21 DECEMBER 2005 -1 DESCRI PTI ON ABRADI NG PLATE AND POLI SHI NG METHOD USI NG
THE SAME . Technical Field The present invention relates to an abrading
plate and a nethod for polishing an object such as sem conduChHREEMEBIK 2005
using the abrading plate to obtain a flat and mrror finish. Background Art
Recently, as the density of circuit integration in sem conductor devices
becomes ever higher, circuit patterns _gre becom ng finer and interline
spaci ng narrower. Especially, since the line width becones finer, the depth
of focus of the stepper becones very shallow in photollthographlc
reproduction of circuit patterns, @Eg ég? ? face of the wafer placed at
the focal plane of the stepper nu b ra 0 produce the required degree
of imge sharpness. A nethod of obtaining a flat surface is to polish the
object in a polishing apparatus. A type of conventional polishing apparatus

or tosed agai nsERRDG Aeate AT HoE g PR CoSRRPRr gl U ani ng

object is held therebetween, and supplying a polishing solution to the

interface to produce a flat and mrror polished surface. This approach is
call ed ch@ FcaﬁE q%ﬁ i,cal polishing (CW). 21 DECEMBER 2005 -2 Figure 1
shows esse par an exanple of a conventional CWMP apparatus. The

appar at us 'S pr@MédEge@%hQ invention relates to an abrading plate and
a method for polishing an object such as semiconductor wafer

using the abrading plate to obtain a flat and mirror finish.

Background Art

Recently, as the density of circuit integration 1in
semiconductor devices becomes ever higher, circqit patterns
are becoming finer and interline spacing narrower.
Especially, since the line width becomes finer, the depth of
focus  of the stepper becomes very shallow in
photolithographic reproduction of circuit patterns, and the
surface of the wafer placed at the focal plane of the
stepper must be flat to produce the required degree of image -
sharpness. A method of obtaining a flat surface is to
polish the object in a polishing apparatus.

A type of conventional polishing apparatus comprises a
turntable having a polishing cloth and a top ring which is
pressed against the turntable with a given pressure while
the polishing object is held therebetween, and supplying a
polishing solution to the interface to proahce a flat and

mirror polished surface. This approach is called chemical

mechanical polishing (CMP).



a rotating turntable 5 having a polishing cloth 6 such as a urethane cloth;
a top ring 1 holding an object 4 such as a sem conductor wafer 4 agai nst
the cloth 6; and a spray nozzle 9 for supplying a polishing2s DERGEMBER2065
the polishing cloth 6. The top ring 1 is connected to a top ring shaft 8,
and the top ring 1 holds a sem conductor wafer 4 in contact with an elastic
mat 2 such as polyurethane. The top ring 1 has a cylindrical guide ring 3
on its outer periphery so that the waf@r- 4 woul d not be di sengaged from
the bottomof the top ring 1. The guide ring 3 is fixed to the top ring 1,
and the wafer 4 is held wthin the holding surface so that the wafer 4

woul d not junp eylgirdde of Jiifss t @BsehRYaduepdPrérioat | Qﬂa|e{élﬁ;%:§é Wt hat he
cloth 6. The top ring 1 is supported on a spherical bearing so that it

can be tiddnednMildhanesnect apPatheushal vnd. aPpialrdthel dingpitdheigederidni n the
bottom surface of the elastic mat 2 of the top ring 1, wafer 4 is pressed

agai nst tahﬁfdiﬂa@im(?ﬁ it lalr Nt R En§, aape1tBAihyr dUHE & Siehthe atop
ring 1 are independently rotated so as to slide the surface of the wafer 4

rel ative tgethened 1ottt oa pabhshitnbe 1 weflelirdy 4m bbijeceasge,swcpods shi ng
solution Qis supplied fromthe nozzle 9 to the top surface of the cloth 6.
The poli skinigos@uditoan @afpki se€s afyiasitve thartctbel, 4 pr aexhnpl espraych as
silica particles, suspended in an al kaline solution, which have two effects
of CWP f omozedeconducbar wabelyidly DECEMBERsSRAAG - Sothedbaal Qpotbshthg usi ng
an al kaline solution, for exanple, and mechanical polishing using abrasive
parti cl es poidwéniary, ¢hetltofvent Thaalkopoldisty ny st hoosnedt&i/Pto a top

ring shaft 8, and the top ring 1 holds a semiconductor wafer

4 in contact with an elastic mat- 2 such as polyurethane.

The top ring 1 has a cylindrical guide ring 3 on its outer

periphery so that the wafer 4 would not be disengaged from

the bottom of the top ring 1. The guide ring 3 is fixed to

the top ring 1, and the wafer 4 is held within the holding

surface so that the wafer 4 would not jump outside oJf the

top ring due to frictional forces with the cloth 6. The top

ring 1 is supported on a spherical bearing 7 so that it can

be tilted with respect to the shaft 8.

While holding the wafer 4 in the bottom surface of the

elastic mat 2 of the top ring 1, wafer 4 is pressed against

the cloth 6 on the turntable 5, and the turntable 5 and the

top ring 1 are independently rotated so as to slide the

surféce of the wafer 4 relative to the cloth 6 to polish the

wafer 4. In this case, a polishing solution Q is supplied

from the nozzle 9 to the top surface of the cloth 6. The

polishing solution comprises abrasive particles, for example,

such as silica particles, suspended in an alkaline solution,

which have two effects of CMP for semiconductor wafer,



using such a slurry solution containing nunerous abrasive particles
presents two operational problens. The first problemis that, during the
initial stage of polishing, raised regions of the surface sSiiDECEMBER 2005
preferentially renoved, but gradually, depressed regions are also renoved.
Therefore,. irregularities of the surface js difficult to be decreased. It
is considered that this phenonenon in is created because a relatively
soft cloth is used along with freed abrasive particles contained in the
polishing solution, so that not only the raised portions but also the
depressed pbenigalofoalhe S de®lRd r 40t 8l&adia calssd uricmvetioby eganhle,
abrasive particles. Figure 2 illustrates such problens of the conventiona
CWP, whi chasfomechianiegdl @oiltlisésl ngawsddi dbyakyr asali e d ok 1¢ bes and depr essed
portion of surface filmthickness structure on the vertical- axis and
relative time onHPWeVR&ri zbhealcaxventenahdiptieahing wmsthagsaplef atfMa
relative tine of 1 to reach a stage of surface renoval, the raised regions
are 'pol i shedngr ciHeh ReiYHIBF APSUL 12T DN BaERIRG AU P Ufei ghrasives, 000
angstrons, but the depressed regions are also polished from 20,000 '
angstrons PrtEChes BEGSENGFs tWat QRIEIAT isoiadt PaakdenSrequl arities are
elimnated. Figure 3A.shows surfaces profiles of a fine surface structure
inan initial staf8, ILESFUPEOIBE™ 1§ fildde MHGY Wil Fibielsetpgeactina
stage of polishing. As illustrated in these dramﬁqg , the 21 DECEMBER 2005
-4 irregul BPLLF %“gre ﬁéﬂfééffq%ﬂﬂqnﬁcﬂ%ﬁ retfoveth éﬁﬂe cHRERGEBREI y1Sit is

a tine- consuiring eberahi,of. The seqond probl ey elates. 10, g0t and. .
also removed. Therefore, irregularities of the surface is
difficult to be decreased. It 1is considered that this
phenomenon in CMP is created because a relatively soft cloth
is used along with freed abrasive particles contained in the
polishing solution, so that not only the raised portions but
also the depressed portion of the surface structure areé also
removed by such abrasive particles. Figure 2 illustrates
such problems of +the conventional CMP, which shows
irregularities caused by a raised portion and depressed
portion of surface film thickness structure on the vertical
axis and relative time on the horizontal axis. As indicated
in thié graph, at a relative time of 1 to reach a stage of
surface removal, the raised regions are “polished from a
height of about 27,000 angstroms to a height of 16,000
angstroms, but the depressed regions are also polished from
ZO,QQO angstroms to 16,000 angstroms, at which point, the
”irregularities are eliminated. Figure 3A shows surfaces
profiles of a fine surface structure in an initial stage,

Figure 3B in a middle stage, and Figure 3C in a final stage

of polishing. As 1illustrated in these  drawings, the



consi derations. The polishing solution is usually a slurry containing a fine
silica powder in suspension, but to obtain a uniformy flat surface of high
quality, it is necessary to supply the solution in a |iberakl DEEEMRBER 2@05
the polishing surface. However, nost of the solution supplied is actually

di scharged as a waste solution without contributing nuch to the polishing
process. Polishing solutions used for-Hi-gh precision polishing of

sem conduct or devices are expensive, which is a factor |leading to a problem
of high polishing cost. Al so, because such polishing solution in a slurry

condi t i oni ees @l ABi0iéar garguaridrtyy ofigbiasive part bel esxentiicdi as shdi ca
particles, the mai ntenance of working environnment is apt to be difficult.
That is, eodequenatipp iof isohutina-supplynisysboperardodr.ai nage system by the
slurry is serious, and the waste solution nust also be treated extensively

before di scardiTige AksondafgreibleerCMPephtessso dhet Waher serar Erovasdietal o
renmove the polishing solution, but the waste water fromthis operation al so

must be teead pdleratiansi m Tae pinerhiangd pobesian épviuwsaadent &l $robrem
Di scl osure of Invention To solve the above described problens, it is -
t her ef or ecoratra Dibj gt aof ihbes pil @ésenpoiwvdeentinos ulse eprsavdrge kart abw asbht@in pl at e
and a nethod using the abrading plate for preferentially renoving only the
rai sed reygiwnsformby 2£1 DECHVBERC2005 h3 gpaguerlnidy ,serti dendustessawyf eto havi ng
fine irregularities fabricated on the surface, and, when the irregularities
are elimuppky, thee sgdrddiong ph ade lideralsejdant bppi ig ftinectp@hishbngt op
proceedi ng of the polishing automatically. . . .
surface. However, most of the solution supplied is actually
discharged as a waste solution without contributing much to
the polishing process. Polishing solutions used for high
precision polishing of semiconductor devices are expensive,
which is a factor leading to a problem of high polishing
cost. Also, because such polishing solution in a slurry
condition contains a large quantity of abrasive particles
such as silica particles, the maintenance of working
environment is apt to be difficult. That is, contamination
of solution supply system and drainage system by the slurry
is serious, and the waste solution must also be treated
extensively before discarding. Also, after a CMP process,
the wafers are washed to remove the polishing solution, but

the waste water from this operation also must be treated in

a similar manner and poses an environmental problem.

Disclosure of Invention

To solve the above described problems, it is therefore
an object of the present invention to provide an abrading
plate and a method using the abréding plate for

preferentially removing only the raised regions in a



Anot her object of the present invention is to provide a polishing nethod
and an apparatus .using the abrading plate, which easily enables to polish
additionally to renove a certain filmthickness uniformy abi eECRMBER 2005
difference is elimnated by polishing. To achieve the object of the present
invention, there is provided an abrading plate which conprises abrasive
particles having a chemcal purity of ngt less than 90 % (preferably higher
than 94 % and a particle size of not nore than 2 /.cm (preferably |ess
than 0.5 ,a n); a binder material; and a given volune of porosity, wherein

a ratio Glar i, AT AR A kS A NPT AT sl ki heT e X

is not less than 0.5 by volune (th I nder material per 1

abrasi ve fantiicels i 6n Nehe! 883 rhBAN QrRt UNitdn +RBD:iPLRBANLIQRS A Ak asive
particles, a binder material and porosity are, respectively, not |ess than

10 % note1npfi®atdhgn €Re %BBleQﬁ%l%t@’ HA Uémsef@ﬁ@*’cgbﬂﬂnbo fiergsent
i nvention, the abrading plate thus produced has an optim zéd conposition of

particl eso stHIr AAKLPHPS £ Ye Y YOl USRin§Oatibohat 2bgedyregi ons of the
polishing surface is preferentially renoved fromthe object surface and

depressed regi ahotHa N$Hjscepoyedrhiherefsem. imféetidheisaksed iRdiqns are
flattened and the surface has becone |evel, continued polishing wll not

proceed ta0 pehlangeinl MdHIBERMR0DS appifetls| asihjcknesabehding puatage
structure. Stopping or renoval rate reduction is achieved automatically,

and is tdriotd esasellf- sénpplaeg cepalpdliilsyh bHdihdoahnasi veo peemdedes are in
excess or the binder material is
certain film thickness uniformly after height difference is
eliminated by polishing.

To achieve the object of the present invention, there
is provided an abrading plate which comprises abraéive
particles having a chemical purity of not less than 90 %
(preferably higher than 94 %) and a particle size of not
more than 2 um (preferably less than 0.5 4um); a binder
material; and a given volume of porosity, wherein a ratio of
the abrasive particles and the binder material is 1:x, where
X 1is not less than 0.5 by volume (the binder material per 1
unit of the abrasive particles is not less than 0.5 unit),
and proportions of abrasive particles, a binder material and
porosity are, respectively, not less than 10 %, not more
than 60 % and 10~40 % by volume.

According to the present invention, the abrading plate
thus produced has an optimized composition of particles,
binder and porosity by volume, so that raised regions of the
polishing surface is preferentially removed from the object
surface and depressed regions are not removed. Therefore,

after the raised regions are flattened and the surface has

become level, continued polishing will not proceed to change



insufficient, abrasive particles are easily self-generated (released), so
t hat abradi ng continues even after a level surface has been produced, and
the sel f-stopping function cannot operate. |If the anount of 2EDEGEMRER 2005
particles is insufficient or, binder material i's in excess, abrasive
particles are difficult to be self-generated (rel eased) and polishing rate
is reduced so that polishing capacity i-$- decreased. Simlar tendency is
applied to porosity, and it is preferred to have 10-40 % by vol une or .nore
preferably 15-30 % by volune to give the self-stopping capability to the

abr adi ng gt g1 14N tofikameryy dss &A@ NGPE oS oskkMcrBkes theoahiadi ngr pl ate
too soft and pronotes generation of released particles while too'little

porosity rakesm 1t heatabr pdingt pbat eid oachakdedo dicemutagalsel,f - ggaeriad i on of
freed particles (released). Because the particles are less 'than 2 /Lmin

size, chang@sedl sCrakairadipa mpf esapdeilieguced, but thei s gurfsnable to
use particles size of less than 0.5 ,um 1In general, polishing rate is

i ncreasepdnt iEMdNg arel arige ngrbessof orel eased aimakive pateirches ik the
sliding interface. Wien there are | esser nunber of freed abrasive ‘
parti cl esinguof f ishierg: y abbrias iveduyssek i @lhek watrer gaorkgsiskd f-af@ddtatedanel y
t hroughput is reduced. Accordingly, when the surface of the sem conductor
devi ce pattedrareskdipf eso2t HECEMBERI20§5 cohthawiay) eaesedch ek daprlessed
regions is polished by the abrading plate, a high surface pressure is
appl i ed tsmtfleece r hesedaayi pmodficede waicr thye tdel fbs vdppgngurfuase igfn t he
abrading plate, thus the raised portion bite and shave the
cannot operate. If the amount of abrasive particles 1is
insufficient or, binder material is in excess, abrasive
particles are difficult to be self-generated (released) and
polishing rate is reduced so that polishing capacity 1is
decreased. Similar tendency is applied to porosity, and it
is preferred to have 10~40 % by volume or more preferably
15~-30 % by volume to give the self-stopping capability to
the abrading plate. In other words, too much porosity makes
the abrading plate too soft and promotes generation of
released particles while too 1little porosity makes the
abrading plate too hard to discourage self-generation of
freed particles (released). Because the particles are less
than 2 4 m in size, chances of scratching the wafer are
reduced, but it is preferable to use particles size of less
than 0.5 4m.

