different 

molecules or atoms generated in the aqueo~s compound 

solution under photochemical reaction before occurrence of 

re-binding of the mo1ecular bonds. As the aqueous compound 

10 solution. a solution having a capability to separate 

hydrophilic functiona1 groups is suitable. In order to 

effect a stable abrasion or polishi.ng operation by means of 

an abrasive memberM it is preferab1e for the abrasive member 

to ~ave a hydrophilic nature. whereby uniform polishing can 

15 be effeQted across an entire surface of an article to be 

polished without the abrasive liquid being repelled due to 

. the hydrophilic nature of the abrasive member. Hydrophi1ic 

functional groups include -OH, -COOH. -NH2 • -CO, -S03H and 

the like. and it is·preferable to supply an aqueous compound 

20 soiution capable of binding them to the abrasive member. 

Moreover, it i~ prefe~able to bind bydrophi1ic functional 

groups to abrasive partio1es by breaking molecular bonds 

under light ray irradiation in the same manner. Thus, the 

abrasion or po1ishing performance may be improved by 

25 employment of abrasive particles with the surface modified 

with bydrophi1ic functional groups. 

Fig. 14 is a plan view of a polishing apparatus 

provided with a photo-dressing device in accordance with the 

present invention. As shown, the po1ishing apparatus is, as 

30 viewed in Fig. 14. rectangular.as a Whole and includes a 

pair of polishing units Sla, Slb positioned adjacent to 

each other on opposite sides of one end of the polishing 

apparatus and a pair of loadi.ng/unloading stations 

positioned at the other end of the polishing apparatus and 

35 adapted to receive wafer stor:lng cassettes 52a and 52b. 

Along a center line connecting opposing ends of the 

pol1sh1ng apparatus, there are prov1ded wafer transfer 

robots 54a and 54b. Further, there are provided on e1ther 
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side of the center line pairs of cleaning devices 57a, S7b 

and 58a, 58b, with a reyersing device 55, 56 being 

interposed between the cleaning devices. The polishing unit 
includes a 1ift 66 for receiving a semiconductor wafer from 

5 the transfer robot 54b and transfer.a wafer carrier provided 

~n the polishing unit and vise versa. 
The polishing units Sla and 5lb each include a 

turntable 24 provided with an abrasive disc, a wafer carrier 
60 for carrying a semi.conductor wafer and bringing it into 

10 contact with the abrasive disc. a conventional dressing 
device comprising diamond partic1es adapted to be engaged 
with a surface of the abrasive disc to effect dressing. and 

a photo-dressing device 62 in accordance with the present 
invent~on for effecting photo-dressing as stated above. The 

15 turntabies, the conventional dressing devices and the photo­
dressing devices in the respective po1ishi.ng units are 
symmetrica11y arranged relat~ve to the center or wafer 
transfer 1.:1.ne in the polishing apparatus. 

Fig. 15 il1ustrates a constitutiona1 example of the 
20 photo-dressing device 62. The photo•dressing device 1s 

equipped with, for example, a low-pressure mercury vapor 
lamp 63, ~h~ch acts as a light source for irradiating a 
surface of an abrasive member to thereby promote the 

generat~on of freed abrasive particles from the abrasive 
25 member. A power source 64 1s connected to the lamp 63 so as 

to supply an electric current thereto so that the lamp 63 
generates short-wavelength light rays as stated above. The 
generated light rays are collected by a mirror 65 (an 
ordinary mirror or a cold mirror through whi.ch infrared 

30 light is able to pass) and directed to the surface of the 

abrasive member or disc. In addition, the dressing device 
62 is equipped with an abrasive cooling system including a 

fi1ter 68, a va1ve 69, a fan or blower 70, a heat-exchanger 
71, and a jet nozzle 67, whereby a cooling gas is directed 

35 to a surface of an abrasive member through the jet nozzle 67 

to prevent the surface of the abrasive member from being 

subjected to a rise in temperature. The dressing dev1ce 62 

is further equipped w1th an 1nfrared rays temperature sensor 
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71. The sensor 71 senses the temperature of the abrasive 

member surface and delivers signals representing the sensed 

temperature to a contro1 circuit 72. whereby the signa1 is 

compared wi. th a reference signal to thereby a·djust the 

5 temperature of the cooling gas to a predetermined value. It 

is preferable for a temperature indicator 73 to be provided 

so that the temperature of the surface of the abrasive 

member is always indicated. 
Fig. 16 is a perspect1ve view of the photo-dressing 

10 device. The 11ght source lamp 63 and the temperature 

adjustment gas jet nozz1e 67 are provided in a cover member 

75 which ~s fixedly connected to a pivotal arm 77 through a 

vertical cylinder/piston type actuator 76. The actuator 76 

moves the cover member 75 with the light source 1amp 63 and 

15 the jet nozzle 67 in a vertical direction to adjust the 

distance between the light source lamp 63 and the abrasion 

member surface to be dressed. The pivotal arm is pivotable 

about a vertical pivotal shaft (not shown) provided at the 

proximal end of the arm to determine a position of the 

20 abrasion member surface to be dressed. 

