PCLI SHI NG APPARATUS AND DRESSI NG METHOD The present invention relates to a
pol i shing apparatus for polishing a substrate, e.g. a sem conductor wafer,
in 5 which a fixed abrasive nenber or an abrasive polishing disc is

enpl oyed. More particularly, the present invention relates to an
arrangenment of a dressing nenber used for dressing (regenerating) the

fi xed abrasive nenber, and relates alsolo a nethod of dressing the said
abrasive disc. 10 Wth recent rapid progress in technol o for fabricating
hi gh-integration seni POLISEING APPARASUScANDLDRESHING rns have
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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
20 hold a semiconductor substrate to be polished and bring it
into contact with the polishing cloth. During a polishing
operation, a chemical polishing ligquid (slurry) ceontaining
abrasive particles is supplied to the polishing pad, and a
surface of a substrate subject to a polishing operation 1is
25 polished until it becomes flat and specular.
However, in conventional chemical/mechanical polishers
(CMPs), there is a tendency for a "pattern dependency”
problem to arise. MNamely, an area on which a wiring pattern
having small pattern pitches is provided is subject to a
30 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 inconsistencies in the form of undulations on the
polished surface of the semiconductor substrate. As a
35 result, it is difficult to obtain a polished surface
having a requisite degree of flatness. 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 substrate, not only the raised portions, but also recessed portions
are polished. This makes it inpossible to cause the polisher to realize a
so 5 called self-stop function whereby the polisher substantially stops
its polishing function or the polishing rate becones nearly zero when the
rai sed portions have been sufficiently _pplished to thereby attain a high
degree of flatness of the substrate surface. 10 As an alternative to a
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before each polishing operation by using, for exanple, re55|ng nenber
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producti Vi t4¥herein a polishing pad is utilized, use of a fixed abrasive
member is advantageous in that it is relatively easy to
attain a requisite degree of flatness of a polished surface
since recessed portions formed in a circuit pattern area are

20 not subject to polishing. 1In addition, if fixed abrasive

members 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 fixed
abrasive member no polishing slurry is required, which is

i 25 environmentally advantageous.

However, in a semiconductor wafer polishing process
using a fixed abrasive member, polishing efficiency,
although high just after dressing of the fixed abrasive
member, gradually deteriorates. Accordingly, in order to

30 maintain efficient and effective polishing, it is necessary
to dress or condition the fixed abrasive member before each
polishing operation by using, for example, a dressing member
including a number of diamond particles bound to its surface
so as to generate a sufficient quantity of free or loocse

35 abrasive particles. However, carrying ocut 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



Furthernore, using a dressing nmenber provided with dianond particles to
regenerate the surface of a rigid polishing nenber involves a problemin
that the dianond particles are |iable to becone detached and scratch or
ot herwi se danage the surface of a substrate to be polished. 5 In view of

t he above-described circunstances, an object of the present invention is
to provide a substrate polishing apparatdus- using a fixed abrasive nenber,
which is free fromthe problemthat dianond particles nmay detached 10 from
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a dressing apparatus or method capable of appropria Y
freeing abrasive particles from an abrasive member and thus
increasing the lifetime of the abrasive member.
The present invention provides a substrate polishing
20 apparatus comprising a fixed 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 fixed abrasive
25 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°.
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
eliminate a likelihood of detachment of diamond particles,
such as is likely to cccur 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



substrate to be polished. As the dressing nenber, it is preferable to use
a ceramc dressing menber consisting - 4 essentially of SiC or

di anond- | i ke carbon. According to another aspect of the present invention
there is provided a substrate polishing apparatus conprising a fixed
abrasi ve menber having a polishing surface, the 5 polishing surface being
slidingly engaged with a substrate to-bel polished, and a dressing member
having a dressing surface adapted to be slidingly engaged with the
pol i shing sdudieceadiytde $igedr abtasone- bkbecatbondressing the polishing
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According to another aspect of the present invention,
there is provided a substrate polishing apparatus comprising
a substrate carrier for carrying a substrate, a fixed
20 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 fixed
25 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 flush with a surface of the substrate to
30 be polished. 1In this polishing apparatus, abrasive
particles are effectively and appropriately liberated from
the abrasive member while effecting polishing.
According to another aspect of the present invention,
there is provided a method for dressing a polishing surface
35 of a fixed abrasive disc in a substrate polishing apparatus
wherein a substrate is brought into engagement with the
polishing surface of the fixed abrasive disc rotating about

its axis, while rotating the substrate. The method



35 of a fixed abrasive disc in a substrate polishing apparatus wherein a
substrate is brought into engagement with the polishing surface of the
fixed abrasive disc rotating about its axis, while rotating the substrate.
The nethod conprises the steps of preparing a dressing nmenmber having a
dressing surface, bringing the dressing surface of the dressing member

i nto engagenent with the polishing surface -of the rotating fixed abrasive
disc and controlling a ratio 5 of a nunber of revolutions of the dressing
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According to a further aspect of the present invention,
there is provided a method for dressing a polishing surface
of a fixed abrasive member used in a substrate polishing

20 process wherein a substrate is brought into engagement with
the polishing surface of the fixed abrasive member and
subjected to a relative sliding motion therebetween thereby
causing the substrate to be polished. The method comprises
supplying 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 particles. In this method, it is not necessary to
employ a dressing member.

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

35 subjected to a relative sliding motion therebetween thereby
causing the substrate to be polished. The method comprises
passing an electric current through the fixed abrasive

member, thereby breaking bond of a binder binding abrasive



t he polishing surface of the fixed abrasive nmenber and 35 subjected to a
relative sliding notion therebetween thereby causing the substrate to be
pol i shed. The nethod conprises passing an electric current through the

fi xed abrasive nenber, thereby breaking bond of a binder binding abrasive
particles of the fixed abrasive nenber to pronote generation of freed
abrasive particles. According to another @aspect of the present invention,
there is provided a nmethod for dressing a polishing surface 5 of a fixed
abrasi ve nepdeticbes of shsubskedt abpakishi mgmpeocess pwhapéien ganswadticat e
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1 Th the acconmpanying draw ngs. 20 Figs I&g% (E) 1(.c). .and
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the polishing apparatusillTustrated in Fig. 2, FI%. 3(b) is a side .
eIevat|onal0ﬁ|ehaoblnﬂgrappatapugollshlng surface to promote generation
15 of freed abrasive particles.

The above and other objects, features and advantages
of the present invention will become more apparent from the
following description of the preferred embodiments thereof.
taken in conjunction with the accompanying drawings.

20

Figs. 1l(a), 1(b), 1{c) and 1(d) are sectional views
showing various configurations of dressing surfaces of
dressing members according to a first embodiment of the
present invention.

| 25 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.