In general, polishing rate is increased by' having a
large number of released abrasive particles in the sliding
interface. When there are lesser number of freed abrasive
particles, polishing rate is reduced, and wafer processing

ébility, namely throughput is reduced. Accordingly, when

the surface of the semiconductor device patterned wafer



abradi ng surface of the abrading plate to rel ease the abrasive particles
through initial stage to final stage of the polishing. A large nunber of
abrasive particles are released and produced during the pol2ldECEMBERRIOS
thus polishing proceeds at relatively large polishing rate by released
abrasive particles. Therefore, in the final stage of polishing when the
surface has becone level, the wafer has7tittle raised regions.left on the
wafer to bite into the abrading plate so that |esser nunber of rel eased
particles are produced fromthe abrading plate. In the polishing, sliding
i nterfacenabiihlgs irhsslkdcabhan depstapedly,réditons esiglugloridesgsedabrasi ve
particles are lost fromthe sliding interface. Thus, the anount of the
rel eased apbaasinge phatéc| @s Hiagmi Bupgacs thesdurd ngsi pipplfiaee tbeaores
extrenely small, and polishing action stops eventually thereby to provide a
sel f - st opphigelduncdéd Dom o€cuwha n@afisr abgxtutenealdead ¢age safr flaale SbENg hreat e.
In the abrading plate, proportions of abrasive particles, a binder nmaterial
and porosabyasihioy dobetd - 68uso ther efeirsshl yp@0t 56On ¥p it@0-601 % hpwef ehabl vy
35-55 %9, and 10-40 % (preferably 15-30 %9 by vol une, respectively, to
achi eve aabehB-istgoppiurg acapalifl i theas abesdingedpabbee. tbt irelpresfer allee t hat
an abrading plate is conprised by abrasive particles having a chem cal
purity of ahotslizes partDEROBMBERN20080- & ntitdR 19 %8 4pr eberfabial héyhge tifan 94
%, and it is preferable that the abrading plate be conprised by such
particl esthg wobeshimgeri abh drdrgsorosnbyr Adcorlragiye thrrtidleti agepl ate
made by such abrasive particles that can be o

released and produced during the polishing stage, thus

polishing proceeds at relatively large polishing rate by
released abrasive particles{ Therefore, in the final stage
of polishing when the surface has become level, the wafer
has little raised regions. left on the wafer to bite into the
abrading plate so that lesser number of released particles
are produced from the abrading plate. In the poiiShing,
sliding interface shifts its location constantly, the
residual released abrasive particles are lost from. the
sliding interface. Thus, the amount of the released
abrasive particles remaining on the sliding interface
becomes extremely small, and polishing action stops
eventually thereby to provide a self-stopping function
occurring as a extreme decrease of polishing rate.

In the abrading plate, proportions of abrasive
particles, a binder material and porosity should be 10~60 %
(preferably 20~50 %), 30-60 % (preferably 35-55 %), and
10~40 % (preferably 15~-30 %) by volume, respectively, to
achieve a self-stopping capability as described above.

It is preferable that an abrading plate is comprised

by abrasive particles having a chemical purity of not less



obtained easily will present little danger of contam nating device wafers
(patterned wafers). A nethod is presented for polishing a sem conductor
device wafer, having fine surface structure fabricated on a2l1REGCEVIBER 2005
surface, using an abrading plate. The nmethod includes the conditioning
steps of: dressing an abrading surface of the abrading plate so as to
produce a roughened structure on the a8ading surface; renoving rel eased
particles attaching to said roughened structure; and polishing the
polishing surface with a conditioned abrading plate having a stabilized

p0|i5hingthﬁhe_@@Pe%atQ%r@fe&%%lyfoﬁﬁgﬂkﬂﬂ Hiens. #Aecofdingahg the mekhod,
the <characteristic feature of the self-stopping function of the present

abradi ng plkatrerednebechst! v f adilavaniy0 peatbi Ih&edongy idd slHyngstba
sem conduct or device wafer. Al so, the present nethod of polishing of

sem condughekicdey,ce wahelerhawitrg ifdinersd rgotdy sy f abiteat@dngyt hehe _
surface includes a feature that an abradi ng surface of an abrading plate is

dressed tabpaaduge gliadeO-madghbgusiiade, abeduh vel gaﬁeﬂcabsa_&jm pedf i Bees
attached to the abrading surface are renoved before pressing onto a surface

of an obpeehihedbeazalliyshed,l sprédentt hetabeadiangesurdiceohaamineachegd a

stabilized condition to polish a blanket wafer (a wafer covered by an

overal | fdkrjicaet wafeukfi cpentéynbdwateDECEMBER 2005 -9 polishing rate. This

procedure is effective in generating the self-stopping capability. Al so,

t he present netRAodnexfhqbl ishipmpsdEntssin fomduystbishieyi @e swhecohducngrfi ne

structures fabricated on the
device wafer, having fine surface structure fabricated on a
polishing sui‘face, using an abrading plate. The method
includes the conditioning steps of: dressing an abrading
surface of the abrading plate so as to produce a roughened
structure on the abrading surface; removing released
particles attaching to said roughened ' structure; and
polishing the polishing surface with a conditioned abrading
plate having a stabilized polishing rate generated by the
foregoing steps. According to the method, the
characteristic .feature of the self-stopping function of the
p.resent abrading plate can be fully effective to be utilized
in polishing the semiconductor device wafer.

Also, the present method of polishing of semiconductor
device wafer having fine structures fabricated on the
surface includes a feature that an abrading surface of an
abrading plate is dressed to produce micro-rough surface,
and released abrasive particles attached to the abrading
surface are removed before pressing onto a surface of an
object to be polished, so that the abrading surface has

reached a stabilized condition to polish a blanket wafer (a

wafer covered by an overall film) at a sufficiently low



surface includes a feature that the additional surface renoval is perforned
with an abrading plate using a liquid not containing any abrasive par
for a specific duration, foll owed by additional polishing 23DECEMBER2095
contai ning abrasive particles to the surface to be polished. A specif
duration is a duration sufficient for the surface to be leveled by re
the high and | ow spots. According to-fhis nethod, it enables to use t
sanme abrading plate to obtain additional surface renoval by using a s
containing a |arge amount of rel eased abrasive particles. Because thi
pol i shi ngoils stamg ech©4l USIHIG apsbdedire COBt ai fidugt ivd af ge qaimeuttt iofy

abrasive particles, surface renoval can be achieved in a relatively s
tine to eblkaisk] fa igiaty fad ﬁtugkﬁess Al so, the present nethod of

pol i shing of sem conduct or V|ce waf er having fine structures fabric
sur f acalisngl wdes grdaaitireethed ¢hepaddshingabfseeideenduenoval is
performed using an abrading plate and a liquid not containing any abr
particl eslefrdcea syefad | chawdinat | pinef obt ouetubys adfiabrdnakepol oahi ngreusi ng
rel eased abrasive particles being produced from concurrent dressing
abr adi ng spirdaee Thine lnetdsod aendldlagirteo thett héheanmeddabiiadialg phatfacgo t hat
the rel eased abrasive particles, being produced by carrying out dress

on the

concur r emenpwailt i 2 IpOECENMBER 2005 -4 aheapohgsbilagebysainadand ipldde,

used to obtain quick renmoval of the surface material, thereby raising
pol i shi ngottat ecoMiweieing e, any i abyas ivecepsartialeshavior addi t spegliffiaci lity
such as the polishing solution supply

duration, followed by additional polishing using a slurry
containing abrasive particles to the surface to be polished.
A specific duration is a duration sufficient for the surface
to be leveled by removing the high and low spots. According
to this method, it enables to use the same abrading plate to
obtain additional surface removal by wusing a slurry
containing a large amount of released abrasive particles.
Because this polishing is carried out wusing a slurry
containing a large amount of abrasive particles, surface
removal can be achieved in a relatively short time to obtain
a desired film thickness.

Also, the present method of polishing of semiconductor
device wafer having fine structures fabricated on the
surface includes a feature that the additional surface
removal is performed using an abrading plate and a liquid
not containing any abrasive particles for a specific
duration, followed by additional polishing using released
abrasive particles being produced from concurrent dressing

of the abrading plate. This method enables to use the same

abrading plate so that the released abrasive particles,

-being produced by carrying out dressing concurrently with
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device so that a regular facility based on the abrading plate can be used
to perform additional surface renoval. Also, the present nethod of polishing
of sem conductor device wafer having fine structures fabricat PECEMBER 2005
surface includes a feature that additional renmoval is performed using an
abrading plate and a liquid not containing any abrasive particles for a
specific duration, followed by additional polishing using a polishing cloth
and a slurry containing abrasive partilél-es. This nethod enables to use the
existing facility to carry out additional surface renoval based on
conventional slurry and polishing cloth. Brief Description of Draw ngs
Fi gure 1 i apsthemahgc wyf oabradihgondlats evapé aiserbnyenbib@adhn pptichi ng
apparatus. Figure 2 is a graph of polishing characteristics of the
appar at uxextworall | noFi guhe 1.surifiues wFeSfial ¢ | kheskbgt | aasisdfng hectsar f ace
steps produced by the apparatus having the polishing characteristics shown
in Figuredidhing esatk. 4B Biersthesnt iic diagreot ofeddssaagysendi dlavepart s
of an enbodi nent of the turntable type polishing apparatus of present
i nvent i orddaindi simws facplldareyvi ewchn aski gue e pdA isidirey csodstseat isoarglwi ew in
Figure 4B. 21 DECEMBER 2005 -11 Figure 5 is a cross sectional view of a
scrol | tyjsrigsl sshitigatppar ategsilefr pfesehitynveagedn.onFi gheesalbrgditsy ar e
schematic diagrans of the essential parts of an enbodi nent of the scrol
type pol isldte capps atsed showper ioFingadéislonadpeutrifasley removali.gur e 6A
Also, the present method of polishing of semiconductor
device wafer having fine structures fabricated on the
surface includes a feature that additional removal is
performed wusing an abrading plate and a liquid not
containing any abrasive particles for a specific duration,
followed by additional polishing using a polishing cloth and
a slurry containing abrasive particles. This method enables
to use the existing facility to carry out additional surface

removal based on conventional slurry and polishing cloth.

Brief Description of Drawings

Figure 1 1is a schematic croés sectional view of a
conventional polishing apparatus.

Figure 2 is a graph of polishing characteristics of"
the apparatus shown in Figure 1.

Figures 3A-3C are 1illustrations of the surface steps
produced by the apparatus having the polishing
characteristics shown in Figure 2.

Figures 4A, 4B are schematic diagrams of the essential
parts of an embodiment of the turntable type polishing
apparétus of present invention, and shows a plan view in

Figure 4A and a cross sectional view in Figure 4B.



shows a plan view of a scroll mechani smand 6B shows a cross sectional view

along a plane A-Ain Figure 6A. Figure 7Ais a schematic illustration of
abrading plate, abrasive particles and polishing surface, 20®HGEMBER 2605 i S
an illustration of the relationship of the polishing pad, abrasive

particles and a polishing surface of a substrate. Figures 8A, 8B are
illustrations to show the effects of particle size on the stress
distribution, and Figure 8A shows a cagp_of large sized particles and
Figure 8B shows a case of snall sized particles. Figure 9 is a tri-axial
graph of abrading plate paraneters |nvoIV|ng abrasive particles, binder and
porosity (voI ratlg to indicate a regi on. B of pa neters fqp tlnum

perfornance for %%W?e n@ Cﬁﬂiﬁ%ﬁ%ﬁf n%lgyéﬁw t% sﬁoﬁcfﬁ@' OTY %lng
h I l.f bi |
character] c%} 2??? ?9 gﬁggggeR%V|Bgeﬁ%lonstopplng capabi ity.

glgures ﬁf L A progressive ‘changes of |rregularities
pi;'t EQFESWHSi N R AEEeE 487 58 heReeRRRRG08” A% é}{fire'fi 8 E8E 0% how
capapi 11 AL uPEs S ERERn PRI FhR ?‘c%ﬁo R it
Obeal ed dhpdee @b At PLA! & AR ) FLoMpEcttvery] glérr?d 1fulg%r% gggph to

show chang e polishi
shows a plan view of a scroll mechanism and 6B shows a cross

sectional view along a plane A-A in Figure 6A.

Figure 7A 1is a schematic illustration of abrading
plate, abrasive particles and polishing surface, and Figure
7B is an illustration of the relationship of the polishing
pad, abrasive particles and a polishing surface bf a
substrate.

Figures 8A, 8B are illustrations to show the effects
of particle size on the stress distribution, and Figure 8A
shows a case of large sized particles and Figure 8B shows a

case of small sized particles.

Figure 9 1is a tri-axial graph of abrading plate
parameters involving abrasive particles, binder and porosity
(volume ratio) to indicate a region B of parameters for
optimum performance for self-stopping.

Figure 10 is a graph to show the polishing
characteristics of an abrading plate having self-stopping
capability.

Figures 11A~11C are 1illustrations of progressive
changes of irregularitieé during polishing according to the
polishing characteristics of abrading plate shown in Figure

10.



rate of the abrading plate after dressing (roughening) of the abrading

pl ate surface. Figures 15A, 15B are schematic illustrations of the dressed
abradi ng surface, and Figure 15A shows a case of a | arge nupmbPECEMBESSRGbsal
particles, and Figure 15B shows a case of a negligible nunber of residual
particles. Figures 16A-16C are conparisons of various abrading plates:
Figure 16Ais wth self-stopping; Figures 169, 16C are wthout

sel f-stoppi ng. The graphs on the left cdfom show transitions in polishing
rate, with polishing tine on x-axis and polishing rate on y-axes; the
graphs in the mddle showtransitions in filmthickness, with polishing
time on x-axis andgdrém tU ckhess an graphs; tamd tdiowraphe opolhehinght
col um show conparison of initial (Dl) and |ast (D2) stages of polishing of
a bl anket sldeactd®tisthdsacfdeni ebradfieg. pliagr éaving YD sekf+$tappiagi ons
of the steps for renoving residual particles: Figure 17A shows a brush

met hod; Figapabi¥Btghows a roll brush nethod; Figure 17C shows a water jet
met hod; and Figure 17D shows an ultrasonic nethod. 21 DECEMBER 2005 -13
Figures 18A, 18E kgeres aghdsli® iarestikiestret heRfodtoof shevi siuhfasa t he

first enbodi ment of present invention. Figure 19 is an illustration of the
changes i re¥eYatiens cRhBasngdr PrigthReabPrprdingt R4 tSolShshigt il dWee sktond
stage polishing. Figures 20A, 20B are illustrations of a method of

control ling the F1I®ehttkhes®, HhAPIFitfurehovACBABESS iife the polishing

rate of the abrading plate after dressing (roughening) of
the abrading plate surface.

Figures 15A, 15B are schematic illustrations of the
dressed abrading surface, and Figure 15A shows a case of a
large number of residual particles, and Figure 15B shows a
case of a negligible number of residual particles.

