| DESCRI PTI ON ABRADI NG PLATE AND POLI SHI NG METHOD USI NG THE SAME . Techni cal
Field" The present invention relates to an abrading plate and a nethod for
pol i shing an object such as sem conductor wafer using the abrading plate to
obtain a flat and mrror finish. Background Art Recently, as the density of
circuit integration in sem conductor devices becones ever higher, circuit
patterns are becoming finer and interdline spacing narrower. Especially,
since the line width becones finer, the depth of focus , of the stepper
beconmes very shallow in photolithographic reproduction of circuit patterns,
and the surface of the wafer plapedcatipri®on ocal plane of the stepper nust
be flat to produce the required degree of inage sharpness. A nethod of
obtaining a flat surface is to polish the object in "a polishing apparatus.
A type of conventional polishing apparatus conprises a turntable having a

pol 1shing ¢l Ol afith s (SR MV $i87NE" AESAGDAVATRG! TR shuent abl e wi th

a given pressure whi e poli1shing object 1s held therebetwen, and
supplying a polishing solutlon to the interface to produce a flat and
mrror polished surface. This approach is called chem cal nechani cal

polishin 2 LFi e 1 shows essential parts of an exanple of a
conventlgnaﬁygkﬁlagggga us. The apparatus is provided with a rotating

turntable 5 ha%h%?p%é%@&f$@d¥£ﬂ%f&ﬁ‘f%fy€85a§oaan 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 in
semiconductor devices becomes ever higher, cirquit 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
£urntab1e having a polishing cloth and a top ring which is
pressed against the turntable with a given pressure while
the polishing objeqt is held therebetween, and supplying a
polishing solution to the interface to produce a flat and

mirror polished surface. This approach is called chemical

mechanical polishing (CMP).



urethane cloth; a top ring 1 holding an-object 4 such as a sem conductor
wafer 4 against the cloth 6; and a spray nozzle 9 for supplying a polishing
solution Qto 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_speriphery so that the wafer 4 would
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 within the hol ding .
surface so that the wafer 4 would not ,junp outside of the t ring due to
frictional forB&gugethlt domsot RSBl FACES nghL 78 seifi?&ﬁof%do%n 3
spherical bearing 7 _so that it can be tilted with respect to %Qe s@gft 8.
Wi | e hot@nHgNEAENAAS EME4 apPPATRL WDt t oFISuPPRAE 35St RAREHRA it tB of the
top ring 1, wafer 4 is pressed against the_cloth 6 on the turntable 5, and
t he turnﬁaMDé&iLﬂﬁjﬁqﬁﬁtQQkﬁrﬁngailﬁﬂeaiEB&&@H&@HtF&qgﬂzﬁeﬁp &% fo slide
the surface of the wafer 4 relative to the cloth 6 to polish the wafer 4.
In this vaeshaaepsliosiing? sbPBt XaRIQL Nk ¥ PPIRFENE FFA A3 R0 the
top surface of the cloth 6. The poljshing solution conprises abrasive

parti cl esemiigpndugisite, vaggeh 4s %SQHQﬁi-ng@icFéthSU§beﬁﬁﬁh An BA*@Ykal i ne
solution, which have two effects of CMP_for ,sem conductor wafer, -3
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pol i shing using abrasive particl]es. However, the conventjonal polishing
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ring shaft 8, and the top ring 1l 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 of the
top ring due to frictional forces with the cloth 6. The top
ring 1 is supported on a sphefical 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 riﬁg 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,



particles presents two operational problens. The first problemis that,
during the initial stage of polishing, raised regions of the surface
structure is preferentially renoved, but gradually, depressed regions are
al so renoved. Therefore, irregularities of the surface is difficult to be
decreased. It is considered that this shenomenon in CW is created because
arelatively soft cloth is used along wWwth freed abrasive particles ..
contained in the polishing solution, so that not only the raised portions
but also, the depressed portion of the _surface structure are also .renoved
by such GBPBifd E§i¥%ﬂkﬁﬂ ¥R e2B PLkding 0 1WAIP pr bF eFXABP 1eHe
conventional CWP, which shows , irregularities, caused Qg a raised portion and
depr esse@ndpBefhapisals RotdSd g HINTIARAS K8 RILFECHESthe vertical axis
and relative tinme on the horizontal axis, As. jndicated in this graph, at a
relative time BPWEVEE . rchBR L£QREFRL EPNAL Y BPREESE By AELRIRES r fkse§MPegi ons
are polished froma height of about 27,000 angstrons to a height of 16,000
angst r on8S1pgt suEh dépr%g%%'éﬁf r 8GOS OR eCANERLPONT s HEHNGTDIHS Qg,reéeve
angstrons to_ 16,000 angstrons, at which point, the irregularities are

el i m nat BAYLEF §B8Fe PETASENES taipr PREA T InTF] IRCRYeBS fi ne surface structure
inan initial stage,, Figure 3B in a mddle stage, and Figure 3Cin a final
stage of poliThengiras pmokdEmaticy Ghat hedr 1vg aWiPginithal- gtage of
irregularities are very difficult to be removed, and consequently, it is a
ti me- conBAAi-AGLBPer atfifdFedThed eHIR Rhbl e r et R BACEo BBEHCHHYS is
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also removed. Therefore, irregularities of the surface is

difficult to be decreased. It is 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 aré also l
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 this 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
20,000 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



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

| i beral quantity to the polishing surface. However, nobst of the solution
supplied is actually discharged as a waste solution w thout contributing

much to . the polishing process. Polishing solutions used for high precision
pol i shing of sem conductor devices are expensive, which is a factor |eading

to a problem of high polishing cost. Al so, because such polishing solution
inaslurry condjtjon contains a large quantity of abrasive particles such
as silidFyRgHiarekles hedhhi nf’@ﬁgncglgfff%f]ﬁ ngéloen(??roﬁﬁglﬁtveidg apﬁncfo be
difficult. That is, contam nation of solution su %L system and dr ai nage
syst em I3PRIRAUGRF}IY, 1§ é%r?oEé@eaﬁBnﬁﬁﬁlﬂﬁsPBe§gl&gpon nust al so be
treated extensively before-. discarding. -A so, after a CNP process,, the
waf ers are wasi®l E8CPBApBE AHEMF AT §&|R9%ﬁ,aﬁﬁteqﬁﬁ§4hﬁﬁQ; ter
fromthis operation also nust be treated in a simlar ner and poses an
enviromﬁﬂﬁ%ﬁdQﬁ%ﬁ#QM$-Ei?Bﬁo§@ﬂéﬁﬂiqgnﬁﬂﬁq?ﬁpWbl§oP§EgEﬂ¥ &b Ek%cribed
problens,. it is therefore an_ object of the present, invention to provide an
abr adi nFOPrakBinG A af HRe hddl SR NGOVABT abPadNFGePFACE if UL HefMeitial |y
removing only the raised regions in a. -5 patéerned_seniconductor waf er

havi ng fa inifeEply af 12k esurfasei et B4IBn IR 180rf dde 15aMFCFRAFY NP
irregularities are elimnated, the abradin | at e has sel f - st i ng
functi orffURRL %t Bpepsedaddiony i ?hglEGFP hi Qﬁ&?%mﬁ?cgpﬁyPQQ&ﬁ 9 obj ect

of the present invention is to prqvide . ) .
%urface. However, mostpo% tge 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 aprasive particles
such as silica particles, the maintenance of working
environment i§ 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. . Alsc, 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 methoed using the abrading plate for

preferentially removirg only the raised regions in a



a polishing nethod and an apparatus using the abrading plate, which easily
enables to polish additionally to renove- a certain filmthickness
uniformy after height difference is elimnated by polishing. To achieve
t he object of the present invention, there is provided an abrading plate
whi ch conpri ses abrasive particles haging a chemcal purity of not |ess
than 90 % (preferably higher than 949 and a particle size of not nore
than 2 gm (preferably less than 0.5 9n); a binder material; and a given -
vol unme of porosity, wherein a ratio of the abrasive particles and the
bi nder materiraied s semdcowiuetor wafer |hasinharfineg Pyrregwias {BIRS bi nder
material per 1 unit of the abrasive particles is not Iless than 0.5 unit),
and profabrioested abr dbeveurdeces| end a Whedethaaisregulagdt 18§ ey are,
respectively, not less than 10 % not nore than 60 % and 10-40 % by vol une.
Accor di rd ind riateedy eskat abmadinigoplatie s adi agl-ateppinds st has an
optim zed conposition of particles, binder and porosity by volune, so that
rai sed rnegiswtgp gfrodeed pogi shi hyespolasbing ponsbaasacidllyy renoved fromthe
object surface-and depressed regions are not renoved. Therefore, after the
rai sed regi ondireohdrt abbgeet arfid thiee mrefente bagenbiéennsds| &eelprasoiiig nued
polishing will not proceed to change 6 the filmthickness of the surface
st ruct uree.pcSticgipimg methodnandl anasppacdbiusi saing Abki ebsaddmcopdiiteal |y,
and is terned a self-stopping capability. If the abrasive particles are in
excess owhidie kiasddy emablesl te polish additionally to remove a