Fig. 2(b) is a side elevational 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 elevational 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 3.
Fig. 5 is a side elevational view of another

modification of the polishing apparatus illustrated in



of Fig. 3(a). Fig. 4 is a diagramshow ng exanples of the sectional 35
configurations of the rod-shaped dressing nenbers taken along the |ines
"IV-1Vin Figs. 2 and 3. Fig. 5is a side elevational view of another

nodi fication of the polishing apparatus illustrated in Fig. 2, in which the
rod- shaped dressing nenber is in the shape of aroll. Fig. 6(a) is a cross
sectional side elevation view of a polishing apparatus according to a
third enbodi nrent of the 5 present invention. Fig. 6(b) is a cross
sectional side elevation view of a nodification of the polishing apparatus
of Fig. 6(a). Fig. 7(a) is a cross sectional sjde elevatipn viewof a

nmodi fi caFilgn &f, tite dthe IdFshaped reaping gnembes 1S giAghBf showi ng
pol i shed fa ijgurations varying according to the ratio of the
nunber Sﬁgileevo%lefutqc?rgsllg'f a dressing nmenber to that of a turntable. Fig.
9(a) is a pl anRiigewédfa)a ipola stiars gasiansl ackds wIyrabien felevhet

enbodi nent _of. .t he | ' : ) g | SmBod £hOSE SECthenal

si de el e@a?fj&r}s\;]ilé.% %%%%%Aeﬂgsgp%a(%%}u%lﬁ él’gé %&%d Fig. 10(a) is a diagram
showisng preelkatti dnstenkiistween the dressing surface pressure and the
nunber of substrate | 0 Fig. )e 4 | shpug;, ngsa
relationship b t’\ﬂée}(t@ﬁ'es csflr]gcgfﬁsﬁsg sgéur la%gé%rseiséé%?%%\?ﬁ%ft e rate of a

pol i shi ngodiFiigatlibn o Hideaiatknorpratatuofof Podi shidy- apparatus in
whi ch a dressi me | | o dl 1Bl + 0fn theepr sgent

i nvention is cggéucbg%g g‘%c%lr gﬂrq’%f i%seebatsisclﬁTIdJeh _el§levat | onal virclew o? a

pol i shi ng magpfiastatsidm ofhitdte annassivy ofethHigd attdtding to a seventh

embgg ment Of_%E‘a.frae&esnta AU B How GR Bttt Bshe £ urddcd s a side

el evational view~ of a nodification of the polishing ap(gfélrg%us illustrated
in Fig. ¢onfigupmtdens3yaryifgeAqqyting itdhs IREP o 7 ght™B6Hr ce. -
7A - of revolutions of a dressing member to that of a turntable.

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 elevation view of
the apparatus of Fig. 9(a).

Fig. 10(a) is a diagram showing a relationship between
the dressing surface pressure and the number of substrates
polished.

20 Fig. 10(b) is a diagram showing a relationshlp between
the dressing surface pressure and the rate of polishing.

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.

25 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.

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 plan view of a polishing apparatus 5 provided with a
phot o- dressi ng device in accordance wwth the present invention. Fig. 15 is
a schematical view of the photo-dressing device enployed in the polishing
apparatus of Fig. 14 show ng an exanple of a construction of the dressing
10 device. Fig. 16 is a perspective view of the photo-dressing device

enpl oyed in the polishing apparatus ef 7Rig. 14. Fig. 17 is a side

el evation view of a polishing unit in the polishing apparatus of Fig. 14.
15 Fig. 18 is a side elevational view of a polishing apparatus provided
Wi th a dressing device according to an eighth enbodi nent of the present
invention. Fig. 19 is a side elevational view of a polishing apparatus
provided with a dressing device according to a 20 ninth enbodi nent of the
present inventgpl. FTh0is2P1ka @iskdsceleyaiionahg xgafmcgéue pol i shi ng
apparatus provided with a dressing device according to a tenth enbodi nent
of the presenidedventhoa. pBoEnbddessnhg dévibe prnesentrdaxeat watthwi | | be
described  below with reference to the acconpanying drawings. 5 Fig. 1
shows var tRRIPERFERGUIBYTBRL®Df dressing surfaces of a ceramic dressing
menber - Accor di pgy t@sa;fi kskenembedbgentioh bhecRtesgbiolavenkign. These
dressing surfaces are, as shown, provided with a plurality of projections
havi ng andemite emphogédsiof thetppbishingnapp@ratds ThE Higssilfig nenber is
used to dress. or conditiog a %ixed a?ras'ggnnggbgﬁ g?éggiincludes arigd
menber orSHAEERY BRHEFARRES . ChufbEP P ST ABF AT VR parTi BT 885 Eered to the
rigidonmenderiead is enployed in a substrate polishing apparatus for use in
polishing a sem conductor substrate, by 15 slidingly engaging the dressing
furface t her eofigi t k6t ha af PREIPEBEAYP VELRENBE thE| BholtPafrefshada

ri angul ar_wave- _sh dr essi i o} a pgctangul ar
mave-shad%%vﬂ?esgl%gggggf%ﬁe?hﬁg?gyééggﬁ?i%%??§%£€%eég #og? 187

Fig. 17 is a side elevation view of a polishing unit

in the polishing apparatus of Fig. 1?.

15 Fig. 18 is a side elevational view of a polishing
apparatus provided with a dressing device accoxding to an
eighth embodiment of the present invention.

Fig. 19 is a side elevational view of a polishing
apparatus provided with a dressing device according to a

20 ninth embodiment of the present invention.

Fig. 20 is a side elevational view of a polishing
apparatus provided with a dressing device according to a

tenth embodiment of the present invention.



ceram c dressing nenber |Ila has a triangul ar wave-shaped 20 dressing
surface conprising a plurality of triangular projections each having an
~obtuse angle a of not less than 1000. Sinmlarly, the ceranic dressing
cmenber Ilb has a rectangul ar wave-shaped dressing surface conprising a
plurality of rectangular projections having obtuse angles 1 25 of not |ess
t han 1000. The ceramic dressing nenber 1 preferably made fromSiC, with
the said projections having a height of around 0.5 nmand a pitch of about
0.5 M as showmn in Figs. 1(a) and (b). Using the ceram c dressing nenber
with dressing 30 surfaces |Ila, lib it is possible to |liberate a sufficient
anount of abrasive particles froma fixed abrasive nenber by sinply

sliding the dreSSEﬁgoéﬂfnfeﬁ%@.so@g@hésﬁréB@nt)ri)m\e@ﬁtm wiIl the Pescshbag
surface of the fixed abrasive nenber, @E osed to_an operation in which

a convent i ohgloporidhi FgTesepag it8 E??IPE% ARAER 8i AEFYIRES necessary for a
dressing; menber Q abﬁagﬁoﬁgevﬁﬂi$@§ec@$fiéﬁtéﬁﬂdﬁg“@Q ek dyngeans  of

di anond particl es ich are provi

g ab he dress#é](_] genber.
As stated abuvéacelesE éi&ﬁﬁﬁ@lﬁa F?%?é%g m%ﬂ ??%5 9 - BeRohbt §&t ached
fromthe dreggsbRamerrber, thel pressho iﬂeeﬁuuéﬂpe mﬁemepmtesmamg pad and

t hereby cause damage in the form of_ sct hes or t he surface
of a sen1c§HH§éF8% §583t?3t§£gﬁpfaﬁﬁoﬁﬁ |ndWlth §%g%é¥1féypdflshlng
operation. Birggectiohsahdvifd) ashenglie essi agyhewbef sndt cleswl thap 100°.
respect.ivel ch _hav a y I ke on
3#)SIﬁPFa?rﬁaFePPa% 9b89 ENgsd @ ?5 %8% o 5ECE5HEH¥EOA KergRch