Figures 16A~16C are comparisons of various abrading
plates: Figure 16A is with self-stopping; Figures 16B, 16C
are without self-stopping. The graphs on the left column
show transitions in polishing rate, with polishing time on
x-axis and polishing rate on y-axes; the graphs in the
middle show transitions in film thickness, with polishing
time on x-axis and film thickness on y-axis; and the graphs
on the right column show comparison of initial (D1l) and last
(D2) stages of polishing of a blanket wafer (BL) and a
device wafer.

| Figures 17A~17D are illustrations of the steps for
removing residual particles: Figure 17A shows a brush
method; Figure 17B shows a roll brush method; Figure 17C

shows a water jet method; and Figure 17D shows an ultrasonic

method.



based control and Figure 20B shows thickness based control. Figure 21 is a
schematic diagramof a switching nechanismfor changing froma liquid W
containing no abrasive particles to a slurry Q contai ni ng 2bMRCEMBER 2005
particles. Figure 22 is a flowhart of the sw tching process for changing
froma liquid Wto a slurry Q ~ Figure 23 illustrates a met hod of
polishing in a second enbodi nent. Figure 24 is a schematic di agram of a
swi tching mechanismfor dressing opera bqns. Figure 25 is a flowhart of
the switching process for the dressing Operations. Figures 26A, 26B are
illustrations of a nethod of polishing in a third enbodinment. Figure 27 is

I i f . I f | i,shi i ble f h
o pan view of ap, sxapl eog! 1B ,00! LSRG ROy S A ISD G Loty
f th | i shj . i le § h t hod t.ed b . 21
of L poLLEhLg: aRRALaLus, Rl KIRLE LabeltRelE! DOdp pLsen st o 0N 2L
of the apparat usp shown iy Fi%ﬁéﬁpé%{%@t%teio%o bf ‘SLPhXﬁ 5 0f; f he; pyerall

structure of an ‘exanpl e "of _ I'ng apparatus applicablre to present
Rttt Tt Gt e S TR S
stage polishing.

Figures 20A, 20B are 1illustrations of a method of
controlling the film thickness, and Figure 20A shows time
based control and Figure 20B shows thickness based control.

Figure 21 1is a schematic diagram of a switching
mechanism for changing from a 1liquid W containing no
abrasive particles to a slurry Q containing abrasive
particles.

Figure 22 is a flowchart of the switching process for
changing from a liquid W to a slurry Q.

Figure 23 illustrates a method of polishing in a
second embodiment.

Figure 24 1is a schematic diagram of a switching
mechanism for dressing operations.

Figure 25 is a flowchart of the switching process for
the dressing operations.

Figures 26A, 26B are 1illustrations of a method of
polishing in a third embodiment.

Figure 27 1is a plan view of an example of the
polishing apparatus suitable for the methods presented above.

Figure 28 is a perspective view of another example of

the polishing apparatus suitable for the methods presented

above.



Figure 4 shows an exanple of the polishing apparatus of the present

i nvention. The apparatus conprises: a turntable 5 having an abrading plate
15 of about 60 cm diameter in stead of a polishing cloth t2MERCEMBER®RIDS €
10 for supplying water or an active solution Ww thout abrasive particles
during polishing. Oher conponents such as top ring 1 for holding a wafer 4
are the sane as those in the conventiongalL apparatus shown in Figure 1. The
reason for supplying a polishing solution Wsuch as water or an active
solution is to provide lubrication at the sliding interface, to pronote

chem cal reactiopsgatet P® sisdiang diigFrdasepland vidy r erovg dheassgenesat ed
by polishing for cooling. Water or active solution Wincludes acid

sol utions phiBspbrdews bepazBeus bhoankahi Pequ@leutzigons with pH up to about
12, buffer solutions, surface activators, oxidizing solutions, reducing

sol ution, ultrappiguypatan, andaepeahr @ik ©f othé&edveahan sneiddierd ike. As
an exanple, the flowrate of water may be 200 mM/mn. Water nay be

ul tra-pureanabeamplead i xeXcholieshinpuappheatubhbepldcadlan o] peésofit
polishing is pressed 21 DECEMBER 2005 -15 agai nst the abradi ng surface of

t he abradi bgvphatienl5 through an elastic mat 2 placed in the top ring 1,
and rotated by the drive shaft 8. The turntable 5 with nounted abrading
plate 15 is also rotated i ndependently, and the abrading surface of the
abrading plate 15 forns a sliding interface with the surface of the wafer 4
on whi ch pBesthiade Fori 6arrikeg pPuicshietwgenttilom sl i ding and pressing
surfaces. The polishing apparatus shown in Figure 4 has an abrading plate

i nstead of a pol IBhi f§ecl Lpseng m tpieeferred  embodiments will  be

presented with reference to the drawings.

Figﬁre 4 shows an example of the polishing apparatus
of the present invention. The apparatus comprises: a
turntable 5 having an abrading plate 15 of about 60 cm
diameter in stead of a polishing cloth thereon; a nozzle 10
for supplying water or an active solution W without abrasive
particles during polishing. Other components such as top
ring 1 for holding a wafer 4 are the same as those in the
conventional apparatus shown in Figure 1. The reason for
supplying a polishing solution W such as water or an active
solution is to provide lubrication at the sliding interface,
to promote chemical reactions at the sliding interface, and
to remove heat generated by polishing for cooling. Water or
active solution W includes acid solutions with pH down to
about 1, alkaline solutions with pH up to about'12, buffer
solutions, surface activators, oxidizing solutions, reducing
solution, ultrapure water, and electrolytic ionized water
and the like. As an example, the flow rate of water may be
200 ml/min. Water may be ultra-pure water so as to exclude

impurities. Wafer 4 as an object of polishing is pressed



conventional apparatus. But polishing apparatus for polishing the object
using the abrading plate to obtain a flat and mrror finish, can al so be
used, and such types include a scroll type or cup type ot hexl DEGRMBEBR1Z0@B! €
type. The scroll type polishing is based on holding the wafer in a

waf er - hol di ng devi ce and an abradi ng pl.ate bonded to a base disk, and the
two parts are slid in a circular and “Bransl ational notion relative to each
other. The cup type polishing is based on a cup-shaped plate or a
ring-shaped plate held in a plate-holding device and the wafer is firmy
att achedR9dinfe bate dladimg pHitcehg Shr e cbrading) detate pkessed
agai nst the abrading surface of the plate and scrolled to produce a

pol i shi MNERYIdN AN nedAgEect yis 2of PEPPRE atidse§hgl sBOPi tring pdssiN@ to use
a sel f-stoppin function to stop polishing automatically when the

i rregul aI?CP‘H‘é%F?a}PIé EhenfRdved shafdurfes STRAJECANTBBLE Pudtitdt aneiriedul ar
and translatjonal notion nechanismof a scroll type olishing appar at us.
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abrading plate instead of a polishing cloth used in the
conventional apparatus. But polishing apparatus for
polishing the object using the abrading plate to obtain a
flat and mirror finish, can also be used, and such types
include a scroll type or cup type other than turntable type.

The scroll type polishing is bésed on holding the
wafer in a wafer-holding device and an abrading plate bonded
to a base disk, and the two parts are slid in a circular and
translational motion relative to each other. The cup type
polishing is based on a cup-shaped plate or a ring-shaped
plate held in a plate-holding device and the wafer is firmly
attached to the base disc. The polishing surface of an
object is pressed against the abrading surface of the plate
and scrolled to produce a polishing action. In these types
of apparatuses also, it 1is possible to use a self-stopping
function to stop polishing automatically when  the
irregularities are eliminated.

Figures 5 and 6A, 6B 1illustrate a circular and

translational motion mechanism of a scroll type polishing

apparatus. Circular (or circulative) and translational



circular and translational notion, and a top ring 32 for holding a wafer 4
with its polishing surface facing downward to press the polishing surface

t her eof against the abrading surface of the plate. The tranylptd¢EMBER 2005e
31 is supported at three or nore peripheral locations by a support plate
35, extending inside in a ring-shape, provided with a support section 36

at the top of a casing 34 housing a tor 33 inside to support a fixed disk
37. The top surface of the support section 36 and the bottom surface of the
fixed disk 37 are provided with correspondi ng depressions 38, 39 spaced
apart evenl {\)/Hl n the circunferential direction, housing respective bearings

40, 41. Bahf gshesis 4%hafe %né&l—”éé%? aP“]r}anéeflPﬁﬁ lﬂﬁl%i‘) e
shafts 42, 43 are eparated by a "q(li‘lgzt "e", as shaoqwn in ure. 6, and
whose enfst é?@ rTEeF R Phe ?V’BOKEQ?Pﬁg§’lt‘Fﬁéltf|§< G 37

t hus und circul ar d translational, notion al on circl radi us
e PSRRI OﬁliePfﬂ%t?"?Qed FnpSiond fslel by a%?‘§+“%3 whose

shaf t 45 r|v a. cavi

Chr ough RUBEE: TREUA7EOTRE SHiYet LAdBY 16 TR oafe & 'e”t%%*f%?fa%c .
The not o, Bgoigsﬁgﬁsgg %hez{e@aorémt f?ngggglé?e' Qgg%%gfﬁll%en bga% %Ithe

shaft 45 fs pport arnd b eari ngs ded
W Do o Ry, SOSN8, s i gk o o
"e", andpoingludes Lug hopdeds gl sKe fBMRERS 2Pso Sbe %é WandhSker and
compact so as to save the floor space. The apparatus 1is
comprised of a translational. table section 31 to provide
circular and translational motion, and a top ring 32 for
holding a wafer 4 with its polishing surface facing downward
to press the polishing surface thereof against the abrading
surface of the plate.
The translational table 31 is supported at three or
more peripheral locations by a support plate 35, extending
inside in a ring-shape, provided with a support section 36
at the top of a casing 34 housing a motor 33 inside to
support a fixed disk 37. The top surface of the support
section 36 and the bottom surface of the fixed disk 37 are
provided with corresponding depressions 38, 39 spaced apart
evenly in the circumferential direction, housing respective
bearings 40, 41. Bearings 40, 41 are connected by a
connecting member 44 whose shafts 42, 43 are separated by a

”

distance “e”, as shown in Figure 6, and whose ends are
inserted into the respective bearings. The fixed disk 37
thus undergoes a circular and translational motion along a

&K "

circle of radius “e”.



menbers forma space 55 between the disks for flowing water or solution to
be supplied to the polishing interface. The space 55 comrunicates with the
sol ution supply hole 56 forned on the side surface and com?lPESEMBER|2805
with a plurality of liquid outlets 57. The fixed disk 37 has an abrading
pl ate 59 bonded to its top surface. Liquid outlets 57 forned on the
abrading plate 59 correspond to the discharge holes 58 forned on the fixed
di sk 37. These discharge holes 57, 58_gre nornmally distributed evenly
across the fixed disk 37 and abrading plate 59. The top ring 32 serves as a
pressing tool for the wafer 4, and is attached to the shaft 60 so as to

permt tilting Méhf&%‘aecéléﬁ he poli '%'a%ds% aft‘:%eofmé%r"\@faerwﬂosemp
ring 32 is operated by an air cylinder (not shown and 1s rotated by the

drive mot (fhyf@ LHhenghaldn 69rcdbe wRhieE f)ln' %@twﬁﬁhﬁdﬁso ihehase hol gi ng
section 61 of the top ring 32 with the €lastic mat 62 interveni ng between

the two 21 FGEMBER 203 udid sublaseng The. cagihrg Sdrdas amsahtt ion £gsovery
trough 63 attached to its outer surface at the top. The process of

pol i shi ng gismérgakhecpo! bslicamcenite”wi | | Thbe mygd@i ped kel pYusdhe it eRe33 is
rotated to operate the fixed disk 37, and the wafer 4 attached to the top

ring 32 imotyessedhribed hedabimdiung soabang of4 f hanabr adengstd £t e 459 idonded
to the fixed disk 37. Polishing liquid is supplied to the polishing

i nterface dupmagted hiey| tgpi dnduppltyohobearGngsspdce H5, aant dischaogedadl es
57, 58, and is delivered to the polishing interface through the grooves
fabri cat edviorh thelascefack2ef &Bbatibngoph&es Halance the offset.

The fixed disk 37 has a radius which 1is slightly
larger than the wafer 4 by the offset amount “e”, and
includes two bonded disk members 53, 54. The two disk
members form a space 55 between the disks for flowing water
or solution to be supplied to the polishing interface. The
space 55 communicates with the solution supply hole 56
formed on the side surface and communicates also with a
plurality of liquid outlets 57. The fixed disk 37 has an
abrading plate 59 bonded to its top surfaée. Liquid outlets
57 formed on thé abrading plate 59 correspond to the |
discharge holes 58 formed on the fixed disk 37. These
discharge holes 57, 58 are normally distributed evenly
across the fixed disk 37 and abrading plate 59.

The top ring 32 serves as a pressing tool for the
wafer 4, and is attached to the shaft 60 so as to permit
tilting with respect to the polishing surface of the wafer 4.
Top ring 32 is operated by an air cylinder (not shown), and
is rotated by the drive motor via the shaft 60. The wafer 4

is attached to the base holding section 61 of the top ring

32 with the elastic mat 62 intervening between the two



Here, a circular and translational notion of a radius "e" is generated

bet ween the surfaces of the abrading plate 59 and the wafer 4 so as to
produce uni form polishing on the entire surface of the waf &l DECEMBERi2605
case, when the positions of the object and abrading surface are fixed,

| ocal differences in the nature of the abrading surface will affect the
pol i shed surface, and to avoid such an efgect, the top ring 32 is slowy
rotated by itself so that polishing is not performed in the same spot. The
abrading plate used in the apparatus has a self- stopping capability, which

stops pol ighifng aut onshicaldy nghep HAg i rs%qq}@rdr{ifé %Sr?! iﬁ%%ghe%irom

the polishing surfacé. Abrasive particles may be an ultra- e powder of

ceriunlomd¥%%§¥gg)toafgst Ol nder i Se 8 POLYIRELG resin _such as polyim de

or phenolic. Abrasive particles may include Si02,~A1203, Zr02, M2 and
M2031 in additige to-dalls & nolsT SsByg i nsiHder Ak 123 hPRGEMBER 2005 - 19

pol yneric resins such as urethanhe, epoxy, polyvinyl alcohol “ resins, In

addi tion t potyi 41 gled 0be PHRNO! THESidTorClyd Cos &t SELET Ebnede tlha at ure
of the filns formed on the sem conductor wafer, and conpatibility of the

abrasive maidd cheskwath tbhd hinderaffbr adangaphatie diastige veby hiighy her dness
(extrenmely high elastic coefficient), and therefore, the size of the

abrasi ve paytprdesedi tecthy abiradisgt kairddento OHfthdeabsudiage pdatrge 9
conpared with normal CMP using a polishing- pad. For exanple, as shown in
Fi gure 7B, baraternl tpokhehifigredpatli 20 B3 . soffo ldaiparedl ivit hd adsalsuading gl at e
21 so tha%;ithe polishing interface through the liquid supply hole 56,

space 55 and discharge holes 57, 58, and is delivered to the

polishing interface through the grooves fabricated on the

surface of abrading plate 59.

Here, a circular and translational motion of a radius

“e” is generated between the surfaces of the abrading plate
59 and the wafer 4 so as to produce uniform polishing on the
entire surface of the wafer 4. In this case, when the
positions of the object and abrading surface are fixed,
local differences in the nature of the abrading surface will
affect the polished surface, and to avoid such an effect,
the top ring 32 is slowly rotated by itself so that
polishing is not performed in the same spot.

The abrading plate used in the apparatus has a self-
stopping capability, which stops polishing automatically
when the irregularities are eliminated from the polishing
surface. Abrasive particles may be an ultra-fine powder of
cerium oxide (CeO,), and the binder is a polymeric resin
such as polyimide or phenolic.