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 abrasive

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 uUm); a binder

material; and a given volume of porosity, wherein a ratio of

the abrasive particles and the binder material is 1l:x, where

"X is 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 1less 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



i nsufficient, abrasive particles are easily self-generated (released), so
t hat abradlng continues even after a |level surface has been produced, and
t he sel f-stopping function cannot operate. |If the anount of abrasive
particles is insufficient or, binder material is in excess, abrasive
particles are difficult to be self-geqqgﬁied (released) and polishing rate
I's reduced so that polishing capacity is decreased. Simlar tendency is
applied to porosity, and it is preferred to have 10-40 % by vol une or nore
pref erably 15 30 %.by volune _to give the self-stopping capability to the
Bbr adi ngtHR afEIM) FCkAeRrat, o TRFRGRr S5FEG HRRes  SREPREPLUIT pl ate
too soft and pronotes generation of released gartlcles ile tog ljttle
por osi t FeRRERL t KateapFaarAELlANatks t EM&VES 02BFeRBEAEFE 1Tel fa@‘gne\f%t i on of
freed particles (.released).. Because the particles --are-.less than 2 /Lm
in S|zetﬂﬁﬁmkesaof%ﬁ%@ﬂﬁﬂﬂﬂ&}@%e GapabihtBY - r educel, Bﬂﬁltab%ﬁﬁﬁ%ﬁerable
to use partlcles size of |less than 0.5 /2m In general polishing rate is
i ncr eas RRIRATERS ngade | dklye BUABEF ofPk el BASed LIRSS vemﬁ‘é?ﬁlélles %Eh t he
sliding interface. Wen there are | esser nunber of_freed abrasive
parti cl NSyl isHeMy r absaisd Ve RABHIChRE AdFer et btBsSitld - aai85a8.d nanel y
t hroughput is reduced. Accordingly, when the surface of the sen1conductor
devi ce patekgarafaf 8P Iﬁ‘?athaépﬁadﬁ-aﬁsé@r&rfé‘%%@g?% 38 ond LWt i shed

by the abrading plate, a high surface 5 sure | agglled to the . raised
regi on cTUEfRCSaPas Hfiﬁ‘%fhe%BFi&&ieﬁg SR al8CofSE pping function

cannot operate. If the amount of abrasive particles is
insufficient or, binder material 1is 1in excess, abrasive
particles are difficult to be self-generated (released) and
polishing rate is reduced so that polishing capacity is
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. 1In other words, too much pcrosity 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 um.

In general, polishing rate is increased by having a
large number of released abrasive particles in the sliding
iﬁterface. 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



abrading plate, thus the raised portion bite and shave the abrading surface
of the abrading plate to release the abrasive particles through initial
stage to final stage of .the polishing. A large nunber of abrasive particles
are released and produced during the polishing stage, thus polishing
proceeds at relatively large polishing-fate by released abrasive particles.
Therefore, in the final stage of polishing when the surface has becone
| evel, the wafer has little raised regions. Left on the wafer '"to bite into

From the SUPRS neestate, 2hd (ReeEePPEl ettt T B itnd Bl athg
br aci ve parPRARo P LHEE T O8O SubRrpeRtasa r A uts  PRELHAS LD o hene.
and pol | ERERE It £ Bbe Blert Tty BV rtihy P61 691 d8TE o 198 88 ny
plat . _pTBRR LT B S Sor ol Ve artl eoss, B iop L I SR poPgs] 1y
10-40" % Tor epananl 5oRERLE PEY e Unktandpoch{otR, tho Talniase ahe
Self'5t099£9919@p§Qf€f61§§,gﬁ?&ﬁéQeQnﬁgg%i'stage to final stage of
the polishing. A large number of abrasive particles are
released and produced during the pelishing 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 131

le 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 poiis‘hing,
sliding interface shifts its location constantly, the
residual relea;ed 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, respecfively, 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



It is preferable that an abrading plate is conprised by abrasive particles

havi ng a
% ; and

particles, a binder material and porosity. Accordingly, the abrading plate
nmade by such abrasive particles that cag _be obtained easily will present
little danger of contam nating device wafers (patterned wafers). A nethod
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chem cal purity of not less -8 than 90 % (preferably higher than 94

it is preferable that the abrading plate be conprised by such

nted for polishing a sem conductor device wafer, having fine
ol i shing surface, using an abrading
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to t.he method, the characterjstic feature of the self-stopping
%&ratdhé‘g RS mQEFa&Yngs‘fﬂfht abraplpe particdiesecthat canbde

i.n .polj shing the. sem conductqr, device wafer. Al so, the present
PESRING] (RPHTLY Wi

d _an the _surface includes
%ﬁmﬁﬁfi%?Qﬁ%%szgaFGeﬁpﬁguHé%ﬁF@ﬁo-rough surface, and rel eased

urface are renoved before
onto

g%%ice wafer, having fine surface structure fabricated on a
polishing surface, 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
ﬁresent 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

nBEEEERT ddhitde \RAngemaef ngontasisatisiqr es
feature that an abrading surface of an



reached a stabilized condition to polish a bl anket wafer (a wafer covered
by an overall film at a sufficiently low 9 polishing rate. This procedure
is effective in generating the self-stopping capability. Al so, the present
met hod of polishing of sem conductor device wafer having fine structures
fabricated on the surface includes g¢eature that the additional surface
renoval is performed with an abrading plate using a liquid not contai.ning
any abrasive particles for a specific duration, followed by additional
polishing using a slurry containing abrasijve rtjcles.to the surface to be
pol i shedOl BN FRESHur af DoR P§°§%61l5‘|r§t ioh ng???t?‘é'ﬁt or99HeE it %ce to
be | evel ed by renoving.the higg,ind | ow spots. According to this nethod, it
enabl es T el 1REQBRANGLFEBPRG L e to obtain additional surface renoval
by using a sluryr containing a | arge ampunt aof . released abrasjive
particles. B © ?%?spﬁﬁﬁggﬁiﬂﬁt' dc 2y iPed 1§HL % Gy SEARSRC TNt ai ni ng
a | arge anount of abrasjve particles, surface reﬁg%ﬁy can pe achieved in a

rel ati vél§VidRr tY3T®E t Ba¥BPgi nf128de STEFHINSH ¢t nédEeoy ! tHE present

met hod of polishing of sem conductor.. _device wafer having fine structures
fabri catBt A ¢ hel NGt d4ge ?ncg%@ér% f’été?'%reteq%atac[ t’a‘Hbe?Jt i cﬁ%fsaéiﬁface

renmoval is performed usjng ap abradi ng plate and | iquid_ not contajning
any abmﬁﬁQé§$%rPFcH§§ %AgﬁéEPfPB 4%5%§1QﬂLPf%ﬁ?oﬂﬁﬂnﬂyﬁmﬁﬁQQH%al
pol i shing using rel.eased abrasive particles, being produced from concurrent
dr essi nd'?mbf FHRTABPARINg ANYat e@bﬁ?’ﬁ%"‘ﬁet ﬂ%ﬁtéﬁgﬁgesfPE ufe tsr%e%“atﬁ’ec

duration, followed by additicnal 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 using a slurry
containing a large amount of released abrasive particles.
Because this polishing is carried out using 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 béing 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




abrading plate so that the rel eased abrasive particles, being produced by
carrying out dressing concurrently with the polishing by abrading plate, are
used to .obtain quick renoval of the surface material, thereby raising the
polishing rate. Therefore, it is not necessary to have additional facility
such as the polishing solution supply device so that a regular facility
based on the abrading plate can be usgd to perform additional surface
renmoval .. Al so, the present method of polishing of sem conductor device

waf er having fine structures fabricated on the surface includes a feature

t hat additi f. b [ t d a d
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Figure 4A andﬁiéﬁp'éhge§£éggg %E%WBH”O%'%%&%S%%ng of semiconductor

device wafer having fine structures fabricated on the
surface 1includes a feature that additional removal 1is
performed using an abrading plate and a ligquid 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
conventicnal polishing apparatus.

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

Figures 3A-3C are illustrations 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.



-11 Figure 5 is a cross sectional view of a scroll type polishing apparatus
of present invention. Figures 6A, 6B are schematic diagrans of the essenti al
parts of an enbodi nent of the scroll type polishing apparatus shown in
Figure 5, respectively, and Figure 6A shows a plan view of a scroll _
mechani sm and 6B shows a cross sectional view along a plane A-Ain Figure

6A. Figure 7A is a schematic illustration of abrading plate, abrasive
particles and polishing surface, and Fildure 7B is an illustration of the
rel ati onship of the polishing pad, abrasive particles and a polishing
surface of a substrate. Figures SA, 8B are illustrations to show the

effects of papihghe S z@som tdeoss r eestdioslali bridwnofand ségole 8fpeshows a
case of large siZed particles and Figure BB shows a case of snall sized

particl ego1fkfing Agpardtdd oKiplegsmphiniembiadi ng plate paraneters
involving abrasive particles, binder and porosity (volune ratio) to

indi cate a regreguBedf 6par FLtfs dSMem@Pie NWiageafior onthef essential

sel f-stopping.. Figure 10 is a graph to show the polishing characteristics
of . an abPa%Bg Rt eaavimnBo8ehbnst ORE NEheapabidily. tFpgur eellishAihtC are
I I'Tustrations of progressive changes of irregularities during polishing
accor di ngppheah® SRbANITIY hguzel o5 Stisspertc trladi ngngl AT EyshawEA n

mae ihows a plan view of a scroll mechanism and 6B shows a Cross
sectional view along a plane A-A in Figure 6A.

Figure 7A is 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 6f a
substrate.

Figures 8A, 8B are illustrations to show the effects
of particle size on the stress distribution, and Figure B8A
shows a case of large sized particles and Figure 8B shows a

case of small sized particles.