(DLO) ornmed on a ase so-cal | ed dynam ¢
m xi ng nethaureslabheﬁmbﬁrnlWbiﬁhnﬁPQBu@%$h%dr19%%'%ﬂﬁﬁ%% L 543 in the

coating 'ayﬁéﬁbé% gaaha B%Ebanoﬁbwﬁ@sﬁml ofi¢mds | eBseid@m d00Be as is

‘the case in_ Fi W& % % % &S of tqg Q&5§SI ggqb I'lc or
lid coated Hi&h dP& il PPQe ﬂ%%o%? f% S € yha ngc m xi ng
met hod aISOapbhﬂamahefarlukelnhopdﬂxﬁhﬂﬂﬁcﬁﬂs&ﬁ#ﬁﬂnduﬁtﬁwam@hﬁtﬁaFPhcpﬁs,
such ais' s bLKEINGLY BREUGInGN:HE! Bk & HRGVANH Al ik AN ds ESehay
menbe flxed abrasive member. Fig. l(a) shows a triangular wave-
shaped dressing surface. Fig. 1{b) shows a rectangular
wave-shaped dressing surface. More specifically, the
ceramic dressing member lla has a triangular wave-shapead
20 dressing surface comprising a plurality of triangular
projections each having an obtuse angle o of not less than
100°. Similarly, the ceramic dressing member 11b has a
rectangular wave-shaped dressing surface comprising a
plurality of rectangular projections ﬁaving obtuse angles B
25 of not less than 100°; The ceramic dressing member is
preferably made from SiC, with the said projections having a
height of around 0.5 mm and a pitch of about 0.5 mm as shown
in Figs. 1{a) and (b).
Using'the ceramic dressing member with dressing
30 surfaces 1la, 11b it is possible to liberate a sufficient
amount of abrasive particles from a fixed abrasive member by
simply sliding the dressing surfaces against the projections
on the polishing surface of the fixed abrasive member, as
opposed to an operation in which a conventional polishing
35 pad is utilized a wherein it is necessary for a dressing
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 particles



accordingly it is possible to prevent scratches or other danage being
created on a surface of a substrate to be polished. In addition, a
sufficient number of free or |oose 20 abrasive particles can be generated.
Figs. 2 to 5 show a polishing apparatus according to a second enbodi nent
of the present invention. Figs. 2 and 3 show a substrate polishing
apparatus wherein a surface of a substvtate is polished by placing the
substrate surface on 25 the polishing surface of a fixed abrasive disc 20

under  presgrd €1 Ihee aPb a5L¥E6mEI §6t26ne8 bonfethéodfesinyanbabas, fAll
substrate to be ollshed énot shomniﬁls hel d ate carr| and

bst
brought int@nEdntRRtSWrEacenet oPP ?ﬂbngup?gyﬁn%f ﬁﬁeégrggP§8 gISC
under the 3fopes atbem 6f Q@réﬁéﬂé&OGr(ﬂaheshnme)toThhetaunfabbeoz4aand

the substrate carrier rofa bout their .own_axes ent | t he
surface to %@“b%??@%%ﬁoﬁfs?ﬂﬁkgﬁggt?ﬁftacﬁn%u¥ﬁn8 ra5|vea§§§g 20 g}e
caused 0 spbHesrOAgnSpeeathonot her thereby polishing the surface of a

substrate (o be 3p.poll Pefl o8 985 ghoyaROLL2NG eARRRLALYS hAGPIQW, ded

with a dressing I xed a ive disc, wt
abrasi ve d|s@specngvdlgssedcprhonng a pohtshingawper AR 8. a- diﬁmoﬂgfhas

peen stal ed, 3pQVe,rBSGasec) NEx Ei@§i§? fheerhs) gepmeal by b Gedalln base

conpari son Wth a po |ng c a_convent | onal_ OVP appar at us,
t he abraS|vbydaSSOrcgéﬂédl§Ynﬂ@q9|mé§lﬂé EétFPQtOFnOBPGEr tidp £o 9 ate

surfac ol O oli d r i geide e t
Conventeil Ona.f?@gﬁo& §HeUdakhg18s’ 80HhAI peifegheecohtihgt nagersHaaeearch in t he

essi ng process_a dreSS|n di sk-
dr essi ng su??ﬁ@eaﬂa98ﬁ558 8rdhet 8F RAtc eﬁgngﬁﬁpmgbg ?H%%S%ﬁeéggggggeof t he
?brgS|ve ?Iﬁﬁ F§ggengnahlanasedb)As Ther @sul bf the dressiing swembg&de is able
e abr asi YedPSc L inFaahelng i aTaaaa ke SazBop bR? £oe SkampIACe O

the abrasi ressing operati
carri ed outthalBgnamycamnassgthetbnﬂlaésgueﬂamén@ﬁetﬁe11564&§P@@-dﬁ%c To

igh%grt a OrQ?gﬁﬁéQ?anhawgmoﬂdeg§t1%le§nds§chaa%0§ssﬁ&R@dydﬁﬂﬁikﬁ&hr
in using a conventlonal 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 sufficient number of free or loose

20 abrasive particles can be generated.

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

25 the polishing surface of a fixed 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
polishing 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.
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

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.



15 fromthe center of the abrasive disc 20 to the outer periphery thereof
Is used. Fig. 2 shows an exanple in which a rod-shaped dressing nenber 15a
extends fromthe center C of the abrasive disc 20 to the outer periphery
0. Simlarly, Fig. 3 shows an 20 exanple in which a rod-shaped dressing
menber 15b extends diametrically to the abrasive disc 20 between the outer
peripheral surfaces 01 and 02, passing thoough the center C of the
abrasive disc 20. A substrate carrier 21 holds a substrate to be polished.
lngsfggtster %se h%@{ fbt%n @tdﬁ(ﬁteﬂ&)@é fa:km:tﬁué.é stm\mmdsﬁ.wmidiesqar'essi ng the
ai ns e I shin sur ace of .the a ra ' 0 r a
predet er mi Fed sl ‘-:Pj(é) LASQihe? Lt EHE S | géfcg%%i %’gfg{q?he
pol i shi ng Siﬂfaa(‘cﬁ)rﬁfertﬁlﬁar&bl mweambmﬂﬂs wthe mbias s oot at taglfaihd

Lhus pol | s10g,0fed e, Subst {2 e, 30, Pracepds,  asyslalatt Seacd 148 dhessi no

operati on, ng nenber Taor b 1s activated ¥
pressing cydlige®@2o ad mmmitarsiegnee@m@sfwtfcﬂ%% 20Howrsce® ediRothRe

turntabl e 24|s t | f 0 -
abrasi ve dist t% ag‘iejsse éJ;ggsl'sﬁecause t%e r od- sha nﬁehg“%%es‘ifﬁl %re%‘gg;{ 15a
or 15b and sﬂff@edsmlféa%%lm@ W@ﬁ%slwwgt%edw%%‘?ﬁéﬂﬂ}% b9 eBALLEA 1ine

cont act VMtéhéﬁ“%hé“{#ﬁl&§“$9rﬂﬁa QYeisihe @ﬂ§¢rﬁsr§5héﬁalﬂy ﬁﬁedabr33|ve
disc 20, it Is possi dress the abrasjve - i sc 20 ungfg
I'n- SI

its radial aiTestion. thdr@eeesing FRekcy i:%ma%e pfe‘?f 7 P Hhe
state Wi | & the-+ sypsin adechigl dabyatde subsiisiiengasurfaclof stheing

polished wth the abrasi di 20. 5 Fi
confi gur at i BHRHFVe ( (ST o\ée'gli\%%gﬂe%?%sglﬁg ?‘re%%%ggé\f% X%H-géi:gﬁ ﬁggt hgr&al
Egﬁfen al otngaé hﬁ}h{:ﬂ@d d>1VtItF]/h1ﬂermljrua;d:rasedthen ¢meife gsmeface h@fsébﬁl onal
i gurat i 0 e.r
%hﬁﬁ%'v?rl fod-s @gegog%gséﬁfgoggﬁﬁ?§ﬁs d2asRwd 1Rbrigy .be

circul ar, angul ar ~or Is preferable for the
r od- shaped ati@s3i ngy rq@ﬂshase%@rgﬁw%bm%b% b3V Hetei $REBRELBE t he

dressing spriAcCESe SBOMPetNoE! Bhe labkR¥eVEr ditbezdr esstig sutéace of

periphery thereof is used.
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

20 example in which a rod-shaped dressing member 15b extends
diametrically to the abrasive disc 20 between the outer
peripheral surfaces O, and O,, passing through the center C
of the abrasive disc 20. A substrate carrier 21 holds a
substrate to be polished. The substrate carrier 21 rotates