Abrasive particles may include SiO,, Al,0;, 2Zr0,, MnoO,

and Mn,0,, in addition to CeO,. Binders may include other



vertical load will force the abrasive particles 22 into the wafer 23 while
the pad 20 itself touches the wafer 23. In other words, the pressing force
is distributed over the pad so that the stress do not becoRbDECEYEBER 2005
on the abrasive particles 22. In contrast, in the case of abrading plate
21, as shown in Figure 7A, the abrading plate 21 is considerably harder
than the pad 20 so that it tends not tqg._touch the wafer, and the pressing
force is alnost totally | oaded on the abrasive particles 22. I n other word,
the stress applied on each abrasive particles 22 is higher than that in

i PR AR ST BT PR R
cach abr s gy U1 Sg2eib BP s AR Codiiatol essiber cxpmle |

of P Glsesabiblivafod hyer il eRakeLeases die @ A0l forfea?loREGRIBER

2005 -20 shown in Figures 8A, and a sinple estimate Is a reduction in

stress of sLk@ My RALY abfpaive PaLd %&ﬁpggibiﬂ.t%S blerefre gdasidaple to

reduce the size of the abrasive particles. The effect of fine particle size

on reduci pgrichie 1 nfiaae Wambdehdesy more i nportant than in the case of normal
CWP. Fromsuch a viewpoint, it is desirable that the size of the abrasive

particles be | eapriadiam?. fladem gl O @erpr ef egRDINa L &SSs ¢ hare s fendly The
abrading plate is used inside the cleanroomso that it is inportant not to

i ncl ude i ndh téEsstber eorf filoiet)t,i eanfdespeaieaidne metakl isi sebsitanaes)
adversely affect
abrasive particles directly affects the extent of the
surface damage compared with normal CMP using a polishing-
pad. For example, as shown in Figure 7B, normal polishing-
pad 20 is soft compared with an abrading plate 21 so that a
vertical load will force the abrasive particles 22 into the
wafer 23 while the pad 20 itself touches the wafer 23. 1In
other words, the pressing force is distributed over the pad
so that the stress do not become concentrated on the
abrasive particles 22. 1In contrast, in the case of abrading
plate 21, as shown in Figure 7A, the abrading plate 21 is
considerably harder than the pad 20 so that it tends not to
touch the wafer, and the pressing force 1is almost totally
loaded on the abrasive particles 22. In other word, the
stress applied on each abrasive particles 22 is higher than
that in the CMP process, and naturally the surface damage
can be more severe.
A remedial step is to increase the number of abrasive
particles 22 so that each abrasive particles 22 is applied
with reduced stress. For example, if the particle size is

reduced by 1/4 to 0.5 u#m from 2.0 s m, the number of

particles filling a given area increases by a 16 fold, as



t he performance of sem conductor devices. Metal content in polishing slurry
has particularly severe effects on the device quality, whereas netal oxides
in the abrasive particles may al so dissolve in acid or al k21liDECEMBERI2005t 0
produce ions. Metallic substances in ionic states in the slurry solution
can diffuse into insulating S 02 (oxide) surface film and reduces
insulating qualities of the film Al so,2kesidual netallic contamination on
cl eaned wafers also pose probl ens, because they can. affect the next
process and contanminate the cleanroom Therefore, it is desirable that the
metal cont&Réwni Nk her Bpidss ves AT t8E) esaddretal s oigles  ddeimabe masn a
particle constituent) be kept as | ow as possible. For exanple, in the case
of Ce@2, thedptitidy A staesal |yf | egset ban &HxHoabois iher paartd glescazes t hat
an abrading plate uses abrasive particles of higher than 90 % purity. For
slurries whtchs atkevsédréodenarableChP, redtiak tyeosp ziempdr ithesabfas iexanpl e
Fe, are contained at a | evel 21 DECEMBER 2005 -21 of 60 ppm they can renmin
even afterpawmshéhgson The efiféateofofisenpaondadeos iweaf em Avbicime Hee
content is limted to |ess than a several ppm normal washing is sufficient
to renpvesthEacendanhgat ienmotieerigfpomdarly thsimgimbthei vaseparft i mdesahavi ng
nore than 90 % purity (preferably higher than 94 9%, contam nation by

metal | ic i®Rrit Faoncsudie a avoededininddiiti disaldgs ingbhasthaparthecwbzey
adverse effect on the device performance so that the Na concentration in
the abrasi®f p&etidpedsinourdBddas bel d@SFotBpm R att FhshRg Be@GRen

the size of abrasjive particles (CEC%Q and the severity of scratches was
investigai%ﬁeferablY ess than 0.5 Um.

The abrading plate is used inside the cleanroom so
that it is important not to include impurities therein.
Impurities (especially metallic substances) adversely affect
the performance of semiconductor devices. Metal content in
polishing slurry has particularly severe effects on the
device quality, whereas metal oxides 1in the abrasive
particles may also dissolve in acid or alkaline solution to
produce ions. Metallic substances in ioﬁic states in the
slurry solution can diffuse into insulating SiO, (oxide)
surface film and reduces insulating qualities of the film.
Also, residual metallic contamination on cleaned wafers also
pose problems, because they can affect the next process and
contaminate the cleanroom. Therefore, it is desirable that
the metal contents in the abrasive particles (metals other
than the main particle constituent) be kept as low as
possible. For example, in the case of CeO,, the purity is
normally less than 50 %, but there are no cases that an-
abrading plate uses abrasive particles of higher than 90 %
purity. For slurries which are used for normal CMP, metal

group impurities, for example Fe, are contained at a level



experinmental ly. The abrading plates are fabricated by using abrasive
particles of Ce®2 having average particle sizes of 1.3 /4mand 0 . 4 m As
bi nder, polyimde binder is 'used. The abrading plates are 2l #HGEMBER 2005
dry pressure shaping nethod with heat treatnent. The results shows that the
severity of damage (nunmber of scratches) caused by 0.4 /.Lm abrasive
particles was 1/10 of that caused by :23- u m abrasive particles. Polishing
per formance was about the sane for both sizes, thus indicating that finer
abrasive particles size is preferable. It is considered that polishing is

perfornmed g igmrppn, bMeyheanctemniafl egbhasifverpaalsinGgles dn Xatk isurdtece
abrading plate against the raised regions of the wafer, as well as by the
action of dthesémeeonbtiasbye wadidr.cl esherl easedd rammtdet phkatldminddeto
sliding interface. In the polishing nethod wusing abrading plate, because

t he abradilgs gl ahan sa cevearad! i pehy harderl thashihg denveaftdoaknt to
polishing-cloth 21 DECEMBER 2005 -22 (polishing-pad), the abrading surface
of the pl atesnawé | theoucndaminadteaomai sedThegebnsepf bhe wmimy atbmasive
conparatively higher stress, thus, high surface pressure applies to the
rai sed regamsicllée hewulnigs mare hahandeétchnmgmr idfy abpasitesapayt ittl@semccur s
by the action of the raised regions of the wafer shaving the abrading
surface oftharhe Sdbr &di ngcphberindheoparhy ches aldlisasenpfiramiese eanribe of
the abrading plate will further induce polishing action on the polishing
surface. \Wwnider- i rhegiraenaldy, aVNe hapi A parédcutllae Liyuserenste ref fegfed

particles wll becone |ess, and because the sliding interface is shifting
al ong on the device performance so that the Na concentration in

the abrasive particles should be kept below 100 ppm.

Relationship between the size of abrasive particles
(Ce0,) and the severity of scratches was 1investigated
experimentally. The abrading plates are fabricated by using
abrasive particles of Ce0O, having average particle sizes of
1.3 4m and 0.4 «m. As binder, polyimide binder is "used.
The abrading plates are fabricated by dry pressure shaping
method with heat treatment. The reéults shows that the
severity of damage (number of scratches) caused by 0.4 4«m
abrasive particles was 1/10 of that caused by 1.3 4« m
abrasive particles. Polishing performance was about the
same for both sizes, thus indicating that finer abrasive
particles size is preferable.

It is considered that polishing is performed primarily
by the action of abrasive particles fixed in the abrading
plaﬁe against the raised regions of the wafer, as well as by
the action of the free abrasive particles released from the
plate in the sliding interface. In the polishing method
using abrading plate, ©because the abrading plate is

comparatively harder than the conventional polishing-cloth



with the notions of the top ring and the turntable, there wll be |less

resi dual abrasive particles remaining in the sliding interface. Polishing
rate is thus reduced and sel f- stopping function of the abraliDECPMBER 1095
acted. According to the polishing nethod by abrading plate, polishing is
carried out without a slurry solution containing a |arge anmount of abrasive
particles. Therefore, expensive speciqlzgolishing solution is not needed,
and the polishing cost can be reduced, "and spent solution can be treated
wi t hout problens so that environmental problens are reduced. Al so,
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particles volune is"nore than tw ce the binder volume, fréed abrasive
particles @ apt&®lygt prReesel frhgenpimatied.esante tds &xCcepsmvehy nd&raased

freed particles in the sliding interface interfere with the
of the abrading plate will further induce polishing action
on the polishing surface. When the irregularities are
eliminated, the number of released particles will become
less, and because the sliding interface 1is shifting along
with the motions of the top ring and the turntable, there
will be less residual abrasive particles remaining in the
sliding interface. Polishing rate is thus reduced and 'self-
stopping function of the abrading plate is acted.

According to the polishing method by abrading plate,
polishing is carried out without a slurry solution
containing a large amount of abrasive particles. Therefore,
expensive special polishing solution is not needed, and the
polishing cost can be reduced, and séent solution can be
treated without problems so that environmental problems are
reduced. Also, consumable polishing cloth is not needed,
further contributing to reducing the polishing cost.

Figure 9 shows a tri-axial composition diagram in
volume percent of abrading plate, showing an optimum area of
abrasive particles, binder and porosity for producing

abrading plates having a self-stopping capability, obtained

by experiments. Filled triangles represent phenol binders,



sel f-stopping function. Al so, such an abrading plate exhibits high wear,

| acki ng i n mechani cal strength. Such an abrading plate is also difficult to
manuf act ure, because of the tendency to form cracks during 2l DEGEMBERI2§05

pl ate shapi ng operation. On the other hand, when the volune of the
abrasive particles is less than 10 % released particles are reduced thus
reduci ng the polishing rate, and | owering. throughput of manufacturing

sem conduct or devices. The vol ume of binder should be nore than half the
abrasive particles volunme and | ess than 60 % by volunme (% of the overal

volurme. WenjtRg birden vol %?rle§eln%8_sptaﬁ2@mieél frohatbs akhasi ugrpaibicl es
vol unme, particle-retaining strength in the matrix is reduced and abrasive

particles ggfareRr edadidint serécgener pigdets0m M- afiradigrpl @t es Lher eby

| osing the self-stopping function. Such an abrading plate is prone to wear
and beconegebgittle. When t he binder volunme exceeds 60 %
particle-retalning strength is 21 DECEMBER 2005 -24 increased too much, and
little freed abraspee ip@hidadl eseat@tsgesgsat echattndheheapehtdshigngpratesi s

reduced. Also, the nechanical strength of the abrading plate becones too
hi gh, andmkder €aseshé hprdpogetioaf stausi ngitdaimges apebhh® seilfhcexhobithe
sem conduct or wafer. The anobunt of porosity should preferably be 10-40 %
Wien t he pgoodi tsyelifs-dtegsp idancdfPaBil btpder Thaltunes i sabms ive gharandleauses
the particle-retention to become too strong and freed abrasive particles
are not foshedldarm® podiehthgn At & iand esluceld abedilsesss $ddrabowece othese
the self-stopping function. Wien the porosity increases beyond 40 % the
binder volume. When the abrasive particles volume is more
than twice the binder volume, freed abrasive particles are
likely to be self-generated, and the excessively increased
freed particles in the sliding interface interfere with the
self-stopping function. Also, such an abrading plate
exhibits high wear, lacking in mechanical strength. Such an
abrading plate is also difficult to manufacture, because of
the tendency to form cracks during the abrading plate
shaping operation. On the other hand, when the volume of
the abrasive particles is less than 10 %, reléased particles
are reduced thus reducing the polishing rate, and lowering
throughput of manufacturing semiconductor devices.

The volume of binder should be more than half the
abrasive particles volume and less than 60 % by volume (%)
of the overall volume. When the binder volume is less than
half of the abrasive particles volume, particle-retaining
strength in the matrix is reduced and abrasive particles are
more readily seld-generated from the abrading plate, thereby
losing the self-stopping function. Such an abrading plate

is prone to wear and becomes brittle. When the binder

volume exceeds 60 %, particle-retaining strength is



mechani cal strength of the abrading plate is reduced, and the abrading

pl ate becones brittle, and wear resistance are |owered as a whole. Too many
abrasive particles are created and self-stopping function  i2d DEGEMBRBt2005
effective. The area bounded by B represents vol une of abrasive particles
10-60 % binder 30-60 % and porosity 10-40 % It is preferable that the
conposition in volune be in ranges of aR#asive particles 20-50 % binder
35-55 % and porosity 15-30 % Figures 10 and Figures 11A, 11B, 11C show the
results of polishing a sem conductor device patterned wafer having raised
and depr essesreggednsowni machel farst oppt tife f Bnetdonb rHarsddiuec gth byi @he@ibaadi ng
plate made with the conposition represented by point Ain Figure 9. The
particl es gqefer£e€2, and tthkebipudershiasy pohyenmide medededn a Bdiscg ofhe
particles : binder : porosity at 30:45:25, respectively. As shown in these
results, rmeckanieglonsrerbihi todd Ehdhealgtad ofignpletet haco2E00o@anysghens
initially, and within 1 relative tinme 21 DECEMBER 2005 -25 unit, the hei ght
was reduceznd oihessaskan the Clngaygstfomsus iayl danagasi gt tes swrfaaened
even when polishing was continued for another 2 time units so that the-

hei ght of efhetheasspiicandudeprewsédrregi ons renmmi ned the same. Nanely, only
the raised regions are polished, and the depressed regions are not

pol i shed. Therebyhei ampyngaHf tpovds aFy shpalds preteraptyicber e byt0 %.
elimnating irregularities between raised regions and depressed regi ons of
the senic t 5he RAKSE-taf 8% . LASSertiafenlOeden RINGRY i ¥RiLNGS siohPPnued,
filmthickness is egt unchaB%ed, t he polishinq_proceﬁf t hus achi eves the
sel f- st oppthg f ARt DAUEERhCPRaPafmitElPgretention to become too strong

and freed abrasive particles are not formed, and polishing
rate is reduced as discussed above to lose the self-stopping
function. When the porosity increases beyond 40 %, the
mechanical strength of the abrading plate is reduced, and
the abrading plate becomes brittle, and wear resistance are
lowered as a whole. Too many abrasive particles are created
and self-stopping function is again not effective. The area
bounded by B represents volume of abrasive particles 10~60 %,
binder 30~60 %, and porosity 10~40 %. It is preferable that
the composition in volume be in ranges of abrasive particles
20~50 %; binder 35~55 %; and porosity 15-~30 %.