Figure 9 is a tri-axial graph of abrading plate
parameters involving abrasive particles, binder and porosity
(volume ratio) to ipdicate 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 illustrations of progressive
changes of irregularitieé during polishing according to the

polishing characteristics of abrading plate shown in Figure

10.



-12 Figure 12 is a graph to show the polishing characteristics of an
abradi ng plate having no self-stopping capability. Figures 13A-13C are
illustrations to show surface elevations obtained by the abrading plate
shown in Figure 12. Figure 14 is a graph to show changes in the polishing
rate of the abrading plate after dressing (roughening) of the abrading

pl ate surface. Figures 15A, 15B are schermatic illustrations of the dressed
abradi ng surface, and Figure 15A shows a case of a |arge nunber of residua
particles, and Figure 15B shows a case of a negligible nunber of residual

articles. Fi ‘ 6A-16C o af,l S agh di ;
Eigure 16A isgwﬁﬁ?ééﬂfigtog%gng?pgigtégg 18%?Vl%@@HihZngaLm?¥ﬁ§§%£§Ieft
col um | { - Sk oppi ] - i 4 ' | yshi , Wth
pol i shi ng s ot s 2EGs (SETAR Frafify pIATE haihg APHert iy

m ddl e SE: Jéﬁgﬁ%&ions in filmthickness, with polishing tinme on x-axis
and fil mtm cKness on y-axis; and the graphs on the right colum show

| mTHERHESS' on y-axis; and the ght .
var e (80) and RIS (TR e, (PRALAOROR Y SR, St

P e e I
and Figure 17D shays, afyy ULLT 8SQaph &S 'bw changes in 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 1is 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 (Dl) 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.



- 13 Figures 18A, 18B are diagrans to illustrate the nethod of polishing in

the first enbodi nent of present invention. Figure 19 is an illustration of
the changes in film thickness during the first stage polishing and the
second stage polishing. Figures 20A, 20B are illustrations of a nethod of

controlling the filmthickness, and Figure 20A shows tine based control and
Fi gure 20B shows thickness based control. Figure 21 is a schematic di agram
of a switching nechanismfor changinglﬁron1a | i quid Wcontaining no
abrasive particles to a slurry Q containing abrasive particles. Figure 22
is a flomchart of the switching process for changing froma liquid Wto a
slurry Q Flgur%lQ@r$$lm§Bﬁaﬂ§§ areediagrafspdia shlilnstirate seeonetthod

enbodi nment . fure 24 is a schematic diagramof a switching nechanismfor
dr essi ng @pepativhingrigutbe2firstaefmbodomant of pvesswitt dmventiacess for
the dressing operations. Figures 26A, 26B are illustrations of a nmethod of

polishing in a Eigureedodisrenn. ﬂlkpﬁtriﬁlom afpltde vékangésanrexfinphe of
the polishing apparatus suitable for the nmethods presented above, Figure
28 is a pehbpleresse durandf thaottiastexstpge obliilsding | amd nghaops\eemmd
suitable for the nethods presented above. -14

stage polishing.

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

Figure 21 1is a schematic diagram of a switching
mechanism for changing from a liquid W containing no
aprasive 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 is 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 illustrations of a method of
polishing in a third embodiment.

Figure 27 is 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 29 is an enlarged plan view of the essential parts of the apparatus
shown in Figure 28. Figure 30 is a plan view of the overall structure of an
exanpl e of the polishing apparatus applicable to present invention. Best
Mode for Carrying Qut the Invention in the follow ng, preferred enbodi nents
will be presented with reference to tgﬁ drawi ngs. Figure 4 shows an exanple
of the polishing apparatus of the preSent invention. The apparatus
conprises: a turntable 5 having an abrading plate 15 of about 60 cm
dianmeter in stead of a polishing cloth the a nozzle 10 for sgf | yi ng

reon;
wat er or an act F¥guEs 3cﬁ5wﬁﬁt¢ﬁﬁﬂr%ﬁﬁa9&9§ W% i eF e SNGUr £ PR Lhi ng
ot her conponents such as top ring 1 far hal ding wafer 4 are the sane as
those i n PREtScBAVERE GRRATASHS ’%HGWW%QFqﬁgihﬁaln The reason f or
supplying a polishing solution Wsuch as water or an active solution_ is to
provi de |ubricaftgHTE 3hel®| RdPAGN &Y Rk, theooyromdte IHAATRHE r@bcti ons
at the sliding interface, and _{o renove heat generated hy polishingpfor
cool ing. @At 8xaBpleaQf ViehdoPRl1BR10gi ABPAGES YaCARPRIHARIEh i BFEPRR oW to
about 1, alkaline solutions with pH up to about 12, buffer solutions,
surface atBV@BESPE- oxidizing solutions, reducing solution, ultrapure
wat er, and electrolytic ionized water and the like. As an exanple, the flow
rate of water may be 200 ml/mn. Water may be ultra-pure water so as to
exclude | rities-. fer 4 as an j ect _of polishing is pressed -15
agai nst tﬁggﬁbpﬁaﬁn§°§u &Ed 00 e %%%éiqﬁf e 15 through an el astic
mat 2 pl aced InIhheeﬂgjrfé¥héWi§§F preferred embodiments will be
presented with reference to the drawings.
Figure 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 c¢loth 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



rotated by the drive shaft 8 The turntable 5 with nounted abrading plate -
15 is also rotated independently, and the abrading surface of the abrading
plate 15 forns a sliding interface with the surface of the wafer 4 on which
polishing action takes place between the sliding and pressing surfaces. The
pol i shing apparatus shown in Figure-45has an 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

mrror ;bilingh G 2la3R AR idseGurdadSURE t YRS abieldidey a e | 1ype or
cup typ otnher than turntable type. The scroll type polishing is based on

hol di nggl&lsa%g\fgilgﬁ | dh s B¢ eqal?ol i A fead cenanghan @iy adiifg pipt @dpnded to

a base the two parts are slid in a circular and transl ational

mot i on el %t(-:{dv Ebe\} O R@ChriBeshathe aup theruPRtashens WS thasehred
cup-shapeél plate or a ring-shaped plate held in a plate-holding device and

the waf@l-ddidd M Aliteatifchad §psé hedtatedli sadepadealtilshi ngnaurdtace of an
obj ect I's pressed agai nst the abrading surface of the plate and scrolled to

produce;3-POlshiAPra6Li ¥F thet BBFadIYRED1 e apparMttesa Alialing is
possi bl'e to use a self-stopping function to stop polishing automatically

when t he difRMIAEH | G M4 @r ehéd §atele ThBuEEs Bnantidh pRR idHiusjrate a
circular an transl ati onal notion nechani smof a scroll type polishing

appar aty¢siddd ahed fPicéi bethdéh VEle a0TUid1AgShAll ppabsingi surfaaes .t hat two
surfaces only produce translational notion with circular or the |ike

novenent withoid @RANGNIGg t Appaelhaiisve showant ahi oRighnesuth Baslesign, the
abrad nagbrading 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 1is 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. 1In these types
of apparatuses.also, it is possible to use a self-stopping
functioﬁ to stop polishing automatically when the
irreqularities 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




pl ate needs to be only slightly larger than the substrate to be polished.
Therefore, it is possible to produce abrading plate of highly flat surface
easily, and the drive notor can be small, and the apparatus can al so be
made snal |l er and conpact so as to save the floor space. The apparatus is
conprised of a translational table section 31 to provide circular and
transl ational notion, and a top ringB®-for holding a wafer 4 with its
pol i shing surface facing downward to press the polishing surface thereof
agai nst the abrading surface of the plate. The translational table 31 is

suppor t gdt@bnt & Hr thaRr eewer spk€aalkesl aswly opsolyce stypeslapiensl 35,
extending inside in a ring-shape, provided with a support section 36 at

the topmétiancasitly) Sfrd@Lst Nera Uiy 01ildd mbveflentowishpiuy tcrangked di sk
37. The top surface of the support section 36 and the bottom surface of the

fixed digk Ielaieivereyidadavibh.corrgspanti ng depigssi ane 38 radingaced
apart evenly in the circunferential direction, housing respective bearings

40, 41. pBgaei Aeed40.tod berion 150 WIEG A oYl drganorutent it nerhet rdde whose
shafts 42, 43 are separated by a distance "e", as shown in Figure 6, and

whose ep@s pald sherber tBfeief®rs heit espepbisedbheationgroditee fakeddihgk 37
t hus undergoes a circular and translational notion along a circle of radius

"e". -1plibe bifxedghlsk 14t Surdiateeddnilyhe ami arhe3mhoseamosdaf¢ad5 has an
of fset drive pin 46 which is inserted in a cavity 48 through a bearing 47.
The of fset sawall} aadt ethe sappagattibe cdirst abse 'be’ .mdde soedled3 asdhoused
nthe 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
hdlding 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 ﬁeripheral 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

circle of radius “e”.