Fig. 17 illustrates the polishing unit 5la. As stated 

above, the polishing unit includes the turntable 24 provided 

with the abrasive member 20B and the wafer carrier 60 for 

carry.ing a semi.conductor wafer, whereby the semiconductor 

25 wafer is polished by bringing the wafer into contact with 

the abrasive member 20B rotated together with the turntable. 

The po11sh1ng unit further includes the conventional 

mechanical dressing device 61 and the photo-dressing device 

62 provided with the light source lamp 63 for, as stated 

30 above, effecting dressing by directing light rays to the 

po11shing surface of the abrasive disc. The photo-dressing 

device is used before and/or during polishing. The 

conventional mechanical dressing device is used to flatten 

the entire polishing surface, typica1ly when it is 

35 determined that the polishing surface contains significant 

undu1ations after polishing of a plurality of semiconductor 

wafers. The mechan~cal dressing device may be used in 

cooperat~on with a monitor for monitoring the condition of 
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the polishing surface of the abrasive whereby undulations 

having a height or 1evel difference ~f l micron or more are 

detected. 
Fig. 16 is a diagram describing a dressing method 

5 according to an eighth embodiment of the present invention. 

In the illustrated polishing apparatus, an ultrasonic 

vibrator 36 is provided in place of the above-described 

1ight source 35 or 35A. When ultrasonic vibrations are 

imparted to an abrasive disc 2oc, the bond within the binder 

10 is broken .thereby freeing abrasive particles to dress the 

abrasive disc 2oc. Thus, the ultrasonic vibrator 36 has a 

similar function to that of the light source shown in 

Fig. 12 or 13. This apparatus also has a polishing liguid 

supply system 19 and a substrate carrier 21 for holding a 

15 substrate W to be polished, as in the case of the above­

descr1bed apparatuses. In this apparatus also, by applying 

ultrasonic vibrations to the abrasive disc 20C from the 

u1trason~c vibrator 36, the bond within the binder is broken 

thereby freeing abrasive particles and dressing.the abrasive 

20 disc 20C. In the process1.the substrate W to be polished is 

slid~ngly engaged with the abrasive disc 20C under pressure 

to thereby effect polishing of the substrate W as in the 

embodiments stated .above. It shou1d be noted that in the 

fifth to eighth embodiments, mechanical dressing need not 

25 always be carried out in combination with the dressing 

process. 
Fig. 19 shows a polishing apparatus according to a 

ninth embodiment 0£ ~he present invention. In this 

polishing apparatus, an abrasive disc 200 has grooves 38 for 

30 discharging particles produced in polishing a substrate. 

However, wear of the abrasive diso 20D during use results 

in the grooves 38 being gradually denuded. Therefore, in 

this embodiment1 a dressing member llf is provided with 

projections 45 for regenerating or maintaining the discharge 

35 grooves 38 •. More specifically, the dressing member llf is 

brought into contact with the abrasive disc 200 under 

pressure in such a manner that tbe projections 45 of the 

dressing member llf are fitted in the discharge grooves 38 
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on the abrasive disc 20D, to maintain the grooves in their 
present state during dressing of the polishing surface of 
the abrasive disc 20D. In this embodiment, it is possible 
for the polish~ng apparatus of this embodiment to perform 

5 dressing of tbe abrasive disc s1multaneous1y (in-situ) with 
polishing of a substrate. 

Fig. 20 shows a polishing apparatus according to a 

tenth embodiment of the pr~sent invention. The polishing 
apparatus has a dressing member llg which has a smaller 

10 diameter than that of a substrate W to be polished and a 
mechanism (not shown) for oscillating the dressing member 
llg in the directions indicated by the double-headed arrow 
in the figure, thereby allowing the position of the dressing 
member llg to be control1ed. The polishing apparatus 

15 further has a device 46 for measuring the polished surface 
configuration of the substrate W or a device for measuring 
the surface configuration of an abrasive disc 20 and a 
control1er (not shown) for moving the dressing member llg on 
the basis of the surface configuration me~sured with the 

20 measur1ng device. 

In polishing a substrate~ a rate of polishing varies 
according to the amount of freed abrasive partic1es which 
have been detached from the abrasive disc. In order to 
provide a uniform polishing operation, in this embodiment, 

25 the·device 46 measures vari~tions in a polishing rate of the 
polished surface of the substrate W, and, on the basis of 
such a measurement, the dressing member llg is moved to a an 
area on the abrasive disc where !fJ. po1ishing rate is low so 
as to conduct selective dressing of the area wherein 

-30 abrasive particles are freed. 

In the embodiments described above, the fixed abrasive 
member is a rigid plate comprising abrasive particles and a 
resin binder fixedly binding the abrasive particles. 
However, another type of fixed abrasive member may be 

35 employed which is referred to as •fixed abrasive pad• in 

which a thin fixed abrasive layer is attached on an elastic 
layer. 