Figures 10 and Figures 11A, 11B, 11C show the results
of polishing a semiconductor device patterned wafer having
raised and depressed regions with self-stopping function
produced by an abrading plate‘ made with the composition
represented by point A in Figqgure 9. The particles were CeO,
and the binder was polyimide mixed in a ratio of particles
binder : porosity at 30:45:25, respectively. As shown in
these results, raised regions exhibited a height of more

than 20,000 angstroms initially, and within 1 relative time



removal is automatically controlled after a |l evel surface has been
attai ned. Thus, polishing tinme based control task becones easier, the

al | owabl e range of processing' (the process wi ndow), is W dansEcENMBER 10050
thickness in the depressed regions is nmaintained at the original thickness

so that design of filmthickness is facilitated. Also, if there are sone
regions that are being polished slowy, those regions which have been

al ready polished are not subjected t 0 f&3rt her polishing while waiting for
the slow regions to catch up. Wien the slow regions are polished, the
overall surface attains a single |evel and uniformflatness. Figure 11A-11C
i1l ustrateirile, chRfighelightt haprigdueed ofot hessuithade st UL BRISHYW e 11A
shows an initial stage,, Figure 11B shows m ddl e stage (tine.lat and Figure
11C shows 2Rfe §hial e ofvgsol MG 10Edne €Y RN r@gﬁéctp‘aéw. 1Ag was
illustrated, only the raised regions are polished in 21 DECEMBER 2005 -26
relative t§otingedpfeguaBoihesvdl tdmer dod tswsicc i hadmdiis hedtharfedt k& en

when polishing is continued to tine 2. Figure 12 shows the results obtained
usi ng an abRbHPRg N5l atlePreAgreat 6RI B9 poitmagried FEREr SN t hat NS not

have the se|f-stopping function with a parti.cle binder orosity ratio at
50: 15: 35, ?RLhedth elr)?.q-s?gle pRE4PBSs aFe RALSH i @nd | gg?r a‘i%%r?%seﬁl gur e

13A for initial stage time Q). Figure_13B for mddl.e stage (ti 1 and
Frgure 1HEYERNE SR otabe painiosdl T AP el E R LRASY c 490 Shkin
o020 10 P, e PRE MAENCR, v R0 AP SUDSAOLETEL Y, L a2 o
abradi ng raised regions and depressed regions of the semiconductor
devise wafer. After then, even if polishing is continued,
film thickness is kept unchanged, the polishing process thus
achieves the self-stopping function such that material
removal 1is automatically controlled after a level surface
has been attained. Thus, polishing time based control task
becomes easier, the allowable range of processing’ (the
process window), is widened. The film thickness in the
depressed regions is maintained at the original thickness so
that design of film thickness is facilitated. Also, 1if
there are some regions that are being polished slowly, those
regions which have been already polished are not subjected
to further polishing while waiting for the slow regions to
‘catch up. When the slow regions are polished, the overall
surface attains a single level and uniform flatness.
Figure 11A~11C illustrate the changes in the profile
of the surface structure. Figure 11A shows an initial stage,
Figure 11B shows middle stage (time 1), and Figure 11C shows

the final stage of polishing (time 2), respectively. As

illustrated, only the raised regions are polished in



plate shown in Figure 9. Until time 1, raised regions are preferentially
pol i shed and the depressed regions are hardly polished. Therefore, a | evel
surface can be obtained easily, but polishing continues to2iDECEMBER206H
after a level surface has been reached because of the abundance of

rel eased particles. Therefore, at tinme 2, the height of the wafer is now
reduced as a result of the continued pgl26shing. For. this reason, although
the irregularities are easily elimnated, polishing is continued so that
the all owable range of processing (the process window) is narrowed, i.e.,

pol i shi ng GOt iQ}e becREey MUShprBHACcE fd | calE1 RUIAARIAIDr §hichechdeei dde
rate of material renoval is different before and after achieving a fl at

surface, idndrarfdd il Wief BT Ddningl ishtdstihaedptepelime oFi gure 14
shows a polishing characteristics of a freshly dressed (roughened) abrading

plate on a bl anketgudle DECEVRER 2005 redures epbbavned 0@ iignemstaneddi o
fabricated on the surface. Polishing rate (in Amn) is plotted on the

vertical agXiateanthdiddsdd ngyt paenef cdries seidyahy aglj nghptatieeaf eyt diwssi ng
in hours is plotted on the horizontal axis. It can be seen that the rate of
mat eri al rreovale Ify- ftogghing driesssdi o r awighrened) hrtaici g pd atleisdown in "a"
i s high, because of the abundance of rel eased abrasive particles. Wen such
a freshl yparesided adbtadi ag HELS 135 appéspdctavalgem chnduptrogresevice
patterned wafer, raised regions of a wafer can be polished at high speed
and the i pagudhainig i es cabhlbetratedd nat edigbue pola sHfiomy asitoalwidtade
continued and lead to a result simlar to the results shown in Figure 12.
it (time 0), Figure 13B for middle stage (time 1), and Figure
13C for final stage (time 2), respectively.
In this case, the abrading plate is made with a low
binder volume, consequently, the abrading plate is brittle
and abrasive particles are easily released from the abrading
plate shown in Figure 9. Until time 1, raised regions are
preferentially polished and the depressed regions are HhHardly
polishéd. Therefore, a level surface can be obtained easily,
but polishing continues to be active even after a level
surface has been reached because of the abundance of
released particles. Therefore, at time 2, the height of the
wafer is now reduced as a result of the continued polishing.
For this reason, although the irregqularities are easily
eliminated, polishing 1is continued so that the allowable
range of processing (the process window) is narrowed, i.e.,
polishing control becomes much more difficult. Furthermore,
because the rate of material removal is different before and
after achieving a flat surface, it is difficult to control
polishing time properly.

Figure 14 shows a polishing characteristics of a

freshly dressed (roughened) abrading plate on a blanket



is clear that the self-stopping function does not work in this case.

Sel f-stopping neans that the irregularities are elimnated and flatness is
achieved, and fromthis point on, further polishing will nat DRGEMBER 2005
further material renoval, that is, the filmthickness is unchanged. This
result is equivalent to the result ob;§+ged on polishing a blanket wafer
havi ng no such patterned fine-structure. Therefore, before using a freshly
dressed abrading plate on a sem conductor device patterned wafer, the
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abradi ng pl ate (pressing and heating), cooling, bonding to a base plate,

shavi ng (i Aghn@hntBe cabradli sk e $UAHRSEivEl ARl «@f. t hehbhnissked a
abrading plate is about 100 ,u mbut this flatness is inappropriate to
polish seffesibycdOEssiedi serpaihgr pedteafier appheeduse theaidatiuctor
device patterned wafer, raised regions of a wafer can be
polished at high speed and the irregularities can be
eliminated, but polishing action will be continued and lead
to a result similar to the results shown in Figure 12. It
is clear that the self-stopping function does not work in
this case. Self-stopping means that the irregularitiés are
eliminated and flatness is achieved, and from this point on,
further polishing will not produce further material removal,
that is, the film thickness is unchanged. This result is
equivalent to the result obtained on polishing a blanket
wafer having no such patterned fine-structure. Therefore,
before using a freshly dressed abrading plate on a‘
semiconductor device patterned wafer, the dressed abrading
plate should be conditioned using a blanket wafer to remove
abrasive particles and to moderate the initial rapid rate of
material removal, so that the self-stopping function can
work effectively.
That 1is, before the semiconductor device patterned

wafer is polished, freshly dressed abrading plate should be

treated using blanket wafers so that the polishing process



with the polishing surface is only partial and the surface cannot be
processed properly. Therefore, sem conductor wafer processing requires, for
exanple, an abrading plate initially dressed by a dresser RADECEMBER®R0IS
particles (#100 or #200 size) electro-deposited in a nickel base. Dressing
may be carried out at 400g/cn? for 10 minutes. This initial operation is
cal |l ed abradi ng plate shaping. The finraB-surface roughness of the abrading
plate for polishing sem conductor device patterned wafer is preferably

| ess than 30 gm The abrading surface of the freshly shaped abrading plate
appears si lrsl aranmoi exhe ostovanf t ér Fither epd bfs hbeg e neerey habr ds2ere pamkeireldes 22
are found. When a device patterned wafer is polished using an abrading

pl at e havi sagfficheatlyabaadi imdscitade st r bt urimy pdle slHiigy reat e theredryy
high as indicated by "a" in Figure 14. Although |eveling can be 21 DECEMBER
2005 -29 obhabhedgeatsd | prowvhielemaapr iadraditoyablptecesshtbntingesa egsedf-aft er
flatness is achieved as shown in Figures 12 and 13. In contrast, when the
resi dual parbpplieg Z2nctdwai sihegnorn tfHguneesily dressed surface is renpved,
as shown in Figure 15A, a device patterned wafer is polished using an
abradi ng plate ARVRAGRE IR an3Y r et R Shasiired Fggurae d5B, PHBSSEreE he
particles have been scraped away, the rate of material _renoval is slower as
i ndi cat ed B)aPBNgj MeRRffF ewilh %\ﬁé‘ﬁ—l@g deRTEnPRES e AAFE LS FRe pstedled in
this condition, |level surface is obtained while nmaintaining desirable
irregul ari PfésMigidiarthe PhadgEsiandy aRRAT 1 ERr PAVESEs Iorldditedd fRéd.

abrading piatg i1, exLOLL 36l L3SkOPP Mhcaing and heating), cooling,

bonding to a base plate, shaving (planing) of the abrading
surface. Planarity of the finished abrading plate is about
+ 100 4 m but this flatness is inappropriate to polish
semiconductor device patterned wafers, because the contact
with the polishing surface is only partial and the surface
cannot be pfocessed properly. Therefore, semiconductor
wafer processing requires, for example, an abrading plate
initially dressed by a dresser having diamond particles
(#100 or #200 size) electro-deposited in a nickel base.
Dressing may be carried out at 400g/cm* for 10 minutes.
This initial operation is called abrading plate shaping.
The final surface roughﬁess of the abrading plate for
polishing semiconductor device patterned wafer is preferably
less than 30 um.

The abrading surface of the freshly shaped abrading
plate appears similar to one shown in Figure 15A where many
abrasive particles 22 are found. When a device patterned
wafer 1is polished using an abrading plate having such an
abrading surface structure, polishing rate is very high as

{2

indicated by “a” in Figure 14. Although 1leveling can be



function so that it appears as though material renoval has been stopped
automatically. It is thought that self-stopping effect is generated as
follows. Fine structures fabricated on a device patterned waf PECEMBEE £005S
conprised of many fine raised regions and depressed regi ons. when such a
device patterned wafer is pressed against an abrading surface of an
abrading plate, the fine structure actﬁglike a dressing tool, and although
the dressing effect is not to the extent"fhat is produced by di anond
dresser (size of dianond particle is approxinmtely 100-300 /Lm), tips of

t he fine-st t, bi t intg th br.adi f f th br adi | at d
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and when | eveling is eved, e device wafer surface ~ becomes’ effectively
simlar tothhat Gt 2 1RlAnkefe WBERR, sadpelinewlPf | tReOralthe Abragdiog; pl ate

changes to a structure simlar to the one shown in Figure 15B, which no

| onger removal is slower as indicated by “b” in Figure 14. When a
device patterned wafer is polished in this condition, level
surface is obtained While maintaining desirable
irreqgularities, and ' after the desired level surface is
produced, the abrading plate will exhibit self—stoppihg
function so that it appears as though material removal has
been stopped automatically.

It is thought that self-stopping effect is generated
as -follows. Fine structures fabricated on a device
patterned wafer surface is comprised of many fine raised
regions and depressed regions. When such a device patterned
wafer is pressed against an abrading surface of an abrading
plate, the fine structure acts like a dressing tool, and
although the dressing effect is not to the extent that is
produced by diaménd dresser (size of diamond particle is
approximately 100;300 um), tips of the fine;structufe bite
into the abrading‘surface of the abrading plate and scrape
out the abrasive particles, producing'ifreed abrasive
particles through a soft dressihg process. Anhiabrading

surface shown in Figure 15B can hardly abrade the blanket

wafer surface, as indicated by “b” in Figure 14. But when



produces any nore rel eased abrasive particles and the process stops because
of the self-stopping effect of the abrading plate structure. It should be
noted that the self-stopping feature cannot be produced i n AMECEMBER 2005
abrading plates, and the effects can be different depending on the
conposition of the abrading plate. Polishing characteristics for device
patterned wafer can be divided into thr¥-|arge categories as shown in
Figures 16A, 16B and 16C. Differences in the characteristics are nade clear
by carrying out continuous golishing experinments using bl anket wafers with
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and when leveling is achieved, the device wafer surface
becomes effectively similar to that of a blanket wafer, and
the profile of the abrading plate changes to a structure
similar to the one shown in Figure 15B, which no longer
produces any more released abrasive particles and the
process stops because of the self—Stopping effect of the
abrading plate structure.

It should be noted that the self-stopping feature
cannot be produced in any type of abrading plates, and the
effects can be different depending on the composition of the
abrading plate. Polishing characteristics for device
patterned wafer can be divided into three large éategories
as shown in Figures 16A, 16B and 16C. Differences in the
characteristics are made clear by carrying out continuous
polishing experiments using blanket wafers with a
conditioned abrading plate. Only those abrading plates
exhibiting the behavior of rapid initial polishing followed
by a lower rate of polishing will exhibit quick elimination

of irregularities followed by self-stopping effect (refer to

Figure 16A). For abrading plates exhibiting high removal



characteristics are represented in Figure 16B. Abrading plates with high

bi nder volunme and | ow porosity volunme are relatively hard abradi ng pl ates,
and their polishing characteristics are represented in Fi gan ®ECEMBER 2005
devel op the sel f-stopping capability of the abrading plate, it is necessary
to renove residual particles fromthe dressed abrading plate before it can
be used for polishing a wafer. One nmethgd of elimnating the residual
abrasive particles is to condition a blanket wafer until the polishing rate
stabilizes at sonme |lower rates. This nmethod is based on pressing and
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increased guide ring height, for exanple. Supply of liquid during

condi ti oni Bdti, S ARROILER] YigSsamdsdl ,no andtbheatlypeerdvai duhd, dfoorsexaopl e,
such as water should serve to cool the conditioning tool and sweep the
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for exanple, are: rotational speeds of abrading plate
that exhibit the type of polishing behavior shown in Figure
16A are found in the compositional area denoted by B region
in Figure 9. Outside of this compositional area, abrading
plates with low binder volume or high porosity volume are
relatively soft abrading plates, and their ©polishing
characteristics are represented in Figure 16B. Abrading
plates with high binder volume and low porosity volume are
relatively hard abrading plates, and their polishing
characteristics are represented in Figure 16C.

To develop the self-stopping capability of the
abrading plate, it is necessary to remove residual particles
from the dressed abrading plate before it can’be used for
polishing a wafer. One method of eliminating the residual
abrasive particles is to condition a blanket wafer until the
polishing rate stabilizes at some lower rates. This method
is based on pressing and rotating the abrading plate against
a blanket wafer chucked in a wafer carrier while flowing
water during conditioning. But the conditioning tool is not
limited to a blanket wafer, and any type of tool having a

flat surface made of a hard material can be used. For

example, quartz glass Substrate or ceramic substrate can be



tabl e/ substrate at 50/ 35 rpmrespectively; pressing pressure for substrate
at 500 g/cn2 which is equivalent to wafer polishing surface; water flow
rate at 200 ml/nmin; and total polishing time of 10 mi nut es2laBBEEMEBER 205

O her nethods include a method using a brush 25, instead of the bl anket

waf er, for washing the abrasive surface 15 with water (refer to Figure
17A), or a nmethod wusing a brush roIIer_??_and water (refer to Figure 17B).
These net hods are effective in renoving e residual abrasive particles and
produci ng a suitably roughened abrading plate (involving a roughness of

|ess than 30-4- &) cndPELAL! AABLAMEIAIS, Ak ena { OLoFXAYPEBO1LOIAN ORFdo

speeds of abrading plate ta brush at 12 rpm brdsh pressing pressure

at 200 g/ caiucihelerid | eWer alaaat 20Pr i Mo ANEi By ) F @BOVE RS tithR Ofodi

m nute. Brush 25 should have a relatively soft tip nmade up of fibers of

I ess than dnga di aEReerapdMt Chn@ls DREEMBER 200b tB3ckies ot quedsanthdy essed

agai nst the abrading surface 15 while flowng a |liquid Wsuch as water to

renove themﬁ?‘rr! gasathe abipStye PAhehChes.clAs matethwds bhasedseq,flid dis
pressure applied by a water jet 27 (refer to Figure 17C) or ultrasonic. jet

28a ej ect gdcésoaran 4d t nagemyC 3mur egudd (8ef eadiagFigur addpbed asudk SO
effective. Water jet 27 should be used at a pressure of |less than 5 kgPa or

nmor e pref emabhynliemshbhang2ankgRartaseangua dehe ihgshduahtgbrfagi wexqparld cl es
and to produce a suitably conditioned abrading plate having a roughened
surface (isuppiyngfaliqudbdndagiafy c3AdhitiohingbBxseadisvdhyt dliyglegsaintpradssur e
shoul d be because it avoi ded
and the type of liquid, for example, such as water should
serve to cool the conditioning tool and sweep the released
particles away.