not or chanber 49 in the casing 34, and the shaft 45 is supported by top and
bott om bearings 50, 51, and is provided wth balancers 52a, 52b to counter
bal ance the offset. The fixed disk 37 has a radius which is slightly [|arger
than the wafer 4 by the offset amount "e", and includes two bonded di sk
menbers 53, 54. The two disk mnenbers forma space 55 between the disks for
flowing water - or solution to be suppli%p to the polishing interface. The
space 55 comuni cates with the squtidﬁ-§UppIy hole 56 fornmed on the side
surface and conmuni cates also with a plurality of liquid outlets 57. The
fixed disk 37 has an ., abrading plate 59 bonded to its top surface. Liquid
outlets 57 forFRd dixadk %ngi% bb atiot BEE obY eSHhdmesorhed 3 dwbehar ge
hol es 58 forped on the fixed disk 37. These discharge holes 57, 58 are

normal |y &kt i dar ddsevihl 9ILaeE0dE ivge Hilk el dWBACB7 igndiranetRchgipl ate 59.
The top ring, 32 sgrves as a pressing tool for the wafer 4, and is attached
to the siEAYLHY 48 JdDEPPor i Peaning n? wi t Fheespieset o ameaniol ishthe
surface of the wafer 4. = Top ring 32 is operated by an air cylinder (not
shown), a¥fftei &Sy othg edUSFanee dré've nBN6r MIEPE hd3shd t heBsednelmathe 4 s
attached to the base hol ding, section 61 of the top ring 32 with the elastic
mat 62 | MALeniGHFMRETed? the (W08 ¢85408f atbs. amkk EASI ngh3fit ndS ais
sol ution recover% t ough 63 attached to its outer surface at the top. The
process ofURRPYS @néyu PRy 2'Fe BRSO DR LANGS Wl 41 She 30| &8 nRBCHRASd. The
nmotor 33 is rotatfed to opera he fixed disk 37, and the wafer 4 attached
to the td%f;qﬁaggincers gga, §2L to counter %alance the offset.
| The fixed disk 37 has a radius which is 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 surface. Liquid outlets
57 formed on the 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



I's pressed to the abrading surface of the abrading plate 59 bonded to the
fixed disk 37. Polishing liquid is supplied to the polishing interface
through the liquid supply hole 56, space 55 and di scharge 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 transl ational notion
of aradius tie" is generated betweeﬁ{qﬁasurfaces 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 @&ugfEacast Mbealcatiingridhchasi a tdod utsitan erefovery abradighg &ur f ace
wll affect the polished surface, and to avoid such an effect, .the top
ring 32 iadtAdWd) tottedbyertserfage atathepbbpshing is not perforned in
the sane spot. The abrading plate used in the apparatus has a sel f- stopping
capabi lity, whildle QuResdloEnpabishinganstayl ghewped ishdnigr nadal ariilili es are
elimnated fromthe polishing surface. Abrasive particles nmay be an
ultra-fike pomlaingd keldwm ofhge motes2)33 aksl rokabedder bpezapel Wiz ic
resin such as polyimde or phenolic. Abrasive particles may include S 02,
Al, 03, er@eedw%skaaa,mm@aﬂhm waltkY | dnatsached Wi ke stomy rilngl Wk ot her
-19 polyneric resins such as urethane, epoxy, polyvinyl alcohol resins, in
addi ti on itSo RRSASA dEC ok hphehsRrdiag sar GEP‘¢hedéb§aﬁin9dpﬁ9Uﬂuﬁ%ature
of the filns formed on the senjconductor wafer, and Conpatibility of the
abr asi ve boglad ctesthpet Hixad ijier37- Polishing liquid is supplied

to the 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 irreqularities are eliminated from the polishing
surface. Abrasive particles may be an ultra-fine powder of
cerium oxide (Ce0,), and the binder is a polymeric resin
such as polyimide or phenolic.

Abrasive particles may include Sio,, Al,0,, 2r0,, MnO,

and Mn,0,, in addition to Ce0,. Binders may include other




Abradi ng plate has a very high hardness (extrenely high elastic
coefficient), and therefore, the size of the abrasive particles directly
affects the extent of the surface damage conpared with normal CMP using a
pol i shing- pad. For exanple, as shown in Figure 7B, normal polishing- pad 20
I's soft conpared with an abrading platg 21 so that a vertical load wll
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 becone concentrated on the abrasive
particl ePAYMELG oREEABE, SURD: /6 cisetbanapr aaPKY ., piodvey inyl azledlboh in
Figure 7A, the abrading plate 21 is_ considerably harder than the pad 20 so
that it ti&ERfSottRod I He® wBPLYimidg e phreral ngesdnse i sCohost
totally |oaded on the abrasive particles 22. In other word, the stress

+

appl i ed ¥ eSENCIBLAE ePParthe| datrg sofi ghke thidkms t fermed t he Oure

process, and naturally the surface damage can be nore severe. A renedia

step is CSETRIBRCEEPhe YaEBEr oRDAhr §8MPAtiPAdiity] e9 22 the t Fabrasthe
plied wth reduced stress. For exanple, if the

abrasive particles 22 is a

particle r.grexqulses r‘éﬂ%eﬂh%yb&ﬁfe?o 0.5 umfrom2.0 ,u m the- nunber of

par 1 ol oe 1 Ll g lsien nereasea by BLe foldy o 2o LY oy

The. abr adRAl BERPHEPoEOHATLITIRL ORI HHIGRRTGRT 0 EhE THET odlci ThE L he

surface dymds Je "BLEILPALt AR rEDRTy! NakRECER%C O "YU Bt 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 wh;le 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 is 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 1is applied
with reduced stress. For example, if the particle size is

reduced by 1/4 to 0.5 um from 2.0 4 m, the number of

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




CVMP. From such a viewpoint, it is desirable that the size of the abrasive
particles be less than 2.0 9 mand nore preferably less than 0.5 /.2m The
abrading plate is used inside the cleanroomso that it is inportant not to
include inpurities therein. Inpurities (especially nmetallic substances)
adversel y- affect the performance of sepgconductor devices. Metal content in
polishing slurry has particularly severe effects on the device quality,
whereas netal oxides in the abrasive particles nmay also dissolve in acid or
al kal i ne spl ution toFEEroduce |l ons Metal lic supstances in ionic.,states in

the sl urPYO¥BI utPonfLaRTEP 1 Ble | ABo i ARDI ati nylRPH2 (FXFYBFTCsutPacd film
e R S e L v
Gesi rabl oTENSF SPRECHEES SESHEOMLE 1o RAUR RI%E T 19/ R (RBFAPLVEL her
exanpl o, PREFHBIERc BReCSRseatna Bitneg HArinhad 4P 10 TRAR88 Bhebut
there are_no.cases _that an abradin | ate uses abrasive partigcles_of _higher
than 90 9BIBERT By QaMATes i (RS VHFEH SRB° (ERANT OF RBFra @ neesRalyr oup
o n evBHPalt BETROHIH B CCRETOITACAL of CARTLERBLEL SRV ETS BhER the
uf i ont Tt S1% cRBEESERE dRRTHMT AT | 6% THCT olhrs, Bydudt il Athchdse
particlesppgfgggbﬂgrgeggthgg %KBUQE&Y (preferably higher
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 in the abrasive
particles may also dissolve in acid or alkaline solution to
produce ions. Metallic substances in ibQic states in the
slurry solution can diffuse into insulating Si0O, (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 Ce0,, the purity is
normally less than 50 %, but there are no cases that an-
abrading plate uses abrasive particles of higher than %0 %

purity. For slurries which are used for normal CMP, metal

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



than 94 %, contamination by netallic inpurities can be avoided.
Additionally, Na has a particularly adverse effect on the device
performance so that the Na concentration in the abrasive particles should
be kept below 100 ppm Rel ationship between the size of abrasive particles
(Ce®2) and the severity of scratches wys investigated experinentally. The
abrading plates are fabricated by using abrasive particles of CeQ2 having
average particle sizes of 1.3 ,u mand 0.4 ,u m As binder, polyimde

bi nder is_. d. _The, abradin | ates are fabricated by dry pressure shaping
met hod wi?%ui(gaft)plf‘regpﬁﬁnF?nngﬁ'Péguletvfns rtﬁﬁlserl LBy erlig ySoFLefmge
(nunber of scer!ar.gheagi %aused %0.4 Em %glrasi ve particles was 1/10 of that
caused by’ . 3SMICRPAUGERL) Malisn+i c[RED Boe dif n@ng??BrH‘ﬁnéé“Msedab‘é%t t he
same for beogh %i Zes, thus indicating that finer abrasjve particles sizeis
pref er abl x5 t T oAsiSRAFEt hBPM polModMiay VMaSPePForkedSBEERELRAF B9 t he
action of_abrasi V(-:-r}e articles fixed in thg abradi ng plate against the raised
regi ons JFCRNE® war'lt , G InaIgR. 1 nENBEREGRCef Phe 45T atREASEVE
particles released from.the %‘Fl att i né&egsl i di_ng}hi nterface, In the ‘
bol i shi n@ et HORES udiAd Wb 4ot fig thPR &0 bacUde he  REPAAFAGLEI dtier
conpar at i Vel rder. than_the.conventional polishing-cloth -22
(pol i shi ng* d;%'a4 t%é ’ab?%‘&lf‘ﬁ@lgﬁgf‘%%e R & dildice WOPRTitdgeh SaRy Bae
rai sed regi ons of t fer a .copparatively higher stress, thus, high
surface p eosls%?(g' a_%g?\i{'\géoflaﬂﬁe Ha; ggﬁ Fe@Rdid C Ut e SMeE 5% aaCt
det achment, of 8bTfAs) M PRLLESLRISECYS Bat MendCt e Shctieration in
the abrasive particles should be kept below 100 ppm.

Relationship between the size of abrasive particles
(Ce0;) and the severity of scratches was investigated
experimentally. The abrading plates are fabricated by using
abrasive particles of Ce0, having average particle sizes of
1.3 4m and 0.4 um. 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 um
abrasive particles was 1/10 of that caused by 1.3 um
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
plai:e 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



rai sed regions of the wafer shaving the abrading surface of the abrading
plate. The particles released fromthe matrix of the abrading plate wll
further induce polishing action on the polishing surface. when the
irregularities are elimnated, the nunber of released particles will becone
| ess, and because the sliding interface is shifting along wth the notions
of the top ring and the turntable, the2d- will be | ess residual abrasive
particles remaining in the sliding interface. Polishing rate is thus
reduced and sel f- stopping function of the abrading plate is acted.