As stated above, 1n accordance with the present 
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invention, it is possible to perform efficient and 
appropriate dressing during a polishing process ?sing a 
fixed abrasive member without any danger of causing damage 
~n the form of scratches or the like to a surface being 

5 polished. 
It should be noted that the present invention is not 

limited to the foregoing embodiments but can be modified in 
a variety of ways. 
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WHAT IS CLAIMED IS: 
1. A substrate po11shing apparatus, comprising 

an abrasive member having a polishing surface, the 

polishing surface being s1iding1y engaged with a substrate 

to be polished, and 
a 4ressing'member having a dressing surface adapted to 

be s11ding1y engaged with the polishing surface of.the 

abrasive member for dressing the polishing surface, 

the dressing s~face being provided with a plural.~ty 

of projections having an angular portion of an obtuse angie 

of not less than 100°. 

2. A substrate polishing apparatus, ~n which the abrasive 

member ~ncludes a fixed abrasive member. 

3. A substrate po11shing apparatus, comprising 

an abrasive member having a polishing surface. the 

polishing surface being s1~ding1y engaged w~th a substrate 

to be polished, and 
a dressing member having a dressing surf ace adapted to 

be s1iding1y engaged with the polishing surface of the 

abras~ve member for dressing the po1ishing surface of the 

abrasive member, 
the dressing member being in the shape of a rod 

extending from a center of the abrasive member ·to an outer 

periphery thereof. 
A substrate po1ishing apparatus, comprising 

4. a substrate carrier for carrying a substrate, 

an 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 s1iding1y engaged w~th the polishing surface of the 

abrasive member for dressing the polishing surface, 

the dressing member being 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. 

5. A substrate polishing apparatus, comprising 

a substrate carrier for carrying a substrate, 
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an abrasive m•mber having a polishing surface, the 

polishing surface being slidingly engaged with a substrate 

carried by the substrate carrier for effecting polishing, 

and 
a dressing device including a light source for 

generating light rays for irradiating the polishing surface 

of the abrasive member to thereby dress the polishing 

surface. 
6. A substrate polishing apparatus as set forth in 

c1aim 5, in which the light source inc1u~es a mercury lamp. 

7. A substrate polishing apparatus as set forth in 

claim 5, in which the light source generates laser rays. 

a. A substrate polishing apparatus as set forth in 
claim 5, further including a cooling system for cooling the 

abrasive member. 
9. In a substrate po11shing apparatus wherein a substrate 

is brought into engagement with a polishing surface of a 

fixed abrasive disc rotating about its axis, whi1e rotating 

the substrate: 
a method for dressing the po1ishing surface comprising 

the steps of: 
preparing a ~essing member having a dressing surface, 

bring1n.9 the dressing surface of the dressing member 

into engagement with the polishing surface of the rotating 

fixed abrasive disc; and 

controlling a ratio of a number of revolutions of the 

dressing member to a number of revolutions of the fiXed 

abrasive disc so as to adjust conditions for dressing. 

10. A method according to claim 9, wherein the dressing 

surface of the dressing member is engaged with the po1ish1ng 

surface of the rigid rotating abrasive disc under a pressure 

of not more than 30 g/cm2 • 

11. In a substrate polishing process wherein a substrate 

is brought into engagement with a po1ishing surface of an 

member and subjected to a re1ative $liding motion 

therebetween thereby causing the substrate to be polished, 

a method for dressing the polishing surf ace of the 

abrasive member comprising: 

1iiiilf 
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supplying the polishing surface of the fixed abrasive 
disc ~ith a l~gu1d capable of dissolving a binder binding 
abrasive particles of the abrasive member to promote 
generation of freed abrasive particles. 
12. In a substrate polishing process wherein a substrate 
is brought into engagement with a polishing surface of an 
abrasive member and subjected to a relative slidi.ng motion 
therebetween thereby caus~ng the substrate to be po1ished. 

a method for dressing the polishing surf ace of the 
abrasive member comprising: 

passing an electric current through the abrasive 
member, thereby breaking bond of a binder binding abrasive 
partic1es of the abrasive member to promote generation of 
freed abrasive partic1es. 
13. In a substrate polishing process wherein a substrate 
is brought into engagement with a po11shing surface of an 
abrasive member and subjected to a relat~ve sliding motion 
therebetween thereby causing the substrate to be polished, 

a method for dressing the poi1shin9 surface of the · 
abrasive member compris~ng: 

prepar~ng the abras~ve.member containing photooata1yst 
in the polish1ng surface made of abrasive particles bound by 

a binder 1 and 
irradiating the polishing surface of the abrasive 

member with a light ray, thereby breald.ng bond of the binder 
in the polishing surf ace to promote generation of freed 
abrasive particles. 
14. A method as set forth .in claim 13, 1n which the light 
ray has wavelengths of 355nm or less. 
15. A method as set forth in claim 13, further comprising 
the step of supplying ohem1.cal liquid or chemicals to the 
polishing surf ace of the abrasive member during or after a 
dressing operation of the-polishing surface to make the 
polishing surface hydrophilic. 
16. A method as set forth 1n claim 15, in which th& 
chemical liquid or chemicals supplied to the polishing 
surface include hydrophilic functional groups such as -OH, 

-COOH. -NH;i .. -CO and -o,H. 