25 about its own axis while pressing the substrate against the
polishing surface of the abrasive disc 20 under a
predetermined pressure. Conseqﬁently, the substrate slides
against the polishing surface of the abrasive disc 20, which
is also rotating, and thus polishing of the substrate

30 proceeds, as stated above. 1In a dressing operation, the
rod-shaped dressing member 15a or 15b is activated by a
pressing cylinder 22, at which time the abrasive disc 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
surface 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, it is possible to dress the abrasive



t he rod-shaped dressing nenbers 15a and 15b is not necessarily limted to
those shown in Fig. 1. 15 Fig. 5 shows a structural exanple of a polishing
apparatus including a rod-shaped dressing nmenber which has a circular
sectional configuration and which is rotatable about its axis. A

rod- shaped dressing nenber 15c. is a roller having a circular sectional
configuration. The rod 20 shaped dresstnyinenber 15c has a center shaft 16
supported by bearings 17. The center shaft 16 is rotatively driven by a
nmot or 18. 'HESGcnauuﬂmfarmﬂﬁhameﬂtﬂrea@img #@enpetiofr ol MergovYst.is pressed

agai nst a p |ISth surface Zb[&s Os by 8egns1af tRepressing
cyl i nder %%??rportiﬁné% T%gtgbrgste di sc Zoels

secur ed tc>sub&tnaﬁeﬂh@id4byNeaﬂwhub%tr@t%u@@¥¥a@é ghrifebednanppddshed
substrate t&’%h ﬁﬁgﬁ931$egd @Cs§ﬁ1conductor wafer. The substrate
at eés e

carrier 21 10 e pressing t substrate alnst,the O|IShI%
surfaceSof the aftisi ve shews 2exampiss 3D %%WF%%F%% BYRELIUEALALDR P pe

apparent, '{hérEéhp@ﬁéﬁgﬂn@reQQPﬁéa&éﬁbeigesﬁﬁdnsﬂﬁpEdgdtessaﬁ@ Benber 15c
itself rotates

e abrasive_ disc 20 sec ed to 5 {Hta? g % also
rotates. Thedkgmralongethpelineg hénb¥r 148 é UFHEaEE fade "o b dressed
of the abra@ﬁéGsé&ﬁfoﬁalceaﬁfigh@atiaﬂ cpnthet r38-shahedadhesshos uniformy
over the radlus of the abr.a

20. t hi
G 6551 ng opeheth L8an9BA- LrbvRaRdEs PRFulpct SEReTRe Shranrath o 0o
Figs. G0a) m@ﬂaébﬂaeachlshmm/pneéesebneafopatheorOQ ghapedbgregsdngol i shi ng
apparatus accrdind,Le gahnitd. 15TBachEB0tagh LhenpoRseRt kRueRkabing

particul arl carri ér and®proxi mate tions. In th cP hlng
appar at us, sudfasssnghaenbén Pbg.id- prBOWé@Gr@nt ﬁed§GFFéBE Sgrgﬁ

ring 25 pro n QULEEEsBShPReRY¥eet @5asdbat nabeieanbiter 21 for
hol di ng they%%sg?&pgégﬁeera ° Flon oe a substngte Wt o be polished.

AIternatlve¢QCe$ﬁérl§H|HémFFﬁQ FPSEPPSEaﬁhB@nfép &% rdm a dressing menber
25b. I Fig. 6(afyiga gusHBwEi AgsRbutsupavabkymbilet e aopbhésbiner 10

peri pheral ggﬁéfggugflgc Hgi%5a56r8 [Eh35ealdkggsﬁﬁﬁsﬁhﬂge§ which has a
circular sectional configuration and which is rotatable
about its axis. A rod-shaped dressing member 15c¢ is a
roller having a circular sectional configuration. The rod-

20 shaped dressing member 15c 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 member
(roller) 1l5c¢ is pressed against a polishing surface of an
abrasive disc 20 by means of a pressing cylinder 22 through
25 a support portion 23. The abrasive disc 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 will be apparent, in this polishing
apparatus, the rod-shaped dressing member 15cC itself rotates,
and the abrasive disc 20 secured to the turntable 24 also
rotates. Therefore, the dressing member 15c and the surface
to be dressed of the abrasive disc 20 come into line contact
35 with each other uniformly over the radius of the abrasive
disc 20. In this manner an appropriate dressing operation
can be provided with respect to the abrasive disc 20.
Figs. 6(a) and (b) each show an essential part of a



sem conductor wafer Was a substrate to be polished against the polishing
surface of an abrasive disc 20, while sliding the sem conductor wafer W
across the polishing surface, and a dressing nenber 25a is fitted to the
| ower end surface of 15 the guide ring 25. Accordingly, the dressing
surface of the: dressing nenber 25a slides across the polishing surface of
t he abrasive disc 20, thereby dressing-thé polishing surface of the
abrasive disc 20. The dressing nmenber 25a may consist of, for exanple, a
dressi ng nestestpavei gellishihgaapparettsngctaydingf tdi anbhdrfli ke carbon or
a simlar n a 2 S i ng or

anot her fF$$E§%$ﬁ$ﬁe of Eﬁ% bﬁggaﬁé gyggﬂgﬁgﬂansé§g%%?gh?%gkﬁlch t he gui de
ring 25a isubgbtpatd corEiEECﬂnﬂhQrﬁﬂmmﬂtgnP@ﬁtaoﬁﬁesslﬁgtﬁéﬁbépllﬁbﬂn925

exanpl e, thE%QHfQFuE'ng b%eggﬁﬁgdmgﬁﬁgka2§§r§§1ﬁraﬁiﬁéﬁabn €h8- ser€acend

t he | ower surftace thereo used as a dressing nenber surface. In
this cade apEoa gnédersdBEngdS pupvadedopPnathfi aBLRrnge25BREFEvPded on the

out er perlpgﬁsékraeer&aeﬂlek 215 @bt hBUASHESthat Bueakr perigheshildes across
t he 30 polishing surface of an abrasive disc_ 20 tati

turntabl e 2BOTtsoRhefeBySHPESTALRW pSPl?ﬁlHﬂll§ngacegggefﬂg%éHF§¥|vgh%'sc
20, as in tggigaseifnf Etgelﬁ(ahn benfaemeddapom mﬁﬂhebhusglmembEIOQStfreed

abr asi ve partlcles enerated dycin ol i n effe |v
suppl i ed 351RcFiHe Pﬁ?irfgcguﬁgFmEéHgtgé %%b§P¥g 2 w?%g@ g %%I%é e &
t he abnasi vpediphe?2@l pobgtidnshdwa anbsheatenbadrmentZéffphepp6§§eﬁg a

I nvention. In this.e i here.a ed_a a rdd1g
20a, a substFArE® 8P52392gg§%5 g gress%ﬁgg%gghg Lo g ?$§15§EES?§w%%§ﬂ1
28. is provkbdedpphishéhgasuafaces ofoasup §aﬁaV@hé1§Gtép p@hﬂéﬁeﬁ}léﬂng

substrate Wag selniesﬁa%tbh}ew%'f@%t Wabérhglsdehezﬁotl@sﬁ@h\ges&&f&c@Ul dend i ng
5 for holding the substrate W__The dressi ng BFOVI ed MAt a

dressi ng squéE@séﬁnﬂh@eﬁﬁﬁér2§FeéstﬁéF§SF tolﬁhﬁhﬁgwgﬁbSB
dressi ng negher gé8desrighaced.ar Qttﬂ:drdtihglyubsheaﬂ&e\#\lsn.ngsBuhfacteamfertltmat
the dreSSIng Sgggng member 25a slides across the polishing surface of
the abrasive disc 20, thereby dressing the peolishing surface
of the abrasive disc 20. The dresSing member 25a may
consist of, for example, a dressing member provided with a
20 coating layer of diamond-like carbon or a similar material
on a metal base 25 by means of dynamic mixing 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 example, 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
surface 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 disc 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 invention, 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 disc 20.
Fig. 7 shows another embodiment of the present

invention. In this embodiment, there are provided an



of the dressing nenber 28 is flush with the surface of the 10 substrate W
to be polished. The cup-shaped abrasive ring 20a is subject to a circular
orbital notion or rotational translational notion. Consequently, the
abrasive ring 20a is dressed during polishing, with freed abrasive
particles being generated and supplied to the surface undergoing 15
polishing. Thus, because freed abrasive particles can be effectively
supplied to the surface to be polished of the substrate W efficient
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effectively supplied to the surface to be polished of the
substrate W, efficient polishing can be performed. It
should be noted that in Fig. 7 the numeral 23 denotes a
support plate 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
polishing a substrate, e.g. a semiconductor 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 wvaries
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 altered 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 relationship between the ratio of the number
of revolutions of the dressing member to that of the

turntable and the surface configuration of the abrasive disc.