Accor di ng gadl idteipptpad) ng utet hadrayd ialy adunfapkatef iodi glidge i svicarri ed
out without a slurry solution containing a |arge anount of abrasive
particl exoudter ebalg, Expensiaisesipeciadigedi shifng sipd ut waiferd S got needed,
and the polishing cost can be reduced, and spent solution can be treated

Wi t hout pramparest Seelhathigghdyr osneeisal, pthbsenshigie swadueed. pAesGure
consunmabl e polishing cloth is not needed, further contributing to reducing

the pol i sippigienstto Fighe e Pasbods aeyibnaxi al Thaposkbuomsdi agr amhdt
vol une percent of abrading plate, showi ng an optinum area of abrasive

parti cl egjetddtdesntansf palsoss iyef parpiolesi agcuabr bdi Rgephatesnhafi nthear
sel f-stopping capability, obtained by experinents. Filled triangles
r epr esentr il | rédghokes sof - 2Ref Wdfed chratiasy ridps esienad payysordacki rders and
unfilled squares represent urethane binders. Abrasive particles are CeQ2.
Experi nmertled alesadisg shbdatehat Tthize pehrtaidi ey pt el e@ss edrafieomnthbe narcapor ti on
shown within an area B will exhibit
of the abrading plate will further induce polishing action
on the polishing surface. When the irreqularities are
eliminated, the number of released particles will become
less, and because the sliding interface is 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 1i1s 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 bhbe
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,



good sel f-stopping capability. That is, abrasive particles should be nore
than 10 % and should be less than twice the binder volune. Wen the
abrasive particles volune is nore ,than tw ce the binder volune, freed
abrasive particles are likely to be self-generated, and the excessively
increased freed particles in the indiBg interface interfere with the

sel f-stopping function. Al so, such an & radi ng plate exhibits high wear,

| acki ng i n nechani cal strength. Such an abrading plate is also difficult to
manuf acture, because of the tendency to formcracks during the abrading
plate shiplh§dopEREriles. ORPERSedthepolarididsheRhindersol and onnfihéed
abrasive particles is less than 10 % rel eased particles are reduced thus
reduci ng BAB2PESI HARKPETeRe, vBAEhaBRePiLAdershr oldHRRLIYE paRuiakeur RAG

sem conduct or devices. The vol unme of binder should be nore than half the
abrasi ve p&Pticles volune and | ess than 60 % by volume (% of the overal
vol ume. Wen the binder volume is less than half of the abrasive particles
vol ume, particl EXperamenigl sreengtrs | ahete WAtk Xhes pbyadéagandlabeasi ve
particles are nore readily seld-generated fromthe abrading plate, thereby
| 0si ng t hBage| fllstYppi REOPRKELPBN Showtth witlabi adnngrphatte Wikl peshebidb wear
and becones brittle. Wen the binder volune exceeds 60 % '

particl e- 98Pdi Siedd ®GERENT | Gap2ail heY eas&@atod-srucibragiere i pareictead
abrasive particles are generated, and the polishing rate is reduced. Al so,
the nechahPBaf & SMRER Bhanhé Oatr Anchgshrate becdsss tté@mighice akle

I ncreases thg danggf of causi ng danmages on the surface of the sem conductor
waf er . binder volume. When the &brasive 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 %, released particles
are reduced thus reducing the peolishing 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 (%)
cf 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




The amount of porosity should preferably be 10-40 % \Wen the porosity is

| ess than 10 % binder volune is too high, and causes the
particle-retention to beconme too strong and freed abrasive particles are
not fornmed, and polishing rate is reduced as di scussed above to | ose the
sel f-stopping function. \Wen the porogkty increases beyond 40 % the
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 particle are cre t ed d.sgLf- tog ing function is. again not

ef f ecti vet"Thed AT 2a BodH&Ed W‘%rﬁrbﬁ' %eﬁ’f? golagﬁés&f’ea% &ardfel es
10- 60 % bi nd 0- 60 9% d osity 10-40 % It i f le that th
comosi%i%ﬁﬁ?ﬁ%ﬁ&ﬂn@“&eo Fﬁgriﬁaé%mrygabFagfevefspaFﬁlfigFgrg? g(r)ii 6%% ‘{oihﬁdere
35-55 % an orosjty _15-3 @6ﬁFi ures 10, and thureg 11A, 11B, 11C show t he
results ¢ +%%inétﬁe§8 c&hdEYor? P pBEEEFNEECREECE §RR/i hy3Nr ai sed

and depressed.regions with sel f-stopping function roduced by an abrading
pl at e naoee“‘% AL RBSES tiYIeY eEEe§g‘H§éﬂl%ﬁW‘£‘?s AP YBE T REBACE e

particles Fere Ce2. ang t he binder was polyimde mxed in a ratio of
particl et B nIRPLICORANOEPEyWaFeE0: 45: 25, respectively. As shown in these

i tially, and B AR Folit|REFRS HEY - S8°UR: PSRl bht Dhad radbebd 1o

pol 1 shi ng e CBSnEIRRETE BorSndEREr P kD ulrt SEAarS (BShSNESR! ¢ he

rai sed angd; depr£38edah89lOPRe" §IBERY L 08t 2A W on ¥ ecome 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 1increases 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 Figqures 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 Figure 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




only the raised regions are polished, and the depressed regions are not
polished. Thereby, it is easy to obtain flat surface structure by
elimnating irregularities between raised regions and depressed regi ons of
t he sem -conductor devise wafer. After then, even if polishing is
continued, filmthickness is kept unchanged, the polishing process thus
achi eves the sel f-stopping function su@3-that material renoval is
automatically controlled after a |l evel surface has been attained. Thus,
polishing time based control task becones easier, the allowabl e range of

processi Rgrit (tHige AEQGASS WHshdBMuces wbdeasd. thle fiis,motohi sd¥ssond), the
depressed regions is maintained at the original thickness so that design of

filmthi gipseris f adilgHat 6ds AnS@ntiafinednebeear ewsefe &L SMng hatasre
bei ng polished slowy, those regions which have been already polished are

not subj eiddinded f 6+ hghoBRELShI REmehiung terlistol RGaftort HeheheSl PR it to
catch up. Wien the slow regions are polished, the overall surface attains a

singl e | gvplsand anal f@é?kébgéaesﬁegfdrwr%ehb&nblic théugamd e t headignges in
the profile of the surface structure. Figure 11A shows an initial stage,

Fi gure 1Ijshowndr ddligest agegibhte dde Ul iFHEd e 3248 str¥s dédfeeddasl
stage of polishing (tinme 2), respectively. As illustrated, only the raised

regi ons ardgyf¥hd sheé ifot 2@oldlstieddve timherkbyq plodiee eadgveb saydasice,
whi ch remains unchanged even when polishing is continued to tinme 2. Figure

12 shows gihe: restt §8e0bt 2l1B€dres bd edimdaadingg i rleafud,ax indiexatiastiyepoi nt C
in Figure 9, that does not have the self-stopping function with a particle
bi nder 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 is 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), 1is widened. The film thickness 1in 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




porosity ratio at 50:15:35, respectively. The progress of polishing is
Illustrated in Figure 13A for initial stage (tinme 0), Figure 13B for mddle
stage (time 1), and Figure 13C for final stage (time 2), respectively. In
this case, the abrading plate is made with a | ow binder vol une,
consequently, the abrading plate is bri&&[e and abrasive particles are
easily released fromthe abrading plate shown in Figure 9. Until tine 1,
raised regions are preferentially polished and the depressed regions are
hardly polished. Therefore, a |evel surface can be obtained easily, but
pol i shi ngr""c‘if) EiRGed 18 bk Aot iREPMIGH af lavel | YEFacsur frtiChaseBaans
reached because of the abundance of , rel eased particles. Therefore, at tinme
2, the heiYhRaB@eEneveRaBeED Poddfhiagudéed castd nueslito dFinee? cont i nued
polishing. For this reason, although the irregularities are easily
el i mi nated, polfs#hRg 14 éBHWFnGE& §8Sﬂ1rlré;ts %@q%@gr@hgebéadmg
proceSS|&g% t he grocess ndow) is narrowed, i.e., polishing control
becones ndifpted by moiteroi®, F16BERUSe et Aeofnaht baval
renoval is d|ffer nt before apnd after achieving a flat surface, it is
di fficul tth® c%%%$o$t°BBFP§h|ﬁﬁn?Fhﬁnpr%bEPlya FPaLE&CIZ2 showsiBRASI i shing
characteristics of a eshl dressed (roughened). abrading plate on a
bl anket -BFERIEY ﬁéﬁﬁﬁgqﬁ)¥9ne 50 P uc @SOS 1t edTHE tHOSERTRce]
Pol i shi ng rgte i 1 E otted on _the vertical axis _and polishing
time of dPebiER ’éﬂraltﬁ nd ﬂ)l“ﬁf' abPterllyr EdGUFE LARNGRS 184516t eBit 8BSt he

hori zontal, axi s can be n_ that, the rate of naterlal renpval b
freshly dL%%@% O), Figure ff§ for mlddq stage (time 1 and Flgu%e