Operating parameters when using a blanket wafer, for
example, are: rotational speeds of abrading plate
table/substrate at 50/35 rpm respectively; pressing pressure
for substrate at 500 g/cm® which is equivalent to -wafer
polishing surface; water flow rate at 200 ml/min; and total
polishing time of 10 minutes approximately.

Other methods include a method using a brush 25,
instead of the blanket wafer, for washing the abrasive
surface 15 with water (refer to Figure 17A), or a method
using a brush roller 26 and water (refer to Figure 17B).
These methods are effective in removing the residual
abrasive particles and producing a suitably roughened
abrading plate (involving a roughness of less than 30 um).
Operating parameters are, for example, rotational speeds of
abrading plate table/brush at 20/12 rpm, brush pressing
pressure at 200 g/cm’, water flow rate at 200 ml/min, and a

removing time of 1 minute. Brush 25 should have a relatively

soft tip made up of fibers of less than 1 mm diameter, which



not only renoves the residual abrasive particles but also fractures

sui tably roughened abradi ng surface to be snoothened, which nmay negate the
dressing effects by the sem conductor device patterned waf @t DEEEMBER 280ine
reason, the operating paraneters such as frequency and intensity should be
carefully selected to operate an ultrasonic jet 28a. Operating paraneters
for the particle renoval nmethod wusing ultrasonic fluid are, for exanple,
frequency at 20 kHz, output power at 50-§-a conditioning time of several
mnutes and a flowrate at 200 m/mn. To effectively treat the entire
abrading surface, it is desirable to nove the wultrasonic transducer hone 28
to reci prdcatbeteReandhpregentdergandsthéhedgdrad itnge sasifadiang plvdtielel5 at
a separation distance of 1 nmor less than 1 nm Water jet such as Cabijet
and Megaj dilquinde anahdfuidy Yal §8Che A eWatTiiesto 2 X SMRCEVBERE2 008! easved

met hods are effective in renoving the residual abrasive particles to
produce a3Rfasebi§ Patfhehed8-surface of the abrading plate (having a
surface roughness, of less than 30 Jim. Excessive treatnent may not only
remove the resi iledOr r BIEEAOES abrasfveOhatttdPesPHRTS Ao MMPAHAH ebP¥uid abl y
roughened abrading surface of the abrading plate to bhe vanished. By '
provi di ng "&&F cé%&i t4 bnil A Tereat et IbECa iess8d MRy DI dEE, 282

polishing rate can_be stabiljzed for a short eriod_of tinme.. However, K as
bol i shi ng SIETHAR | GEEH, Ahoi +oHA$R 15t EOBERCs et | TRteTyr BAULIOY thock Bhse, so

that the abrading PLLE T%N2Ve & df Rdr 5558 ionta" S 888 %at

pressure of less than 5 kgPa or more preferably less than 2
kgPa to remove the residual abrasive particles and to
produce a suitably conditioned abrading plate having a
roughened surface (involving a roughness of £ 30 4« m).
Excessively high jet pressure should be because it avoided
not only removes the residual abrasive particles but also
fractures suitably roughened abrading surface to be
smoothened, which may negate the dressing effects by the
semiconductor device patterned wafer. For the same reason,
the operating parameters such as  frequency and intensity
should be carefully selected to operate an ultrasonic jet
28a.

Operating parameters for the particle removal method
using ultrasonic fluid are, for example, frequency at 20 kHz,
output power at 50 W, a conditioning time of several minutes
and a flow rate at 200 ml/min. To effectively treat the
entire abrading surface, it 1s desirable to move the
ultrasonic transducer hone 28 to reciprocate between the
center and the edge of the abrading plate 15 at a separation
distance of 1 mm or less than 1 mm. Water Jjet such as

Cabijet and Megajet (trade name) may also be used. These



(soft dressing) of the abrading plate is carried out to re- establish
noder at e roughness of the abrading surface of the abrading plate, and
different fromthe initial dressing for shaping the abradi 2 DECEMBER®00% he
abradi ng plate as shown before, it should be basically carried out using

| ess severe (soft) paraneters with the pressure of |ess than 100 g/cn®.
After such. conditioning, residual partixe renoval is not required,' and
even if it is required, short treatnment tinme is sufficient. Re-dressing
paranmeters, for exanple, are: dianond particles of #200 size; pressure

bet ween alrediauy plrat eetfdbleiged dnessemowvingestshé hare S0idah? ;akared idreessi ng
time of less than 1 mnute. According to this condition, it produces an

abr adi ng plaatteidlas ngoa puowdwce roughhnesblpf rdwegsenddn ssefaerca ©E&ndhef

m croneters. Next, an outline of the process for manufacturing the abrading
pl ate wil labmaddasrrilate (ayener al surfiacpr sougdnes sDRCENBER 20051 -E30 s a
dry pressure shapi ng acconpanied with concurrent heat treatment. This
process i i¥dl)ves EXGRSSbVer YrapkBanpondsdr ngf abknsreeopar thel desdisnad

bi nder of a given ratio, which is filled into a cavity of a press nold. The
m xture i FelenfacksAramidvheapautielas cebuli nappessdractays oduddadly
abradi ng plate of required dinensions with concurrent heat treatnent. Heat
treat ment Hoighasted o adbgRddna he WBifede o6 phenpdleradhasi oplabepad i d%es and
formation of a strong matrix. O her nethods include a wet nethod for
fabricati Y@R¥e ng pl ate. An organic solvent (for exanple, ethanol) is

repared in a cantainer, nd a bjnder such as pol yi m de
prep By pr0v1df%g such cond%giofin t?%atment to a dressed

abrading plate, polishing rate can be stabilized for a short
period of time. However, as polishing is continued,
polishing rate can sometimes gradually decrease, so that the
abrading plate may have to be re-dressed. As re-dressing
(soft dressing) of the abrading plate is carried out to re-
establish moderate roughness of the abrading surface of the
abrading plate, and different from the initial dressing for
shaping the abrading surface of the abrading plate as shown
before, it should be basically carried out using less severe
(soft) parameters with the pressure of less than 100 g/cm’.
After such. conditioning, residual particle removal 1is not
required,” and even if it is required, short treatment time
is sufficient. Re-dressing parameters, for example, are:
diamond particles of #200 size; pressure between abrading
plate table and dresser of less than 50g/cm?’; and dressing
time of less than 1 minute. According to this condition, it
produces an abrading plate having a surface roughness of
less than several tens of micrometers.

Next, an outline of the process for manufacturing the

abrading plate will be described. 1In general, the process



resin (liquid or powder) is dissolved in the organic solvent, to which are
added abrasive particles. In this exanple, abrasive particles, CeQ2, are
added in a ratio described earlier, and the |iquid m xture2lDPEIEMBER 2005 h
a stirring device to produce a feed m xture having uniforny di spersed
abrasive particles. The feed liquid, having the particles uniformy
distributed in the binder, is poured into a tray and heated in a vacuum
oven to drive out the volatile liquid at3%0 C for two hours, for exanple,
to produce a solid precursor. The precursor is pulverized to produce a

pul veri zed powder of binder resin adhering to the abrasive particles. This
powder isifi A &Y nPHEEGNFRASDERIL NS0 REFHEAIRE plésBe F MBI bovReEb

produce a solid preform, This Eress&g&_operation ,geternines t he shage of
the abradtR§2plaRE: THE TonbFeSSES Oy S5r €t ORISRt H-4SH aROBYBR t o

soften el he 21 DECENMBER 2005 -36 bi.nder and cause it to fuse to the
bi nder égﬂﬁ P&P&aﬁ&vﬁwé’a% r#R9 ab a}é’g\% ﬁgt?cﬁéé’?nﬂﬁas“p%c%éécg

produces o, i ahied! 10 plale, copvrlsedby abyasiverpar fcles bogded o
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‘promote adhesion to particles and formation of a ‘'strong
matrix.

Other methods include. a wet method for fabricating
abrading plate. An organic solvent (for example, ethanol)
is prepared in a container, and a binder such as polyimide
resin (liquid or powder) is dissolved in the organic solvent,
to which are added abrasive particles. In this example,
abrasive particles, CeO,, are added 1in a ratio described
earlier, and the liquid mixture is stirred with a stirring
device to produce a feed mixture having uniformly dispersed
abrasive particles.

The feed 1liquid, having the particles uniformly
distributed in the binder, is poured into a tray and heated
in a vacuum oven to drive out the volatile liquid at 50 °C
for two hours, for example, to produce a solid precursor.
The precursor is pulverized to produce a pulverized powder
of binder resin adhering to the abrasive particles. This
powder is filled in a cylindrical container and pressed from
above to produce a solid preform. This pressing operation

determines the shape of the abrading plate. The compressed

solid preform is heated in an oven to soften (gel) the



operation. It would be evident that, although the enbodi nents were
illustrated using CeQ2 and polyi m de or phenol resin, abrading plates
exhibiting the sel f-stopping property can be produced usi nQ13iFrGESMBER 2005
particles and binders that were not included in the description given. As
descri bed above, the polishing nmethod descri bed above has an advantage that
only the raised regions are quickly renpved initially to facilitate

pl anari zation, but that using an abrading plate of a certain conposition
range, polishing does not proceed further. However, there are cases that

requires ramyal 9hqf W, tuggr i;t?t €61 2usko {Lduge o f'dcﬁ@é*‘é&%«?ﬁﬁ BdChhe

addi tional material renoval ter the surface has at “cannot be

carried o i g escr i a h t he
P csent S B T st Bagee"8 11 Ter 51" DECENBER

2005 -37 %ttaﬁgﬁldg)%mﬂgg Wh 1 e & heoRbE 86EATLY! aheas%@ ?a%@:‘i%rl@sﬁlﬁgﬁjed
polishing to additionally renove the surface materi al a desired

t hi ckness + Figwesi nl8ht 8B ma€eschematic illustrations of the process of
the first enmbodi mrent of the present nethod. The first stage polishing .is

shown in Figure T#A ai8pss i 6 baaed icaest him PohEBhiaty atsia@ihfepabradiaie pl ate
descri bed above. This abrading plate has a self-stopping property that

enabl es t @irsadtigmtd® itehef maet eximateei@yabonianntifhg ar ajiset ra@uns of
t he sem conduct or device patterned wafer are preferentially elimnated and

t he irregufargdiesitar e opdn Mdpf eshdyapel isbéngcvhnketsdpplkyithe dindewat er W
from It is thought that the porosity or opening is formed by air,
which 1is incorporated in the pulverized powder during the
process of pressure shaping the solid intermediate.
Therefore, the.volume ratio of the porosity in the matrix
can be controlled by the compression ratio in the pressing
operation.

It would be evident that, although the embodiments
were illustrated using CeO, and polyimide or phenol resin,
abrading plates exhibiting the self-stopping property can be
produced using abrasive particles and binders that were not
included in the description given.

As described above, the polishing method described
above has an advantage that only the raised regions are
gquickly removed initially to facilitate planarization, but
that using an abrading plate of a certain composition range,
polishing does not proceed further. However, there are
cases that requires removal of further material to reduce
film thickness. Such additional material removal after the
surface has become flat cannot be carried out using the

polishing method described above. Therefore, the present

method of polishing is comprised of two stages: a first



the nozzle 10. However, when it is necessary to control the filmthickness
to a certain value, this abrading plate is not suitable because further
pol i shing does not renove the surface material, due to wor kKilMECEMBER 2005
sel f-stopping function. For this reason, first, polishing tine is
controlled so as to recognize that the irregularities have been

el imnated. Then, in the second stage pgyishing shown in Figure 18B
additional polishing is carried out by replacing water with a polishing
slurry containing a | arge anount of free abrasive particles. Slurry Q of

t he sane typegaspbhéshdangs wisdd ther adoradamtg grbdt&VPand supgicioad fstmygd he
nozzle 9. For exanple, SC-1 (trade nane for the product of Cabot conpany),
whi ch bel opgbisbingcabl cidthit siddldy grenpyei sheswurdfidae Makesiakr yocont ai ns
a |l arge amount of normal polishing abrasive particles, and facilitates
surface 21dBEOEMBERN20RBes88 material renoval at high polishing rate, as in
the conventional CWP. Figure 19 shows steps of the polishing process
schematical | y. Thed@rest 1SPagel 88 aged sehsmabic plldn@tiradiions ahd thwe
abrading plate is used to quickly level off the raised regions. After the

i rregul ar i B¥ecess eofelthgi datsd @iibeglimeatafadig prasentpdetdrdng e is
reduced rggidL%, so that the polishing tine in the first stage is

control | edtBS Tl FERBRg PO NAT ol i FROYD ABdIFEiIdFe tbBA heaRind Sr &ffig%d to
elimnate the irregularities. The second stage polishing is ained to renove
a spediﬂcp%nﬁﬁﬁtPQ%l%ﬂhW%u¥§h%$eFP§IPbéﬁﬂﬁqg(ﬁ&??%dngFrBPeGQQR?W%m same

This abrading plate has a self-stopping property that
enables to reduce the rate of material removal when the
raised regions of the semiconductor device patterned wafer
.are preferentially eliminated and the irregularities are
eliminated by polishing while supplying only water W from
the nozzle 10. However, when it is necessary to control the
film thickness to a certain value, this abrading plate is
not suitable because further polishing does not remove the
surface material, due to working of the self-stopping
function.

For this reason, first, polishing time is con;rolled
so as to recognize that the irregularities have been
eliminated. Then, in the second stage polishing shown in
Figure 18B, additional polishing is carried out by replacing
water with a polishing slurry containing a large amount of
free abrasive particles. Slurry Q of the same type as the
ones used for conventional CMP is supplied from the nozzle 9.
For example, SC-1 (trade name for the product of Cabot
company), which belongs to a coiloidal silica group, 1is
suitable. The slurry contains a large amount of normal

polishing abrasive particles, and facilitates surface



abrading plate with an abrasive slurry supplied fromthe nozzle in the
polishing interface, as shown in Figure 18B. The polishing rate is

determ ned by the type of abrasive slurry used, so that thalDESIEMBERI2D0A

t hi ckness Ax can be obtained in a relatively short tinme. Because this
of polishing is started froma flat surface, CWP can provide uniform
polishing over the entire surface of the,, A sem conductor wafer and a hig
quality uniformy polished surface can:yg produced. A given thickness
resi dual filn1can be achi eved by tine based control and filmthickness

phase

h
of

based 20A.sh | | ed I '
method I abf SBPRG Lol Ate RbRh | RORBIABSIoA  Tid tRE  [Pocadle |s

conti nued to\h;ne Ti O oduce a flat surface. Accordingly, planariza
over the ST &3k s achieved. After t hen, supplying the slurry

tion
from

h I
Eoﬁt?gﬁédetgltPE§E$EEB Aggdegggwg t%£g¥n<%glls gagp%ggghggﬁlbgh%QFg%nlned

by the tys% la v%ﬁ%ybel ng ,Eﬁgd 11 t:T]=fors¢g_?8|et | B POSSINY 5glgre \Z/rg

sur f ace naterl tonti nuing pori gi ven tine. ure

h K h |
ubst r at e BieTRg L A L4 1 BB (ERET arREThE o ?E?ES Shonn Eod gy o
pOlIShlngﬁéiﬁﬂtgf - £hB ¢hl;Zlgatid stJrrﬁEH%frtBé grE% u%%@f%ﬂ%saare

uni formy sur ace having filmthickness Iti naI pol 1 shi ng
abrasi ve iU ihdSedardd %O%he WhH 8 Y t i t hgdiddR ik ckigss si@

obtain a film thicknes usi ng the apparat us shown in Fi gure 18B.

reduced rapidly, so that the polishing time in the first
stage is controlled by allowing some extra time in addition
to the time required to eliminate the irregularities. The
second stage polishing is aimed to remove a specific amount
of surface material, and is carriéd out by using the same
abrading plate with an abrasive slurry supplied from the
nozzle in the polishing interface, as shown in Figure 18B.
The polishing rate is determined by the type of abrasive
slurry used, so that the desired film thickness Ax can be
obtained in a relatively short time. Because this phase of
polishing is started from a flat surface, CMP can provide
uniform polishing over the entire surface of the
semiconductor wafer and a high gquality uniformly polished
surface can be produced.