wi Il be understood fromFig. 8, when the nunber of revolutions of the
dressing nenber is lowwth respect to the nunber of revolutions of the
turntable, e.g. the number 10 of-revolutions ratio (the nunber of
revol utions of the dressing nenber/the nunber of revolutions of the
turntable) = 0.24, the polishing surface of the abrasive disc assunes a
general hill-like form in which the cengygal portion is highest. 15 Wen
Eﬂe rati o of the nunber of revolutions of the dressing nmenber to that of
eft“r”t ?b ﬁ%' %ﬁg?gs:ﬂwﬁ ¢h E%ow@ntﬁQpEQQEhﬁEé (ﬁhbofrbhetﬁel tehiteg of
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substrate \Wis§nbekbebpuabssbfr§E¥OLRILPBP ratiphAgh2aP8Gf6t-ates, “ahd
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for measuring £ height of the surface of the ab
rasi ve di sc 20 over an
area of the 35 sha ed abrasive dis
15 Whedjthe ratio of thF %Rm&k&ﬂb%h%é%% &Jﬂ% % the

dressing member to that of the turntable is 0.60, which 1is
an appropriate ratio, the polishing surface of the abrasive
disc becomes approximately flat.
Wwhen 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 polishing surface of the abrasive
disc is worn generally into a valley-like form, in which the
central portion is lowest.
Fig. 9 shows a polishing apparatus having a sensor for
25 measuring the abrasive disc surface configuration. In the
apparatus, an abrasive disc 20 is bonded to a rotating
turntable 24. A substrate W is held 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. The polishing
apparatus further has a dressing member 11 for dressing the
polishing surface of the abrasive disc 20 by being slidingly

engaged with the polishing surface under pressure. In



5 outer periphery thereof. Accordingly, it is possible to neasure the

di stribution 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 neasured
by the sensor 37, and if the neasured surface configuration of the
abrasive disc 20 is not coincident wihy¢he desired configuration, the
nunber revol utions of the dressing nmenber 11 is adjusted on the basis

of the data %g{ “t{ﬂ@ a&%&ﬁ%oﬁé&é% Waesn OdpdPs i@y odustons of the

turntabl e guration of the_ abrasive disc, 20 can
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olished flat. In the shln pr usi
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load, 30 afs&XsesehdepaPEningf aﬁp&fddusabthel yerpacei cha§igpnragéndr &fed
which results in excessi we t he_abr gsi S azredugig qF i n
its woﬁﬁlufn¢fépr¢?bvel%%§? 2ﬁoﬁg m?ﬂ%u$%§UI¥§ tﬁéaﬁegggngZEnt carried
out to examme mé£sufeﬁahunﬂabepcbefm&enaulessbﬁgtbarﬁHEéSﬁﬂésgﬁﬁg &% a

nunber 35 of wafers cap o [ gQ&Q@hVE GhieS QLumbAsT
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process using a fixed ~abrasive gl 3Se1t"SaMUMBELSO" (HRf €LecGRRAbI e of being
configuration of the abrasive disc 20 can be adjusted to
that which is desired. When the polishing surface of the
abrasive disc 20 assumes a general hill-like form in which
the central portion is highest, the number of revolutions of
20 the dressing member 11 is lowered relative to the number of
revolutions 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 flat polishing surface
thereby enabling the surface of the substrate W to be
polished flat.
In the polishing 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. 10(a) shows
the results of an experiment 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 conventional chemical/mechanical polishing

(CMP) is in the order of 1,000 wafers regardless of dressing



pol i shed by one abrasive disc is consistently higher than [

with a conventional CMP. Wen the surface 5ypregsure S Io&?nin.agthvgd
g/cm 2, the nunber of wafers able to be polished is in excess of 30 times
that achievable by a conventional CVWP. Wien the dressing surface pressure
is 30 to 40 g/cnR2, the nunber of wafers able to be polished is in the
order of ;0 times that of a conventional,£MP. 10 WWen the dressing surface
pressure is 70 g/ CM2, the nunber of wafers able to be polished is in the

order of 2 to tinmes that of
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Fig. 10(b) is a diagram showing a relationship between
the dressing surface pressure and the rate of polishing, in
which the abscissa axis represents the dressing surface

20 pressure, and the ordinate axis represents the polishing
rate. That is, Fig. 10(b) shows the results of an
experiment carried out to examine the relationship between
dressing surface pressure and a rate of polishing for a
blanket (with a flat film)} wafer. When the dressing surface

25 pressure is low, i.e. 2 to 3 g/cm’, the polishing rate is
low, i.e. about 400 A/min., although the number of wafers
that can be polished 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 application. When the
dressing surface pressure is increased to 30 to 40 g/cm’,
the polishing rate for the blanket wafer increases to about
1,400 A/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 is limited to



30 g/cnz , a stable polishing operation and increase working Ilife of the
abrasive disc can be attained. Followng is d description of a dressing
met hod according to a fifth enbodi nent of the present invention. 5 The
dressing nmethod is applied to a substrate polishing apparatus wherein an
abrasive disc is brought into contact wth a substrate under pressure.
According to the dressing nethod, the_apyasive disc is supplied with a
l'iquid capable of dissolving a binder of which the abrasive disc is 10

consti tuted,, Eﬁérﬁ‘er %b§t%%'1% qlfsrh%% YeasithR Palrd Glresreathi akofkireg i on
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car boxymet hy| 1, cgl syboeeatal Ghasr pFwssure. Pl Aeonrdingotiputhe| dregsdng
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sucr ose, Ia@ioﬁﬂssaivmﬁgoaoﬂnndet gquhmahethesébr@ﬁFBe PAGSi Afte dextrin,
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| socya a mxe wat er and alcohg I s used %ilg
li qui d capabhecbf fdhssdbni hg érbsﬁdeﬁh@faﬁﬁﬁéﬁvﬁhgléﬁra5| gn BYrf 4%

const i tut ed; '&s{ea ke %a@hghaﬁ U3eqaRa , Obnkhesf thownugomn@emanm
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|
(hydroxyprobyvlnéehﬁaho§@}UbPE6 @N&Brﬂ&gégpéﬁlyéFﬁztgnge e§%§ %gﬁé When

an acid sol y-98i;8 pagdiases,! tﬁék@b?ab&bhglﬂb dibsmid] winngf&e3s bi nder

constituting the abrasive dISC t he Q Nyl
di et hylldni nBaIRAERALRY it SFESSEPTe. ergﬁgglk&%8!s§lu¥Fo%ﬁ$§ﬁ%§Zd as. a

| i quid capaRheifify dodsbliving in water are agar, starches, hydroxypropyl
starch, sodium alginate, carboxymethyl starch ether, gum
arabic, SMC (sodium carboxymethyl cellulose), methyl
cellulose, partially-saponified PVA (polyvinyl alcohol)},