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 Hardly
polished. 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 irreqularities are easily
eliminated, polishing is 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




(roughened) abrading plate shown in "a" is high, because of the abundance
of rel eased abrasive particles. Wien such a freshly dressed abrading plate
is applied to a sem conductor device patterned wafer, raised regions of a
waf er can be polished at high speed and the irregularities can be
eliminated, but polishing action will-Bé-continued and lead to a result
simlar to the results shown in Figure 12. it 1is clear that the

sel f-stopping function does not work in this case. Self-stopping neans that
the i rreafert heyiage nel fmeaseduandriebatidesidascathvevete andrfaomthi s
point on, further polishing will not produce further material renoval,

that is, Rhkeishingt adlkenessni 8/maohanigedpldhtedr eswlthe sveegiicwadl emtis o t he
result ‘obtained on polishing a blanket wafer having no such patterned
fine-strundireolThbiefjortame loeff cirpesseédgabrédiesyl pldtesadd eabrdackawipd at e on
a sem conductor device patterned wafer, the dressed abrading plate should
be condi tironkkounsi ng @loltaeketonnafler horizomwvael abissi vEtpasin desedd to
noderate the initial rapid rate of material renoval, so that the ‘

sel f-st oppiaty fumeti oatecant wonkeefihdct iregloyalThaly | reséflor e diwessed

sem conductor device patterned wafer is polished, freshly dressed abrading
pl at e shofaudprened patbdadsngg flladikethovai ets 5@ t bt hilk, palecsnisry @f ocess
-28 is carried out after the polishing rate has been | owered sufficiently
as i ndi catferl Bhunganice tdfe féelrasedt hbrabyveepabitiicd esac prohede sawhaba adi ng
pl ate exhibiting a self- stopping function shown in Figure 10. Abrading

pl at e mayfIRshnudeessaeddabyadiagypparsesaseapplied to a semiconductor

device patterned wafer, raised reqgions of a wafer can be
polished at high speed and the irreqularities c¢an 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 irregularities 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 freshiy 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 is, before the semiconductor device patterned
wafer 1is polished, freshly dressed abrading plate should be

treated using blanket wafers so that the polishing process



shaping nethod with heating treatnments involving the steps of: mxing the
bi nder and abrasive powder, filling a nold, formng an abrading plate
(pressing and heating), cooling, bonding to a base plate, shaving (planing)
of the abrading surface. Planarity of the finished abrading plate is about
100 9 mbut this flatness is inapprop[hgge to polish sem conductor device
patterned wafers, because the contact “With the polishing surface is only
partial and the surface cannot be processed properly. Therefore,

oty Gl 5y RO GRELE P PRt o Rho p AR bed (EED 3PU368 < o)
For 10 m TREEACoRL™ Apc i SR B38Fat: O | cotal 14 9 okl ivat ENCRERInG,
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bk SHRLAGR oL IR Pl PR B, PLite gppears simlar o
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09T st Il d e TS 0 £ 20 ARG B Y, L ek
Covr e 18 itdng | IyeoRiEast Tbe 53! dipbcher idn 22 e i no
device pak&?ﬁﬂﬁg %ﬁfeéb£§d985i%ﬂ%%ékﬁﬂ§hégﬁﬁgrggﬁn%eating), cooling,

bonding to a base plate, shaving (planing) of the abrading

surface. Planarity of the finished abrading plate is about

+ 100 # 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 processed 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 su;face 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 is polished using an abrading plate having such an

abrading surface structure, polishing rate is very high as

(191}

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




pl ate having a surface structure shown in Figure 15B, where the particles
have been scraped away, the rate of nmaterial renoval is slower as indicated
by "b" in Figure 14. when a device patterned wafer is polished in this
condition, level surface is obtained while naintaining desirable
irregularities, and after the desired |l evel surface is produced, the
abrading plate will exhibit self-stoppd%rg function so that it appears as

t hough material renoval has been stopped automatically. It is thought that
self-stopping effect is generated as follows. Fine structures fabricated on
a devi ce olped imededasilgr shef asteriadtompmoved gfirovEss fdant imiesedvemegi ons
and depressed regions. Wen such a device patterned wafer is pressed

agai nst aqfedr adilagnessl ace athasvebr adi nghowh atte, Ripurfemel 8t andt ur®. act s

| i ke a dressing tool, and although the dressing effect is not to the extent
that is poaepedasyt ,dianend theesses idsakepefrtdicdmsnd? par rewhaanisg on
approxi mately 100-300 9nm), tips of the fine-structure bite into the

abr adi ng sk f #eesofiyt hir edwedli sgrphaeeiandegovage awit shhwnabmasivgire
particles, producing freed abrasive particles through 'a soft dressing
process. PHAabaadiendces pdama sbwafer FigupellsBedamshiagdian adlrzaibinhe

bl anket wafer surface, as indicated by "b" in Figure 14. But when -30 such
a rel ati vplytel Rawiabr adiswy fagd aceristusedshowpollns i igurgevixie péie%s ned
waf er having raised regions and depressed regions, the effect is alnost the
sane as threabpoadiiodesl dtave bbeay sofepgédess@y + otpe odate &f amtRN Iyl

surface structure simlar to the one shown in Figure 15A. The roughened
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
irregularities, and after the desired level surface is
produced, the abrading plate will exhibit self-stopping
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 1like 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-structure bite
into the abrading surface of the abrading plate and scrape
out the abrasive particles, produ;ing " freed abrasive
particles through a soft dressihg process. An' abrading
surface shown in Figure 15B can hardly abrade thé blanket

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




abradi ng surface, being produced by the device patterned wafer, can rel ease
abrasive particles which are effective in l|eveling the fine-structure of

t he device patterned wafer, and when leveling is achieved, the device wafer
surface becones effectively simlar to that of a blanket wafer, and the
profile of the abrading plate changes_-gg-a structure simlar to the one
shown in Figure 15B, which no | onger produces any nore rel eased abrasive
particles and the process stops because of the self-stopping effect of the

abradi ng Hl@h easfevstively! t1shaukhdrhe ingt edrifhate tite wadd -1d qpel wh feature
cannot be produced in any type of abrading plates, and the effects can be

differ entdé‘\?f)@é‘d?ﬁ&t%&nfe@e wOF@OshhiveAgofrdited abeqilong pinal edefods sding
characteristics for device patterned wafer can be divided into three |arge

cat egori eseqASnShovRei BrFgHr eg AGAost6Bhand akekCasDidHerancasing phete
characteristics are nmade clear by carrying out continuous polishing

experi merngsi pigi g fhlarkebenaiey prddic® agoadirhddngd salrfatiangsprateurénl y
t hose abrading plates exhibiting the behavior of rapid initial polishing

fol l oned ghyi PalOWey Kake ShePAn& ndnwi Flhigexbi bi3a qui ckhel i nonghénad of
irregularities followed by self-stopping effect (refer to Figure 16A) _ For

abr adi ng phas&sngx b tddw, higingenpyetuteatie ipvenhal t deviibe ipatgetaedties
are elimnated, Self- stopping effects will -not be observed (refer to Figure
16B). Thgapbrading pkakbaseexbirhistiviey pfaow ilcdmsy ath irdt eafe oaf fdet ibeginni ng
I's not effected by soft dressing by sem conductor - device patterned wafer so
that partievesifngnrole beiserspedctone, ofesilid i dgvioealprostemedavat gl
renoval and no self-
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 categories
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



st oppi ng
type of polishing behavior shown in Figure 16A are found in the

conpositional area denoted by B region in Figure 9. outside of this
conpositional area, abrading .plates with |ow binder volune or high

porosity

effect (refer to Figure 16C). The abrading plates that exhibit the

volume are relatively soft abrading plates, and their polishing
characteristics are represented in Figu?b'lGB. Abrading plates with high
bi nder volunme and | ow porosity volune are

~and their polishing characteristics are represented in Figure 16C. To

devel op t Két&el BVERoppiFRY c&bdbi Lriggularhtieabrakt nglpimiratad, | sedéeessary

rel atively hard abradi ng pl ates,

to renove residual particles fromthe dressed abrading plate before it can
be used f 8tOPPSNGs i@t snaficrl e hetdotenred| [ sehari hg Fhouresldaal
articles is to condition a blanket wafer until the polishing rate
stabi | i zedhg apRrRA1IBIePadias. exhilbigdngodlov s nease@lonrptessinap ahtle
rotating the abrading plate against a blanket wafer chucked in a wafer
carrier WRRYANIAG iF Rk erfHEFtAd bynsiofitordirEs Bld bheseshdpndvakayg t ool

abr asi ve

i s not

limted to a bl anket wafer, and any type of tool having a flat

surface nH@¥16E PHLAC A eVRARYc &P HhalseBarForleexApfinet cear s2rghads
substrate or ceramc substrate can be -32 used _in the same manner. Such
~condi ti onPR§ 1t R EF QI 48 MR dP n Neffe Nidfler remeyadr apdopna i Aglfso t hat

t he tool

shoul.d have about the sane_size and thickness (less than

as

t he waf er §TORRA % IHIARTT neEeFehI SO aF Iused 1 6C0 -i s ThrcaRBad yng oP&BERSY t he

chuck by
hei ght ,

he 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 Figqure 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

addi n n.,adapted chuck _mechanism having an increased guide ring
Faiods T ¢



Supply of liquid during conditioning is absolutely essential, and the type
of liquid, for exanple, such as water should serve to cool the conditioning
tool and sweep the released particles away. Qperating paraneters when using
a bl anket wafer, for exanple, are: rotational speeds of abrading plate

tabl e/ substrate at 50/ 35 rpn1respective%¥' pressing pressure for substrate
at 500 g/ CW2 which is equivalent to waf i“polishing surface; water flow
rate at 200 mi/mn; and total polishing tinme of 10 m nutes approxi mtely.
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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 Am) .
Operating parameters are, for example, rotational speeds of
abrading plate table/brush at 20/12 rpm, brush pressing
pressure at 200 g/cmz, 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



are also effective. Water jet 27 should be used at a pressure of |ess than

5 kgPa or nore preferably, less than 2 kgPa to renove the residual abrasive
particles and to produce a suitably conditioned abradi ng plate having
roughened surface (involving a roughness of 30 ,1.c m. Excessively
jet pressure should be because it avoided not only renoves the residu
abrasive particles but also fractures sggtably roughened abradi ng sur

to be

snoot hened, which may negate the dressing effects by the

sem conductor device patterned wafer. For the sanme reason, the operat
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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 abfasive 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 1is desirable to move the
ultrasonic transducer hone 2B to reciprocate between the
center and the edge of the abrading plate 15 at a separation
distance of 1 mm or less than 1 mn. Water jet such as