A given thickness of residual film can be achieved by
time based control and film thickness based control. Figure
20A shows an example of time-controlled polishing method
using the abraaing plate shown in Figqure 18A, and the
process is continued to time T1 to produce a flat surface.

Accordingly, planarization over the entire surface is

achieved. After then, supplying the slurry from the nozzle
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Because the process is controlled by nonitoring the thickness, an accurate
filmthickness can be obtained.. The process of switching from olishiQ%
with "liquid not containing abrasive particles" in the firktDECEMBER 2005
polishing to polishing with "liquid containing abrasive particles” in the
second stage polishing, is operated according to a flowhart shown in
Figure 22. The process is controlled hggaperating the opening and the
closing of electromagnetic (en) valves X, X2, Y1, Y2 shown in Figure 21.
For exanple, initially the valves are in the initial stage of opening and
cl osi ng sRows ishovinguime Rizjurzendl 8he psblishinn is contuhaeddtbetwmenTfhe
delivery piping and the storage tanks (TK1, TK2). In the first stage, each
val ve is Asl atsstiibatheabdvet poagehinadiiinen cemowe idetRRyuire2by afbie
polishing is performed using only water Wsupplied fromthe nozzle 10. The
first stag§¥pes ebntyloinsy bgsad owsed ne,they P IBECEVMBER 0@ ss4d ichatowhen
time Ti shown in Figure 20A has passed, polishing is stopped. The second
stage i s ¥EAOVEd BRFERCQetBREPAGAlt hatlle IReNtpsty Bed isdddil $fage
polishing ii;s performed by supplying a slurry Q fromthe nozzle 9 by -
operatinggﬂﬁ@n(ﬁﬁﬂﬁtioﬁlapr§m%%§;ékP¥§s%Pt6Ha§81§SQﬁ)@%@%Iéﬁéﬂk8§5§hown
in the second stage polishing condition in Figure 22. The tinme of ending
the secon8238€8geCpBFrehi MLtEoont r BVl eRPLEFRERE K] | AP TAYeM HAtBRNess,
so that th raqcess is ended when tinme T2 shown in Figure 20 rofilm

t hi ckness 3R 3LRGWP I i GHFR 368 iPRHUTed® PRV YurtBs T2IRT 23 R holPFhe
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achieve a uniformly flat surface having film thickness Al.
Additional polishing using‘abrésive slurry is carried out
while monitoring'the film thickness so as to obtain a film
thickness A2 using the apparatus shown in Figure 18B.
Because the process 1is «controlled by monitoring the
"thickness, an accurate film thickness can be obtained. .

The process of switching from polishing with “liquid
not containing abrasive particles” in the first stage
polishing to polishing with “liquid containing abrasive
particles” in the second stage polishing, 1is operated
according to a flowchart shown in Figure 22. The prodess is
controlled by operating the opening and the closing of
electromagnetic (em) valves X1, X2, Y1, Y2 shown in Figure
21. For example, initially the valves are in the initial
stage of opening and closing shown in Figure 22, and the
solution 1is circulated between the delivery piping and the
storage tanks (TKl1, TKZ). In the first stage, each valve is
placed in the first stage condition shown in Figure 22, and
polishing is performed using only water W supplied from the

nozzle 10. - The first stage 1is controlled based on time, so



apparatus used for the first stage polishing using the abrading plate, and
Fi gure 23B shows a polishing apparatus having a dianond dresser 16 added to
the apparatus shown in Figure 23A. Dianond dresser 16 conprhfpgci R 2005
di anond particles of about #200 particle size enbedded in the abrading
surface of the abrading plate 15, and perfornms conditioning of the abrading
plate 15 using water W As illustratedggon one location on the surface of a
rotating turntable 5, polishing of wafer Wis carried out by abrading
plate, while, on the other |ocation, dressing of the abrading plate is

carri ed othabywheastiing tie ski@sseinléigaret h@Aabfaa@li;]ﬂgsggat aﬁ@l@%hih@
abradi ng plate while supplying water Wfromthe nozzle 10. The first and
second stage spolppdi Ng iThd heesepdnds tagdodsnmetaat edcativent | @dtbytingt chi ng
a series of valves wusing the switching apparatus shown in Figure 24

accor di ngt24dt DECENBERp266824d-.41 The tderdidwteayd shibimhingFiguper2brmedr
exanple, in the first stage, each valve and the dresser are placed in the
first stage sopdilyiag shoswurny FRguiren25 hd-instzieade bypodpshangngsthe
performed using only water Wfromthe nozzle 10 by placing the condition of
val ves ancboudiéssen as shdwes rby theswitch stage ol ishipbaced Fagusko®B. The
first stage is controlled based on tine, so that when tinme Tl shown in

Fi gure 20in htbepsssmhd potagai pgliishdmgpmehdithivan theFigagend® k¢ ag@he -
polishing is started after detecting that Ti has passed. The second stage
pol i shi ngt bper &f oending &bAcupeepRddrasadeig Poddrsdtingh ils peepnbraddedy

supplylng water Wfromthe nozzle 10 and abrasive particles generated
ither by time or film thickness, so that the process 1is

ended when time T2 shown in Figure 20A or film thickness A2
shown in Figure 20B is obtained.

Figures 23A, 23B show the second embodiment of the
polishing method. Figure 23A shows a second stage polishing
apparatus used for the first stage polishing wusing the
abrading plate, and Figure 23B shows a polishing apparatus
having a diamond dresser 16 added to the apparatus shown in
Figure 23A. Diamond dresser 16 comprises - fine diamond
particles of about #200 particle size embedded in the
abrading surface of the abrading plate 15, and performs
conditioning of the abrading plate 15 using water W. As
illustrated, on one location on the surface of a rotating
turntable 5, polishing of wafer W is carried out by abrading
plate, while, on the other 1location, dressing of the
abrading plate is carried out by pressing the dresser 16 on
the abrading surface of the abrading plate while supplying
water W from the nozzle 10.

The first and second stage polishing in the second
embodiment are controlled by switching a series of valves

using the switching apparatds shown in Figure 24 according



by dresser 16, while placing the valves and the dresser in a second stage
condition shown in Figure 25 by the switching apparatus. General operating
conditions for the dresser 16 are approxi mately: rotational2ldEGMBER2005
rpm and polishing pressure of 50 g/cnR2. The tinme of ending the second
stage polishing is controlled based on either tinme or film thickness, so
that the process is ended at tine T2 shdhmr in Figure 20A or when film

t hi ckness A2 shown in Figure 20B is obtained. Figure 26 shows the third
enbodi ment of the_polishing nethod schematically, and Figure 27 shows a

pl an vi eWdf thenhd LoyFdeaitusShW alBr FAXKSR has bE@F pe¥dBPhed thr t he
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second stage polishing is started after detecting that T1
has passed. The second stage polishing operation with

-concurrent dressing operation is performed by supplying
water W from the nozzle 10 and abrasive particles generated
by dresser 16, while placing the valves and the dresser in a
second stage condition shown in Figure 25 by the switching
apparatus. General operating conditions for the dresser 16
are approximately: rotational speed of 30 rpm; and polishing
pressure of 50 g/cm’. The time of ending the second stage
polishing 1is controlled based on either time or film
thickness, so that the process is ended at time T2 shown in
Figure 20A or when film thickness A2 shown in Figure 20B is
obtained.

Figure 26 shows the third embodiment of the polishing
method schematically, and Figure 27 shows a plan view of
the apparatus. A wafer 4 that has been performed through
the first stage polishing using the abrading plate 15 shown
in Figure 26A is transferred to a conventional CMP apparatus

shown in Figure 26B using a polishing cloth 6 and slurry

containing  abrasive particles through a conventional



and depressed region so that it has a drawback that height difference is
difficult to be reduced rapidly. However, the conventional CMP has an
advantage that even a flat surface can be polished at a hi gh®EGEMBERI2005
rate, and a highly flat polished surface is obtainable. Therefore, in
accordance wth a conmbination of first stage polishing using abrading plate
wth water or solution without abrasive _ gparticles, and second stage
polishing using a conventional CMP with & polishing cloth and a slurry
including sufficient abrasive particles, a flat surface having residual

fi1m Ohi ckasss ) 2 esi Tedokab v Gan s aRtaed i an over ah; shoyfy (1 e

duration on a“substrate surface avi irreg he process
can be caqntr.all. [ h i S i he : - b

based comg%oelrr%(grl%?ilI(?hé?hirl)cinggggg%geggg%ntu%g%%?hgsﬁﬁg ééé’tr\%ﬁﬁ‘%%g -43
FLour e, 27 hoWs A XA & OhadoBPRRLAL Uh 1) dihEn8d manner with the

pol i shi ngappar at us71usi nganabr di'ngpl at eanda

pol i shi noagRaralysy 2sh apaeak! shinact ot eel s ah Lo PlAGRL | Boa wrmon

pol i shing"room 78. Irst apparatus 71 perforns po I ng using an .

abradi ng BLate mhy Be Wddh aiﬁei'fééﬁgp&hé‘ﬂtéf'?%iaﬁﬂe%i | QrafienR! YiduE M er or

chem cal solution fromthe nozzle 10. The sectond apparatus Z perforns

chem cal frechrai eah rRGkbPYitg WrEAcBLYAT Y IMERE JERAAINY BlaBBURGEH

abrasive particles supplied on the cloth 6 fromthe nozZle 9. In this
facility, veheeder chenscadel syenedohhr aighedde delierara) openbngL 73 iand is

pl aced on a transport table 70 disposed inside the polishing room78, and

i s polishadthyptdeeapparatus the ustngglher bbiadi ngepl@l fminated in the
process of polishing even in a subsequent polishing process.
On the other hand, since polishing cloth of conventional
chemical mechanical polishing has elasticity, CMP uéing
slurry will remove surface material from both raised regions
and depressed region so that it has a drawback that height
difference is difficult to be reduced rapidly. However, the
conventional CMP has an advantage that even a flat surface
can be polished at a higher polishing rate, and a highly
flat polished surface 1is obtainable. ‘Therefore, in
accordance with a combination of first stage polishing using
abrading plate with water or solution without abrasive
particles, and second stage polishing using a conventional
CMP with a ©polishing <cloth and a slurry including
sufficient abrasive particles, a flat surface having
residual film thickness of a desired value can be obtained
in an overall short time duration on a substrate surface
having irregularities thereon. The process can be

controlled, as in the embodiments described above, by the

time based control or film thickness based control methods.



15, and after the surface has becone flat and the height difference is
elimnated, the wafer 4 is transferred to the apparatus 72 for additional
material renoval through a CMP process. |In the apparatus 721 BECEMBEX 2005
plate can be installed for additional surface renoval and finish

pol i shing. The second abrading plate in this case should have finer
abrasive particles and higher porosity rajio than the abrading plate 15 in
the first apparatus 71 so that the free abrasive particles are nore readily
sel f-generated from the abrading surface. The hardness of the binder of

finish abradi ngpjte shodhdybeahowgambian Jhain odpgbra¢ho9;iRl @hchd-a

Figures 28, 29 respectively show an intéernal perspective view and a plan

view of anARRA AfYS %M&@@ a71t uioi gl eafavhpgaaing! i ?115% clagh & and
an abrading plate 21 CEMBER 2005 -44 15 which is conCentrically disposed

t herew t h.politigshappar r8uPeriprngs PRy shi ngouskAGnghecabeadi By plat e 15,
and t hen E%e topq??ndﬂﬁ&iarrying t he mgggr 4 ig transfgrred to the cloth 6

and addi t ileRar SUry ageasBlelinala resmwH g@ﬂisﬁiﬂﬁl reeki StB operati gigsare
carried out by supplying slurry Q fromthe nozzle (not shown). As shown in

Fi gures 28ppaathecausep®f féARs CHOL Bshivgchs bigaad pprapRagablaeet 16N a
created by the concentric arrangenent of the abrading plate table and the
cloth tablketh t ker dls 43 dpgeichd 0 flunediide t whilw Nisalplpas ieden wahtasr fiorst
and second polishing stages are invol ved. The apparatus is conpact, and
only one mitemridasl reglutednf frobotheoperatlieornid.. Arlse, sasosfowppiarattiues
figures, to avoid mxing of the
72 performs chemical/mechanical polishing with slurry which
contains an abundant abrasive particles supplied on the
cloth 6 from the nozzle 9. In this facility, the wafer 4 is
delivered through the delivery opening 73 and’is placed on a
transport table 70 disposed inside the polishing room 78,
and is polished by the apparatus 71 using the abrading plate
15, and after the surface has become flat and the height
difference is eliminated, the wafer 4 is transferred to the
apparatus 72 for additional material removal through a CMP
process. In the apparatus 72, an abrading plate can be
installed for additional surface removal and finish
polishing. The second abrading plate in this case should
have finer abrasive particles and higher porosity ratio than
the abrading plate 15 in the first apparatus 71 so that the
free abrasive particles are more readily self-generated from
the abrading surface. The hardness of the binder of finish
abrading plate should be lower than that of abrading plate
15.
Figures 28, 29 respectively show an internal

perspective view and a plan view of an apparatus 80 having a

turntable having a polishing cloth 6 and an abrading plate



| i qui ds used for the abrading plate polishing and the'cloth polishing, that
is, water or chem cal solution and slurry, a discharge groove 81 is

provi ded therebetween. in this case, the center section is 2BHCEMBRERI2005
abrading plate 15 and the outer section is used for the cloth 6, but this
arrangenment nmay be reversed so that the center section is used for the
cloth 6 and the outer section is used foj, the abrading plate 15. Al so, the
center section and the outer section may both have the abrading plates so
that surface leveling and additional material renoval can be carried out at

dlfferentlsabgﬂguﬂg pk?tg?bqgmgﬁﬁgﬁgﬁﬁééguéf?S%?égﬁe poqegﬁaﬁall vi gy of the

facility which TS sui or an e i men i shing apparatus of

2 o1 ban nG PEEREIOR 200 PSR I S e P R e A o TR 135 o

compri sed oy areniiAl I %op! aerd §uEakalliagl3ne Navidlg 4 hes abradiag plat e of

the present 1nvention, a  polishing un aving a top ring 135 disposed

on one - skde tgr o LOEoEbEe 2133, a&dﬁif&&wgsae!fscé%a@@m araﬁséaingndt ool
139 and pl aced on the opposite side of the table 133, and a workpiece .

handl i ng ggwaae kA3 9 agsd-deishal ate EQ%r1@9|HﬂHrE&l%ﬁﬁp%ﬁan|Bth%

washi ng section 150, two transport robots 101 novable in irection of

an arrow g fabm ¢hePesedlien (e GHYWeI) Jegion, and on one side of the robot
line, prinmary and secondary mashlng deV|ces 155, 157 and a spin dryer (or

dryer with washingg swrgabi lid yFidb2ear e28 di 9p9gsedepanakl ebft amackenteer, and

on the opposite side, two workpiece inverters 161, 163 are disposed

paral |l el section and peéeripheral section created by the concentric
arrangement of the abrading plate table and the cloth table,
there is no need to provide two turntables even when first
and second polishing stages are involved. The apparatus is
compact, and only one motor is rejuired for both operations.
Also, as shown in the figures, to avoid mixing of the
liquids used for the abrading plate polishing and the ‘cloth
polishing, that is, water or chemical solution and slurry, a
discharge groove 8lis provided therebetween. In this case,
the center section is used for the abrading plate 15 and the
outer section is used for the cloth 6, but this arrangement
may be reversed so that the center section is used for the
cloth 6 and the outer section is used for the abrading plate
15. Also, the center section and the outer section may both
have the abrading plates so that surface 1leveling and
additional material removal can be carried out at different
abrading plates as needed.