20 tragacanth, gelatin, collagen, casein, crystalline cellulose,
carboxymethyl cellulose calcium, Tween, Pluronic, sodium
laurate, carboxylic resin, ammonium sulfate, potassium
chloride, salt, bentonite plus various chlorides, urea,
anionic surface-active agent, glucose, sucrose, lactose,

25 monosodium L-glutamate, sodium 5 -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
liquid capable of dissolving a binder of which the abrasive

30 disc is constituted, it is preferable to use one of the
following binders: PVP (polyvinyl pyrrolidone), HPMC
(hydroxypropyl methyl cellulose), HPC (hydroxypropyl
cellulose), PEG (Macrogel: polyethylene glycol), etc. When
an acid solution is used as a liquid capable of dissolving a

35  pinder constituting the abrasive disc, the use of AEA
(polyvinyl acetal diethylamino acetate) is effective. When
an alkali solution is used as a ligquid capable of dissolving

a binder of which the abrasive disc is constituted, any of



a binder of which the abrasive disc is constituted, any of - 18 the
following binders is effective: phenol, cellulose acetate phthalate
Eudragit L (nethyl nethacrylate - nethacrylic-acid copolyner), and HPMCP
(hydroxypropyl methyl cellulose phthalate). At the time of dressing an
gg{askye 5 d:sg_using one of the various binders nentioned above, a

i shing solution active against the bifpger used is suppliedt '
the binder, thereby enabling a self- dregging operati on. pIgig 110ig|280|ve
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apparatus, an “electric current is supplied froma power source 30 to a
substrate c@FeFeing@1°PRFBLYA"a rotary connector 31. The electric current

flows into the elecgrical iy aoaﬂagramgdéﬁcabbasgve dress208 heshedn
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ereby effectin olishing the
substrate WEThbebbadderofs bﬁ@kéﬁr&§ﬁveaal§ée€65§FsPBﬁ§38§sé%ugﬂﬁ%?Qﬁ a
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operation. Examples of binders in which the bond is broken
by the passage of an electric current include a cast iron
vond, a fiber bond, an iron bond, a cobalt bond, and a
composite bond of these materials. These materials are used
20 as binders constituting an abrasive disc 20A which is
electrically conductive. In this polishing apparatus, an
electric current is supplied from a power source 30 to a
substrate carrier 21 through a rotary connector 31. The
electric current flows into the electrically conducting
25 abrasive disc 20A from an electrically conducting guide ring
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
electric 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 ionization (electrolysis) in water
which is supplied as a polishing liguid. Consequently, the
35 bond of the binder is broken thereby freeing abrasive
particles in a self-dressing operation.
Fig. 12 is a diagram describing a dressing method

according to a seventh embodiment of the present invention.



particles in a self-dressing operation. Fig. 12 is a diagramdescribing a
dressing nethod according to a seventh enbodi nent of the present

invention. - 19 |In this enbodinent, as abrasive substances, S102, A1203 or
CeO 2 are used and, as a binder, a resin material, e.g. phenol or
polyimde is used . Because the binder material is organic, when

irradiated with Iight, the binder is 5.dggonposed by the photocatal ytic
substance, whereby bonding wthin the binder is broken and abrasive

particles freehs FuhbOfimehY B! aBERG; JoPbabOEEAGESY s O] ASAVE, dbsC i xed
with a photocatalytic substance, e.g. 02 or ZnQ, as an abrasi ve disc
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abrasive disc 20B is broken thereby freeing abrasive
particles in a self-dressing operation similar to that
stated above. The arrangement of the apparatus for
polishing a substrate W by slidingly engaging it with the
20 polishing surface of the abrasive disc 20B under pressure
using a substrate carrier 21 holding the substrate W,
exclusive of the light 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, 1is 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
should be noted that a photodegradation substance which is a
30 photoresist material may be used as a binder instead of
mixing the material of the abrasive disc with a
photocatalytic substance.
Fig. 13 is a diagram showing a modification of the
polishing apparatus illustrated in Fig. 12. 1In 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 can be directed at an entire



pol i shing apparatus illustrated in Fig. 12. In this 35 apparatus, a |l aser
| i ght source 35A is used as a |light source to direct |aser beans at the

abrasive disc 20B. The laser light source 35A has a | arge nunber of | aser
beam outlets so that |aser beans can be directed at an entire - 20 area
of the abrasive disc 20B to be irradiated. The laser |ight source 35A is
capabl e of oscillating in the directions20indi cated by the doubl e- headed

arrow in the figure. Thus, it is possible to avoid |ocal concentration of
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arms, abrasive particles bound to the rigid base member by
way of the binder are able 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 resin materials are about 98
kcal/mol and about 80.6 kcal/mol, respectively. Thus, 1if
light rays having a larger energy than the above-noted

25 energies are directed to and absorbed by the binder to such
an extent that the absorbed photon energy exceeds the above-
noted binding energies, the molecular bond will be broken.

As light sources for effecting such molecular bond

breaking, for example, KrF excimer laser light having a

30 wavelength of 248 nm and photon energy of 114 kcal, ArF
excimer laser light having a wavelength of 193 nm and photon
energy of 147 kcal, and Xe excimer laser lamp light having a
wavelength of 172 nm and photon energy of 162 kcal may be
used. Although these light sources have a narrow wavelength

35 distribution and are capable of generating high-energy light
rays, they are expensive. Thus, as a low-cost dressing
l1ight source, a low-pressure mercury vapor lamp is often

employed, which generates strong light rays having



energy of 147 kcal, and Xe excinmer |aser |lanp light having a wavel ength of
172 nm and photon energy of 162 kcal may be used. Although these |ight
sources have a narrow wavel ength 35 distribution and are capabl e of
generating high-energy light rays, they are expensive. Thus, as a | ow cost
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253.7 nmand 184.9 nm (resonance lines of nercury) in spite of having a

broad wavel ength di I but i on. desgrifed Y £xanpl gesap€- C bond
in a resir|W?éh%ﬁléfﬁ%agga%gghgﬁ%§ %$&8%§% ig§$/ﬁ%?§§%%, t hus egnoer_lergy 5
required fovemmmey htimgspibedofbhasing papreadcdavalensth AtafaiRHE6AT he

basis of the binding;ener edpélfé%pgfof hé’ﬁgalﬁﬂ)i%g@t@ft ependyi®faaresght

can be absorbed in a surface of an abrasive nenber to which the light is
directed, nateriahthansanpenperdecdt cBerfykand/mabetthgt HUF . 2NERRFY 9Y0

(h: Pla Ck]99$§£ £¥r MEhOBLEYMg fhebat gerabeveipantiaiéoncamni bl |ight
havi ng g wave eﬁ%?% %fr3%1 nm or [ ess enab| regkégggof %he above- not ed
"a

es.. b
mol ecul ar BEHEUIBhRY ePn Fhetﬁﬁ§i%oﬂﬁe5??ohfgﬁé?% & FOBMER? t hat

the tenperaiiye &1 @béﬂSéﬂ@rgﬁn@ﬁraanﬂgntcb@m pal abdérbedquin, aand an
abrasive liquid or the like on_ t