Cabijet and Megajet (trade name) may also be used. These
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vani shed. By providing such conditioning treatnent to a dressed abrading

pl ate, polishing rate can be stabilized for a short period of tine.
However, as polishing is continued, polishing rate can sonetines gradually
decrease, so that the abrading plate may have to be re-dressed. As
re-dressing (soft dressing) of the abrgging plate is carried out to re-
establ i sh noderate roughness of the abrading surface of the abrading plate,
and different fromthe initial dressing for shaping the abradi ng surface of

the abradjagnphat “af c20L0TE IlendRAlgl R Paskeallik1Canhygdi out
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conpressed and heéted_to a certain pressure to produce an abrading plate of
required di mensyong rWAiliGRNEUIRNEcAER ioning treatment 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 1is 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/cmz.
After such conditioning, residual particle removal is 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 conditioen, it
produces an abrading plate having a surface roughness of
less than several tens of micrometers.

Nexﬁ, an outline of the process for manufacturing the

abrading plate will be described. In general, the process
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Other methods include a wet method for fabricating
abrading plate. An organic solvent (for example, ethancl)
is prepared in a container, and a binder such as polyimide
resin (liguid or powder) is dissolved in the organic solvent,
to which are added abrasive particles. In this example,
abrasive particles, Ce0,, are added in a ratic described
earlier, and the liguid mixture is stirred with a stirring
device to produce a feed mixture having uniformly dispersed
abrasive particles.

The feed 1ligquid, 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

to



of porosity (opening), and are inter-connected by the binder. It is thought
that the porosity or opening is forned by air, which is incorporated in the
pul veri zed powder during the process of pressure shaping the solid _
intermedi ate. Therefore, the volune ratio of the porosity in the matrix

can be controlled by the conpression ratjo in the pressing operation. It
woul d be evident that, although the enbofinents were illustrated using Ce2
and polyim de or phenol resin, abrading plates exhibiting the self-stopping

abr.asi v ar es .and bj.nders that were not
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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 ratic in the pressing
operation.

It would be evident that, although the embodiments
were illustrated using Ce0, 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
quickly 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



on the polishing using the abrading plate described above. This abrading
pl ate has a sel f-stopping property -that enables to reduce the rate of
mat eri al renoval when the raised regions of the sem conductor device
patterned wafer are preferentially elimnated and the irregularities are
el imnated by polishing while supplying ?nly water Wfrom the nozzle 10.
However, when it is necessary to controf/fhe filmthickness to a certain
value, this abrading plate is not suitable because further polishing does

not f_em)vegagé f@}ﬁ%ﬂ%f{h akhedasrsenggr ?'lBQeOf de seddeSioretnge

function |s reaso frrst, polishi Ime i's controlled so as to

recogni ze Bli"itsht {4 eg H?Eh&hﬁil?a‘f‘%n@%%n_th@ sawa&sdmam%&,ay nd hg

second st ge po i shi ng s own I n gure 18B, additional polishing is carried

out by replagi- Wﬁ$§¥ naMd h a polishing slurry containing a |arge anmount of
free abrasive par Icles. Slurry Q of the sane type as the ones used for

conventional |CVR % auppiigd figmihe Betehficdc Forugxampléns SEel theade

nane for the pro conpany), which ongs to a colloidal silica

group, isy, Suidable Jhe ﬂyfﬁyeﬁgaa%@ﬁtaokart% U O mdt{gml  pREI shing
abrasive particles, and facilitates surface -38 material renoval at high

poli shing ¢34, s?:?a@%'h% £isREN enti @ik CM:  Figure 1%Ash%\e§a Si@%agédt he

pol i shing process s maticalfy. The first stage is used only f

pl anar i zal0hh&NPo i h8haRGAHNG Pl B aBragedgt @ 1G4Chdascd vl Qﬁévéhe
rai sed regions. After the“irregularities are

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 1is necessary to contrel the
film thickness to a certain value, this abrading plate 1is
not suitable because further polishing does not remove the
surface materiai, due to working of the self-stopping
function. |

For this reason, first, polishing time is con£rolled
so0 as to recognize that the irregularities have been
eliminated. Then, in the second stage polishing shown in
Figure 18B, additional poiishing 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 colloidal silica group, 1is
suitable. The slurry contains a large amount of normal

polishing abrasive particles, and facilitates surface




elimnated using the abrading plate, polishing rate is reduced rapidly, so
that the polishing time in the first stage is controlled by allow ng sone
extra tine in addition to the time required to elimnate the
irregularities. The second stage polishing is ained to renove a specific
anount of surface material, and is carried out by using the sane abrading
plate with an abrasive slurry supplied-f38emthe 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 the desired filmthickness Ax can be
obt ai ned matarialat inesiorahor dtt i EglBecaubieshing pbase,of aspol ishi ngei s
started froma flat surface, CMP can provide uniformpolishing over the
entire sucpaventfionhd C¥®ni conductor wafer and a high quality unifornmly
polished surface can be produced. A given thickness of residual filmcan be
achi eved by tiFfegbased lGontsimwandsfepm t bifckrdess hasksieomg r oprofegsr e
20A shows an exanple of tinme-controlled polishing nmethod using the abrading
pl at e shosphémarigeidyl8A, armthe hefipsbcesstdge contsi nuegledo tonty Ti fop
produce a flat surface. Accordingly, planarization over the entire surface
is achi epbananizativhen, asdpplhg ngbrhdishurpdate omst hese@dzzloe g39cR1ps
shown in Figure 18B, polishing is continued to tinme T2. As described above,
pol i shingleved odd Bhalataisedededyonhe Rfperofttsd urryediel agitbsesl, are
therefore, it is possible to renove surface material while continuing
pol i shi ngelémanagedenusing. Fhgur @b2eBishowslaheexapplésbingi | matai ckeess
based control nethod. By polishing the substrate using

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 carried 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 quality 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 Figure 18BA, and the
process 1is 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



abrading plate with the apparatus shown in Figure 18A, the polishing
results.. in elimnation of irregularities -to achieve a uniformy flat
surface having filmthickness Al. Additional polishing using abrasive
slurry is carried out while nmonitoring the filmthickness so as to obtain a
film thickness A2 using the apparatus sphown in Figure 18B. Because the
process is controlled by nonitoring the“’thickness, an accurate film

t hi ckness can be obtained.. The process of switching frompolishing with
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slurry Q fromthe nozzle 9 by operati'ng the condition o6t val ves by swi tch
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Fi gure 22. The
achieve a uniformly flat surface having film thickness Aal.
Additional polishing using abrasive slurry is carried out
while monitoring the film thickness so as to obtain a film
thickness A2 wusing the apparatus shown in Figure 18B.
Because the process is 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 “ligquid containing abrasive
particles” in the second stage polishing, 1is operated
according to a flowchart shown in Figure 22. The process 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 Fiqure 22, and the
solution is circulated between the delivery piping and the
storage tanks (TKl, TK2). 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

nczzle 10. The first stage is controlled based on time, so
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ilmthickness A2 shown in Figure 20B is obtained. Figures 23A 23B
show t he second enbodi nent of the polishing nmethod. Figure 23A shows
second stage polishing apparatus used for the first stage polishing using
adi ng plate, and Figure 23B shows a polishing apparatus having a
dresser 16 added to the apparatus shown in Figure 23A. D anond
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%g%hb§' by time or £film thickness, so that the process is

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 234 shows a second stage polishing
apparatus used for the first stage polishing using 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 location, dressing of the
abrading plate is carried out by pressing the dressexr 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 apparatﬁs shown in Figure 24 according

The




controll ed based on tine, so that when tine T1 shown in Figure 20A has
passed, polishing is stopped. Thus, the second stage polishing is started
after detecting that Tl has passed. The second stage polishing operation
with concurrent dressing operation is performed by supplying water Wfrom
the nozzle 10°and abrasive particles gegperated 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 appr oxi B! yiohChakt OBRLwHPeRd Phgdler BT, anﬂ090lelx%m N@, Pipseyee of 50
g/Cv2 . The tine of ending the second gtage polishing is controlled based
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that has e $8hR% %fﬁ}éﬂﬂm@ udd f}%fdx{? e Wwobkshi fige Ugh 214 heo

abradlng p ate 1 in Figure transferred to a conventional CWP

appar at By PAAAS) FhGUEEATRiLA! BE & RAdSTufg alEsEeD Al Ml Vin

contai nin brasive particles through a conventional -42 chem cal and

mechani cgheP@lirgh NG RYOCESBisHIMNG ENPFng@éatzlson G ) £ réeggOutsusing a
si ngl e conventional dpparatus, but it be used in a conbi ned” manner with

the pol bghwglqelaar@wédcwr t$hag tde @Bé@d'vﬂgerﬁﬂ atigesori hathowdot hnmay be

used in a conplenentary manner. Nanely, because of the self-stopping

functionrefuiree 2Pxadis) phakedysipdlishing is stopped. Thug, the
second stage polishing is started after detecting that TI
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 is 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
cbtained.