Figure 30 shows an ovérall view of the facility which

is suitable for an embodiment of the polishing apparatus of

the present invention. The apparatus comprises a polishing

section 130 and a cleaning section 150. The polishing



each other. A cassette 165 containing unpolished wafers is disposed in the
| ocati on shown in the figure, and the transport robot 101 on the right
removes one wafer at a time and hands it over to the inver 24MEG3VIBERi20BS5
inverts the wafer. The inverted wafer is passed fromthe right robot 101
to the left robot 101 and is transported to the workpiece handling device
143 of the polishing section 130. The wa#8r on the handling device 143 is
held on the bottomside of the top ring 135 of the polishing unit 137
noving along the dotted line, and is transferred above the turntable 133 to
be polisheteotiéhel pol ishcenptasedlBed af cehbealoyapilagedurntrallag1:33.33
Pol i shed wafer is again returned to the handling device 143, is passed to
the inverHavidél tiyet hebtading obmlatld]l,ofandhes wassethtand nviemsrdred a

t hereby. Then, the polished wafer is washed by the 21 DECEMBER 2005 -46
primary an Besioimagr ynd&shi 1y tHaviiags d565popl15Anesi hgs watisposad chemocs
solution, and is spun and dried in the spin dryer, and-is returned to the
original cosdetef 1B& bybibel3djghtdrebstingOtniAf lédd hbheingp ar idagpsEimg
conpl etes polishing the wafer the dressing unit 141 noves over to the-
turnt abl e td8B 13P| endng ltadmediotn ethéi nppoanteprsasise f hehe otabilrg 13dr,essi ng
tool 139 to the polish surface of the rotating turntable 133 to perform
condi ti oniand of terkmldash Banflaéng te¥icet khdubdabedndifttiayrseld thatthehe
structure of the turntable 133 can be any of the self-turning type, scrol
type or clPligpeinghiwnibl ikhing fdd | ithe carsbhdnked gaisiade d 3 eatidom

Because e Boiport "lobots D69UHSTRIR AN e A0 o o an arrow ¢
are disposed in the center region, and on one side of the
robot line, primary and secondary washing devices 155, 157
and a spin dryer (or dryer with washing capability) 159 are
disposed parallel to each other, and on the opposite side,
two workpiece inverters 161, 163 are disposed parallel to
each other. A cassette 165 containing unpolished wafers is
disposed in the location shown in the figure, and the
transport robot 101 on the right removes one wafer at a time
and hands it over to the inverter 163, which inverts the
wafer. The inverted wafer is passed from the right robot
101 to the 1left robot 101 and 1is transported to the
workpiece handling device 143 of the polishing section 130.

The wafer on the handling device 143 1is held on the
bottom side of the top ring 135 of the polishing unit 137
moving along the dotted line, and 1is transferred above the
turntable 133 to be polished on the polish surface 134 of
the rotating turntable 133. Polished wafer 1is again
returned to the handling device 143, 1is passed to the

inverter 161 by the 1left robot 101, and is washed and

inverted thereby. Then, the polished wafer 1is washed by the



contam nating substances, the entire polishing apparatus should be
contained in a closed housing, and the m st and dust particles produced
fromthe polishing section and cleaning sections are exhausiBEGOFMBER 2005
exhausting device, and chemcal filters are disposed in the ceiling for
supplying clean air into the room The pressure inside the facility is
kept |lower than the pressure in the surrfdéundi ng region (cleanroom, so that
contam nated air, mst and dust particles would not |eak outside of the
facility. Abrading plates are made of particles of high purity, and
particl e pcanbay reatd oslecsnga ey entast ing whshiogs ahdSdr yiSig theng pehkicslred
wafers before returning themto the wafer cassette, and therefore, .

cont am nabrorclmibed hl Isiod uwddmtrani adt sisandpuparand| eiiesd avoi ddte asdinhe

at nosphere in the cleanroomis not contam nated. 21 DECEMBER 2005 -47

| ndustri airpppl i caldl |is yr#herpedsamt thwenrighnploviadsstdare abradbngtpeat e
havi ng the sel f-stopping capability by optimzing the proportion of

abr asi ve paghitciredbotbilider afitgmortdst tyop nrime 1abradinpgepeat eolAspahigshi ng
apparatus using the abrading plate exhibits rapid |eveling of the surface,
but afterthRewadigrf dde hisepehg| endted4 1f moMes auwakerial thenbuantdbés not
occur. Therefore, the process can be controlled by adjusting the polishing
duration 434 thelievinge Whef slofittad [Ldnempranéd. PYRFOPRT ndheherPERSENENd
second stage polishing. nethod of the present invention enables to quickly
el i m nat edLERELNGr ebRPhriti%estPn the MAlShst §§E€Lp6RI shfndheandotprRirAe

second st age pol i.shi , surface materi al. remgval can be .
tgrn%agle fy% to pergorm congltloggng of the polish surface

134. It should be mentioned that the structure of the
turntable 133 can be any of the self-turning type, scroll
type or cup type.

This polishing facility can be used inside a cleanroom.
Because the polishing unit produces an abundant amount of
contaminating substances, the entire polishing apparatus
should be contained in a closed housing, and the mist and
dust particles produced from the polishing section and
cleaning sections are exhausted by an exhausting device, and
chemical filters are disposed in the ceiling for supplying
clean air into the room. The pressure inside the facility
ié kept lower than the pressure in the surrounding region
(cleanroom), so that contaminated air, mist and dust
particles would not leak outside of the facility. Abrading
plates are made of particles of high purity, and particle
contamination 1is prevented by washing and drying the
polishéd wafers before returning them to the wafer cassette,
and therefore, contamination by metallic contaminants and
particles is avoided and the atmosphere in the cleanroom is

not contaminated.



achieved uniformy on the entire surface by polishing under condition of
hi gh concentration of freed particles. The conbined polishing process
produces a flat surface quickly while controlling the thi cRhbPECEMBER005
remaining films by renoving the surface material uniformy fromthe |evel ed
waf er. The polishing nmethod is therefore applicable to precision polishing
of sem conduct or device patterned wafers., 21 DECEMBER 2005 - 48 CLAIMs: 1.
A nmet hod for polishing an object conprfé?ng: pol i shing said object by an
abradi ng surface conprising abrasive particles and a binder for binding
sai d abrasive particles, with supplying a first liquid not containing
abrasive particles, while producing a sliding notion between a surface of
sai d object and said abrading surface; and further polishing said object by
a second pHIUSHTAGL @mﬁkkﬁﬁQéhﬁﬁYsing pol i shing cloth. 2. A nethod
according to claim1l1, wherein said first |liquid conprises water or, active
solution. 3. A HFBEhod® &SI nEPYPEIB m REOWAEREI n28Bai 8PFRALNT | PdGitE
conprises ionized water. 4. A nethod according to claiml1, wherein a_ second
Tiquid isPeYpPSi edMuri gL Eaf BOPBAPAer FEFRHIY. Y A fREABHZ4BTor &g t o
claim4, wherein.said second . |liquid copprises g slurry containin%la%rasive
particl es PrEPOAHEH G Ty RECHarnt 1, PHREFE; ANdaPrBitbdt 11y $he
seniconduc%pr waf er ?aving rai sed .and depressed, patter.ns thereq

ol oning andadifatio T BYe N9 18] 281200 EP LSRR LENRY (IR S hrafind

plate exhibits rapid leveling of the surface, but after the
surface has been leveled, further material removal does not
occur. Therefore, the process can be controlled by
adjusting the polishing duration and the surface uniformity
is improved. Adopting the first and second stage polishing
method of the present invention enables to quickly eliminate
the irregularities in the first stage polishing, and, in the
second stage polishing, surface material removal can be
achieved uniformly on the entire surface by polishing under
condition of high concentration of freed particles. The
combined polishing process produces- a flat surface quickly
while controlling the thickness of the remaining films by
removing the surface material uniformly from the leveled
wafer. The polishing method 1is therefore applicable to

precision polishing of semiconductor device patterned wafers.



an abradi ng surface conprising abrasive particles and binder of binding
sai d abrasive particles; 21 DECEMBER 2005 49 top ring for holding the
substrate agai nst said abrading surface; a nmechani smfor p2bBECENPBER 2005
sliding notion between the surface of said object and said abrading
surface; a second polishing surface conprising polishing cloth; and a

|l iquid supply device for supplying a liquid not containing abrasive
particles to said abrading surface. 8. An apparatus according to claim?7,
wherein said first liquid conprises wafger or active solution. 9. An
apparatus according to claim?7, wherein said first liquid conprises ionized
wat er. 10. An apparatus according to claim7, wherein a second liquidis
suppl i ed dustMyy sai d second polishing process. 11. An apparatus according to
claim8, wherein said second liquid conprises a slurry containing abrasive
particles. 12. An apparatus according to claim7, wherein said object is
sem conduct or waf er 1havi Agnatapg etbrandl idépnessedbpattt epmpsristther eon. 13, A

met hod for,,polyishi ng:&npRi&Ct, havi @g)rsair%edsu@@slce d@&rrp%égﬁsig Pal,Let e t her eon
to produce a flat and mrror polished surface by using an abrading surface

conpri si ng2abrdSPyvarPart PLrEY HAd bénﬁ’rr}?desraldséf’ﬂasrf‘é’ﬁhéér’&b‘ﬂ‘ﬁlsv si"hg? 21
DECEMBER 20851 yieki ahiragstsal iduabj ect dntatipilgyiabgasitd airdifods, cont aé ni ng

abrasi ve B%gétilc(ilngsa fsq_rid%iéj%o%g.m %%QWgér{TPa Qggfa%g’ omialig cplgj%glﬁlcéunlg sgid
abrading surface; and
further polishing said object by a second polishing

surface comprising polishing cloth.

2. A method according to claim 1, wherein said first

liquid comprises water or active solution.

3. A method according to claim 1, wherein said first

liquid comprises ionized water.

4. A method according to claim 1, wherein a

second liquid is supplied during said further polishing.

5. A method according to claim 4, wherein said second

liquid comprises a slurry containing abrasive particles.
6. A method according to claim 1, wherein said object
is semiconductor wafer having raised and depressed patterns thereon.
7. A polishing apparatus for polishing a surface of a

substrate comprising:

an abrading surface comprising abrasive particles and

binder of binding said abrasive particles;



sliding notion between a surface of said object and said abrading surface;
and further polishing said object by supplying abrasive particles so as to
perform addi tional renoval of a surface material to unifor @l PEGEMBERZ005
specific filmthickness. 14. A nethod according to claim 13, wherein said
additional renoval of a surface material is perforned with said abrading
surface by supplying a slurry containing abrasive particles to said surface
to be polished. 15. A nethod according to claim 13, wherein said additional
renoval of a surface material is perforned by: polishing while concurrently
dressing said abrading surface with a |liquid not containing abrasive
particles, thereby to generate free ~abtasive particles therefrom 16. A

met hod according to claim 13, wherein said additional renoval of a surface

material is perforned by: polishing using olishing cloth and a slurry
Containing  abrasi vEBarPPeIEs Po19 oAt RO| DR P ABPRTTUSTbACEBHI Bhi ng

surface ofsuafiaceobj ect, said apparatus conprising: a holder for holding said

obj ect; an abradi ngaSHéJh%@s&ogmrwsaagi@&raagw&ngaﬁgé%'neﬁem%na_th@i nder; 21
DECEMBER 2005 - 51 a nechanism for pressing sal surface of said object to

sai d abr adA§EEUPrE agE WRP) & prBdudiAgar 38 reli g TA%ti on over a poli shing
interface; a deviceaf edcouppdMisign@ duirfad< cBRpriGARL abdliBgivPIASLNE
particlesa%g said polishing interface; and

a liquid supply device for supplying a 1liquid not containing

abrasive particles to said abrading surface.

8. An apparatus according to claim 7, wherein

said first liquid comprises water or active solution.

9. An apparatus according to claim 7, wherein said

first liquid comprises ionized water.

10. An apparatus according to claim 7, wherein a second

liquid is supplied during said second polishing process.

11. An apparatus according to claim 8, wherein said

second liquid comprises a slurry containing abrasive particles.

12. An apparatus according to claim 7, wherein said
object is semiconductor wafer having raised and depressed patterns

thereon.

13. A method for polishing an object having raised and
depressed pattern therecon to produce a flat and mirror polished
surface by using an abrading surface comprising abrasive particles

and a binder, said method comprising;



a surface material renoval device for perform ng additional material
renmoval by supplying abrasive particles, said device integrally nounted in
sai d polishing apparatus. 18. An apparatus accordi ng to cl a2inDECEMBERg005
said surface material renoval device is a device for supplying a slurry
cont ai ning abrasive particles to said polishing interface. 19. An apparatus
according to claim 17, wherein said surface material renoval device is a
device for dressing said surface of said abrading surface so as to produce
free abrasive particles. 20. An apparagus according to claim 17, wherein
said apparatus is provided with a first polishing neans to perform
polishing while supplying a liquid not containing abrasive particles to

sai d polishingodntsghhacesidnchRc8ee9NG LRl §:$RI N MBRAS 1ot PebhosiNingo!l i shing
whil e supplying a slurr contalnln% abrasive particles to said polishing

i nt er f ace. 2?2351V PAPPAT A UL CACT T HIRG Y CHEF P70 wh®t ditn PEATHF*86r Adi ng

surface caomprisesuaisurbaoceecof aapuaficadbigsgpldtdject and said abrading
surface; and

further polishing said object by supplying abrasive particles

so as to perform additional removal of a surface material to

uniformly remove a specific film thickness.

14. A method according to claim 13, wherein said
additional removal of a surface material is performed with said
abrading surface by supplying a slurry containing abrasive particles

to said surface to be polished.

15. A method according to claim 13, wherein said
additional removal of a surface material is performed by:
polishing while concurrently dressing said abrading surface with a
liquid not containing abrasive particles, thereby to generate free

abrasive particles therefrom.

16. A method according to claim 13, wherein said
additional removal of a surface material is performed by:
polishing using a polishing cloth and a slurry containing

abrasive particles.

17. A polishing apparatus for polishing a surface of an
object, said apparatus comprising:
a holder for holding said object;
an abrading surface comprising abrasive particles and a

binder;



21 DECEMBER 2005

a mechanism for pressing said surface of said object to
said abrading surface while producing a sliding motion over a
polishing interface;

a device for supplying a liguid not containing abrasive
particles to said polishing interface; and

a surface material removal device for performing additional

material removal by supplying abrasive particles, said device

integrally mounted in said polishing apparatus.

18. An apparatus according to claim 17, wherein said surface
material removal device is a device for supplying a slurry

containing abrasive particles to said polishing interface.

19. An gapparatus according to claim 17, wherein said surface
material removal device is a device for dressing said surface of

said abrading surface so as to produce free abrasive particles.

20. An apparatus according to claim 17, wherein said apparatus
is provided with a <first polishing means to perform polishing
while supplying a liquid not containing abrasive particles to
said polishing interface; and a second polishing means to periorm
polishing while supplying a slurry containing abrasive particles

to said polishing interface.

21. An apparatus according to claim 17, wherein said abrading

surface comprises a surface of an abrading plate.