.the abrasiyve r.is trajised.un
irradiaIichWﬁ?@P%i%ﬁ-%ﬂe?8§aﬁ?§ﬁtmeTé§§,tﬁh?ﬁﬂgﬁst#?a%%gﬁ?ol%aggéegtg ange
in propertigse STHtianchapgbetwepnopeetyesand wakelgngbhi npapr ERB/V
stability of asion_or _poalishjn nc | h : 2126,
dressiﬁ& ne&hbgggﬁg%giBgﬂsgggté,vf?vggg%gé Fag?%gggé%rge?gegrgggggfing or
t enper at ur evcomt T byhsybavimgThewavelengtbr oft 3hbentt OF elesft BAPIPSt em nay
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include a heate exgbanghparaeober ophhhabsabioughembent andoat abemiichid t he
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member is raised under irradiation with high-energy light
rays, which is liable to cause a change in properties. Such
a change in properties is likely to impair the stability of
abrasion or polishing performance. Thus, in the photo-
20 dressing method described above, it is preferable to provide
a cooling or temperature control system. The cooling or
temperature control system may be of a heat-exchange type in
which 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
into contact with the chemical liquid, or the abrasive
liquid or the like on the abrasive member and/or the
abrasive member to thereby cool them. It is important that
30 use of the coolant or the heat-exchanging member causes
neither decomposition of the abrasive liquid, or the
chemical 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. Thus, providing a coocling effect by
supplying an abrasive-aid agent such as a KOH liquid and an
oxidizer and/or a dressing-aid agent such as a liguid having

hydrophilic functional groups to be described later is



30 use of the coolant or the heat-exchangi ng nenber causes neither
deconposition of the abrasive liquid, or the chemcal liquid or the like
on the abrasive nenber, nor any change in the density of the same, during
a cooling operation enployed to facilitate appropriate polishing by 35 the
abrasi ve nmenber. Thus, providing a cooling effect by supplying an
abrasive-aid agent such as a KOH liquid anrd-an oxidizer and/or a
dressing-aid agent such as a liquid having hydrophilic functional groups
to be descrjpefetabee.is - 22 -. preferable. By directing photons from
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10 have a Nygigphbh naa&u;)ﬁot%ﬁ@ﬁ.tﬂeaqn&L%mlml bRong earuksdieefdect ed

across an enhfire sur an article to be ol i shed wi thout the abr35|ve
liquid bei ngerepefiind d¢fe the meReckydioprndsc né@uﬁé%@%@%ﬁé’ﬂwn

menber 1cﬁyd58mt&bﬁ bUuBGHLRARN BRYRY aNChpd®i1@ty +Q0QEparddtz - CO, - SCBH

and the like, and it is preferable to supply ana%g%gou% c%gggynq¥;0
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apparatt polished without the abrasive liquid being repelled due to
the hydrophilic nature of the abrasive member. Hydrophilic
functional groups include -OH, -COOH, -NH,, -CO, -8SO;H and
the like, and it is preferable to supply an aqueous compound
20 solution capable of binding them to the abrasive member.
Moreover, it is preferable to bind hydrophilic functional
groups to abrasive particles by breaking molecular bonds
under light ray irradiation in the same manner. Thus, the
abrasion or polishing performance may be improved by
25 employment of abrasive particles with the surface modified
with hydrophilic 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 polishing apparatus is, as

30 viewed in Fig. 14, rectangular as a whole and includes a
pair of pelishing units 5la, 51b positioned adjacent to
each other on opposite sides of one end of the polishing
apparatus and a pair of loading/unloading stations
positioned at the other end of the polishing apparatus and

35 adapted to receive wafer storing cassettes 52a and 52b.
Along a center line connecting opposing ends of the
polishing apparatus, there are provided wafer transfer

robots 54a and 54b. PFurther, there are provided on either



provided with a photo-dressing device in accordance with the present

I nvention. As shown, the polishing apparatus is, as 30 viewed in Fig. 14,
rectangul ar as a whole and includes a pair of polishing units 5la, 51b
positioned adjacent to each other on opposite sides of one end of the
polishing apparatus and a pair of |oading/unloading stations positioned at
the other end of the polishing apparatuszgnd 35 adapted to receive wafer
storing cassettes 52a and 52b. Along a center |ine connecting opposing
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dressing devices in the respective polishing units are
symmetrically arranged relative to the center or wafex
transfer line in the polishing apparatus.
Fig. 15 illustrates a constitutional example of the

20 photo-dressing device 62. The photo-dressing device is
equipped with, for example, a low-pressure mercury vapor
lamp 63, which acts as a light source for irradiating a
surface of an abrasive member to thereby promote the
generation of freed abrasive particles from the abrasive

25 member. A power source 64 is 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 which 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
filter 68, a valve 69, a fan or blower 70, a heat-exchanger
71, and a jet nozzle 67, whereby a cooling gas 1is 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 device 62

is further equipped with an infrared rays temperature sensoxr



to supply an electric current thereto so that the |lanp 63 generates
short-wavel ength |ight rays as stated above. The generated light rays are
collected by a mirror 65 (an ordinary mrror or a cold mrror through
which infrared 30 light is able to pass) and directed to the surf ace of
the abrasive nenber or disc. In addition, the dressing device 62 is

equi pped with an abrasive cooling systemjgncluding a filter 68, a valve
69, a fan or blower 70, a heat-exchanger 71, and a jet nozzle 67, whereby
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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
carrying a semiconductor 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 polishing 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
polishing 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, typically when it is

35 determined that the polishing surface contailns significant
undulations after polishing of a plurality of semiconductor
wafers. The mechanical dressing device may be used in

cooperation with a monitor for monitoring the condition of



carrying a sem conductor wafer, whereby the sem conductor 25 wafer is
polished by bringing the wafer into contact with the abrasive nenber 20B
rotated together with the turntable. The polishing unit further includes
-the conventional nechanical dressing device 61 and the photo-dressing
device 62 provided with the Iight source |lanp 63 for, as stated 30 above,
effecting dressing by directing light ra to the pollshlng surface of the
abrasive disc. The photo-dressing devicé”is used before and/or during
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describing a P essi A according to an ei ment o
present invénttba. llﬂhstﬁétﬁﬂlB§ﬂ#§héagpépp§ﬁﬂﬁgsapparHﬂﬁgaséanItrasonic

vibrator 36yigrpEeyi 86d1kNppbasaear i hhglae@vefd%ﬁerhesde hkght-isYrce 35 or
35A. When ultrasonic vibrations are inparted to an abrasive disc 20C, the
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appar atds afSoPRaken pBPFSkYnEErPdiBuaBEHsErS BRLEaRtes ERutae8anEPPat
carrier 21 ébrabovdi dgsa 206. suﬁhﬂsatEhﬁvumtbaspnﬁcshédraaerlBsthgscase of
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rati o rom e u

ul trasonic VI e ‘abrasive di scC _ rasonic
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described apparatuses. In this apparatus also, by applying
ultrasonic vibrations to the abrasive disc 20C from the
ultrasonic vibrator 36, the bond within the binder is broken
thereby freeing abrasive particles and dressing the abrasive
20 disc 20C. In the process, the substrate W to be polished is
slidingly engaged with the abrasive disc 20C under pressure
to thereby effect polishing of the substrate W as in the
embodiments stated above. It should 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 of the present invention. In this
polishing apparatus, an abrasive disc 20D has grooves 38 for

30 discharging particles produced in polishing a substrate.
However, wear of the abrasive disc 20D during use results
in the grooves 38 being gradually denuded. Therefore, in
this embodiment, a dressing member 11f is provided with
projections 45 for regenerating or maintaining the discharge

35 grooves 38. More specifically, the dressing member 11f is
brought into contact with the abrasive disc 20D under
pressure in such a manner that the projections 45 of the

dressing member 11f are fitted in the discharge grooves 38



to thereby effect polishing of the substrate Was in the enbodinents
stated above. It should be noted that in the fifth to eighth enbodi nents,
mechani cal dressing need not 25 always be carried out in conbination with
the dressing process. Fig. 19 shows a polishing apparatus according to a
ni nth enbodi nent of the present invention. In this polishing apparatus, an
abrasi ve disc 20D has grooves 38 for 306 dbseharging particles produced in
polishing a substrate. However, wear of the abrasive disc 20D during use
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of the poléﬁgifgh§ %fggﬁao%ubgpgaggfasive disc 20D. In this enbodinent, it

i s possi bl or the polishing apparatus of this enbodinent to performb5
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configuration of the substrate W or a device for measuring
the surface configuration of an abrasive disc 20 and a
controller (not shown) for moving the dressing member 11lg on
the basis of the surface configuration measured with the
20 measuring device.

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

25 the device 46 measures variations in a polishing rate of the
polished surface of the substrate W, and, on the basis of
such a measurement, the dressing member 1l1lg is moved toc a an
area on the abrasive disc where a polishing 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, in accordance with the present



20 neasuring device. In polishing a substrate, a rate of polishing varies
according to the anount of freed abrasive particles which have been
detached fromthe abrasive disc. In order to provide a uniform polishing
operation, in this enbodi nent, 25 the device 46 neasures variations in a
polishing rate of the polished surface of the substrate W and, on the
basis of such a neasurenent, the dressifng nenber 11g is noved to a an
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that the present. venélon is not limted to the foregoing enbodi nents but
can be nDdI?I%QF+% CPYa¥TEty of ways. -28 Clains 1. In a substrate
pol i shing process wherein a substrate is brought into engagenent wth a
polishing surface of an abrasive nmenber and subjected to a relative sliding
notion there between, thereby causing the substrate to be polished, a

nmet hod for dressing the polishing surface of the abrasive nenber

conprising: irradiating the polishing surface of the abrasive nenber with a
light at | east one of before and during polishing of a substrate, the

abr asi ve menber



cont ai ni ng abrasive particles bound by a binder; and mechanically dressing
the polishing surface to flatten the entire polishing surface after
polishing of a plurality of substrates. 2. A nethod as set forth in claim
1, further conprising supplying a liqubg.to the polishing surface of the
abrasive nmenber during said irradiating of the polishing surface of the
abrasive nenber with a light. 3. A nethod as set forth in claim2, wherein
said liquid conprises a chemical. 4. A nethod as set forth in claiml1,
wher ei n saClinegbr asi ve nenber conprises: abrasive particles; a binder for
bi ndi ng sai d abrasive particles; and a photocatal yst for pronoting
deconposi t 1.dn acbsthate Ipplishing frpcéssrvatireiniacsubstrate iebrobghtdeto. ergageémentt hod as
set forth with gpalishing, surdace of an sbiadiveinmhelrer @ad subjatted 4o agslative #iding net hod as
set forth motial thera Zetwesre teemby cawsingibe sobstadte it bepolishedes TiO2 or ZnO. 7.
I n a substrate polettshi fogdessiog $® pdliehieg sudacudfshe abrasive nieroheght i nt o
engagenent w tdonaprigoig shi ng surface of an abrasive nenber and subjected to
a relative sli tiadgtingtheopolishieg subatensfdne ablasive iyensizarsvithaa lidint atlebsit rate to
be polished, a netdnedfbefordnad durig pdlishipglof alsibsiradertheabrasivetrhembér asi ve
menber conpri si ngiontainiag abdasivg paltielgsdounthbng bindef,ze0@ of t he abrasi ve
menber wi th a |mgtanially Hessihg drepaikhing fsarfacestodiatian thegengioé pslishing of a
substrate, the abrasfave afterepdieningoha alunalingofeubeisates. particles bound by a

bi nder; and nmechanically dressing the polishing surface to flatten the
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one m cr onp@ikRing 88HEE &UnE BbidRRe PRAMISEH dEInG VAl Aediathg ok thepbiRHingS set forth
in clainms ol HratsasRas inghider #4PBlIiyht'g @ Iiquid to the polishing
surface of the abrasive nmenber during said irradiating of the polishing

surface of 3tAmetaR 368 FdFTR a2t Whardid 4id liqlld cdmpmddiadctasnisat forth in
claim8, wherein said liquid conprises a chemcal. 10. A nethod as set

forth in chad fethod¥iedeFdhrSiRicthirAlr Ahbrth SETRBSHE MYMISR TompRBEsASi ve

particles; aBipderpdfiedi nding said abrasive particles, and a
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5. A method as set forth in claim 4, wherein said binder material is resin.

6. A method as set forth in claim 4, wherein said photocatalyst comprises TiO; or
Zn0.

7. 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
sliding motion there between, thereby causing the substrate to be polished,
a method for dressing the polishing surface of the abrasive member
comprising:
irradiating the polishing surface of the abrasive member with a light at
least one of before and during polishing of a substrate, the abrasive
member containing abrasive particles bound by a binder; and
mechanically dressing the polishing surface to flatten the polishing surface
when undulations having a height difference of at least one micron are
detected on the polishing surface.

8. A method as set forth in claims 7, further comprising supplying a liguid to the
polishing surface of the abrasive member during said irradiating of the polishing
surface of the abrasive member with a light.

9. A method as set forth in claim 8, wherein said liquid comprises a chemical.

10. A method as set forth in claim 7, wherein said abrasive member comprises:
abrasive particles;
a binder for binding said abrasive particles, and
a photocatalyst for promoting decomposition of the binder by irradiation of the
binder.



12. A method as set forth in claim 10, wherein said photocatal yst conprises
Ti02 or ZnO 13. In a substrate polishing process wherein a substrate is
brought into engagenent with a polishing surface of an abrasive nenber and
subjected to a relative sliding notiongtherebetween, thereby causing the
substrate to be polished, a nethod for dressing the polishing surface of

t he abrasive nmenber conprising: o irradiating the polishing surface of the
abr asi ve mereA Mgthad as seigifth i claims 3 (wherrin spidihindsr enaterial uepiRg Tpol i shi ng
of a subst r ateA melBod B 461 T0ah imelaipei0 vaerein spidphakncatalvsb cyapises| 143z bound by
a binder; @® nechanical ly dressing the polishing surface to flatten the
entire pol iShimgsuhftfairepolighiag Precess YNBERIMa gebwral IfdUC¥IHiNt® he pol i shing
surface cofngacarest with aipelighing mutacaof amgbrasive merpkariand sabjested todreh in

clai m 13, frelativesidinometiers thegehatwrary thagely auginedhe sulisiate todie RWBRRH sur f ace
of the abrasive nenber during said irradiating of the polishing surface of
t he abr asi ve snearbethod fohdmssing the pdiShing sméadeonf the abrasive onarbérn ¢l ai m 14,
wherein said | icpmptiso@pri ses a chemical. 16. A nethod as set forth in
clai m 13, wher ei n osairrdd@abing tHevmlisitng eurfanenyd thesabrasive bremshier avitpar light bles; a
bi nder for binding slaiast aerddefore pad duriigaslisbhing of a spbettate,dhabbssiveor

pronoti ng deconposi t membef ceritainingratbeasivieypartiaesdianddry otbinddéreandi nder. 17. A
met hod as set forth mechdrigaty tifessingenepolisbngdufhcs tocfiatieh ise entvepri ses Ti Q2
or ZnO. 18. A net hodpashisgtsuffacd wheémit bhabeerideterntivedthat e pbliblingler nat eri al
IS resin. surface contains significant undulations.

14. A method as set forth in claim 13, further comprising supplying a liquid to the
polishing surface of the abrasive member during said irradiating of the polishing
surface of the abrasive member with a light.

15. A method as set forth in claim 14, wherein said liquid comprises a chemical.

16. A method as set forth in claim 13, wherein said abrasive member comprises:

+ abrasive pariicles;

« a binder for binding said abrasive particles; and

» a photocatalyst for promoting decomposition of the binder by irradiation of the
binder.

17. A method as set forth in claim 16, wherein said photocatalyst comprises TiO»

or ZnO.
18. A method as set forth in claim 16, wherein said binder material is resin.