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 Fiqure 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




wat er or chem cal solution, surface material renoval will not proceed after
the irregularities are elimnated in the process of polishing even in a
subsequent polishing process. On the other hand, since polishing cloth of
conventional chem cal nechanical polishing has elasticity, CMP using
slurry will renove surface material fromboth raised regions and depressed
region so that it has a drawback that hed3ht difference is difficult to be
reduced rapidly. However, the conventional CVWP has an advantage that even a
flat surface can be polished at a higher polishing rate, and a highly flat
pol i shed shehacali saakt amdilaniciler gfol eshing apcorceéssce w tThas co@Pnat i on
of first stage polishing using abrading plate with water or solution
Wi t hout adyesaveonpardn cbes,caidisdécout stagegpd i shingd eustogventooneht i onal
CVWP with a polishing cloth and a slurry including sufficient abrasive
particl esgppathdttssubhace thandynge reseduah &i loombliinedesmmodr awdelsi thd val ue
can be obtained in an overall short tine duration on a substrate surface
havi ng i rpebithingi epddrermon. cdhpripsdinegsstivan abeaddont rplaed, s&s thathe
enbodi ments descri bed above, by the tinme based control or filmthickness
based corbsoh mayhbdsused3ihi gurendl etenits gn rexargt € ofamalpppbeadusei n
whi ch a poli shi ngappar at us7lusi nganabr adi ngpl at eanda
pol i shi ngappahat us&Rfissbgppdhg s Hiungd iatrh6af e that ealk hgtipyagaditien ascognon
polishing room 78. The first apparatus 71 perfornms polishing using an
abradi ng pde¢e & achemibad seilfutsimppi sgrifacet imatehiad swyyevwdAlngwiater or
chem cal solution fromthe nozzle 10. The second apparat us

not proceed after the irregularities are eliminated 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 using
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 <c¢loth 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 1irregularities thereon. The process can be
controlled, as in the embodiments described above, by the

time based control or film thickness based control methods.




72 perfornms chem cal /nmechanical polishing wwth slurry which contains an
abundant abrasive particles supplied on the cloth 6 fromthe 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 becone flat and the hei-glt- difference is elininated, the
wafer 4 is transferred-to the apparatus 72 for additional nmaterial renoval
through a CMP process. In the apparatus 72, an abrading plate can_be
instal |l ed for aidjurenal showacenr emevglleamf famiappapatishifgWhtR® fecond
abrading plate in this case should have finer abrasive particles and hi gher

porosi ty galtishiman apperabuadi hy phairgl5ann shsaflipgt appieat 88971 3o t hat
the free abrasive particles are nore readily self-generated from the

abr adi ng palrfsiceng Thepparaness o2 theibgndar pPlishilss &BPAA n§ plAdSe
shoul d be lower than that of abrading plate 15. Figures 28, 29 respectively
show an indtsral 1y ppllapedt ijve aieomeon popliahingewosm atB appdhgt fsI60- havi ng
a turntable having a polishing cloth 6 and an abrading_plate -44 15 whi ch

i s concendgpardtys di sppeedorher poi Lthhifheusapparat 6580 1p&r PIARE gol ixhi ng
using the abrading plate 15, and then the top ring 1 carrying the wafer 4

i s transfeitled a t sdhe-stophing anthrekbian ol 1lsr fdeP 1kt | &Yoo and
final polish operations are carried out by supplying slurry Qfromthe
nozzl e (nutesboah) soAstibowsriom Fihguriee 2ig b@: b&B&u§ECHNGt RPRARETS

72 performs chemical/mechanical polishing with slurry which
contains an abundant abrasive particles supplied on the
cloth 6 from the nozzle 9. 1In this facility, the wafer 4 1is
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



section and peripheral section created by the concentric arrangenent of the
abrading plate table and the cloth table, there is no need to provide two
turntabl es even when first and second polishing stages are.involved. The
apparatus is conpact, and only one notor is required for both operations.

Al so, as shown in the figures, to avoid mxing of the |liquids used for the
abradi ng plate polishing and the 'clot+# polishing, that is, water or

chem cal solution and slurry, a discharge groove 8lis provided

t herebetween. In this case, the center section is used for the abrading

pl ate 151and whichoutier semtdentiicakled fdispheed| otthegewihfth ¢ his The
arrangenent nmay be reversed so that the center section is used for the
cloth 6 apgparetusutsdr mecidows ipolLselifigrushegabkadrhgagiagePlese APgo, the
center section and the outer section may both have the abrading plates so
that surfack tlereling tod raddi tli eeairyimerihe wabevat &8ntBensdesitéd out at
different abrading plates as needed. Figure 30 shows an overall _view of the
facility tehithe coshi tbabdred f addahienbddsmsfacst MHeHA} sRFRGVAPpA Kt us of
t he present invention. The apparatus conprises a polishing ,section 130 and
a cleaningJﬁémthﬁiﬂEOOP¢hetpothﬁrﬁgCﬂm@%&ﬂn@%ﬁlHBOSPEPgﬁ&ﬁHiﬁéNqﬁy a
centrally placed turntable 133 having the abrading plate of the present

i nventi o) frompdiishore Ldi tnaB7shewihg a top ring 135 di sposed on one side
of the table 133, a dressing unit 141 having a dressing _tool 139 and pl aced
on the opposit@ssi 8Bown the (FAsEes328,amf a WGENSEce Chandif n&ed}aqiﬁrce 143

| aced |l ateral to the olishing unit 137. In the shi sectio 0, two
P section and pgripherag sectfbn created.wgy {E@ concéﬁf%%d

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 required for both operations.
Also, as shown in the figures, to avoild mixing of the
liquids used for the abrading plate polishing and the ‘cloth
polishing, that is, water or chemical solution and slurxry, 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 arrxangement
may be reversed so that the center section is used for the
cloth 6 and the cuter 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 leveling 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



transport robots 101 novable in the direction of an arrow G are disposed in
the center region, and on one side of the robot line, primary and secondary
washi ng devi ces 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 gre disposed parallel to each
other. A cassette 165 containing unpolished wafers is disposed in the
| ocation shown in the figure, and the transport robot 101 on the right
renoves one wafer g tine and hands it over to the ipverter 163, ich
BERAe.

inverts th Ct%\BPellgtOTHé SPEHEGIWEe? ICHIA Y RIFRThE T 101
to the left robot 101 anpd i.s transported_to the workpiece hand]ing device
193 of  IROPONBShFAS SBEEREANIS0PLARE vlf er CBR (PESTERGI 1y SEATE 145 | <
held on the, .bottom side of _the top ring 135 of t polishing. unit 137
movi ng_ al Bﬂblﬁhénaot"tr@gtlilﬁé, DAYENSE 8r ef 2% anveéisﬁéos‘?‘iljr Afadi®€ 133 to
Pol [ shed SATEr OFs HatAB Leatdrned £6 SRR iing eVl EPEIS 1LIHARd (o
Eﬂgrehgyeaagi,%Séeb ré%%gé %gP%'§l%é§ﬁ%§ﬂH§STﬂ§§?§g gﬁgnﬁkeﬁ%%gﬁg%tondary
ried in SRR GpiOTEPYEre BRALERCdr RS | b ion@ e ot e $5kbelPe 65 by
(D L OborShRt A0 AL SEle 0P R L5 SOMRL Stz peth st g KRyl e
Line jand: PLESEES«! et Uil0 ndlfi5el Nth AL A3PebRibRCoROLS ] ase of
are disposed in the center region, and on one side of the
robot line, primary and secondary washing devices 155, 137
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 1in 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 1s transported to the
workpiece handling device 143 of the polishing secticn 130.
The wafer on the handling device 143 is held on the
bottom side of the top ring 135 of the polishing unit 137
moving along the dotted line, and is 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 left robot 101, and is washed and

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



turntable 133 to performconditioning of the polish surface 134. It should
be nmentioned 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 contam nating substances, thg 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 exhausted by an

il BT e A B
cont am n@ed BPRLOAIS SERUEfon e 5 TR SPUbIRRE] g@!f’?eea(k‘iéﬁf‘@?%%% fﬁe‘ "
EAi i ebie An vy
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art o 221%'%%83&&%#54%8% oot R ety o aRG Br P 0 Y e apqpar at us
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turntable 133 to perform conditioning 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 cleanrcom.

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

is 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 is prevented by washing and drying the

polished wafers before returning them to the wafer cassette,

and therefore, contémination by metallic contaminants and

particles is avoided and the atmosphere in the cleanroom is

not contaminated.



occur. Therefore, the process can be controlled by adjusting the polishing
duration and the surface uniformty 1is inproved. Adopting the first and
second stage polishing nethod of the present invention enables to quickly
elimnate the irregularities in the first stage polishing, and, in the
second stage polishing, surface material renoval can be achieved uniformy
on the entire surface by polishing unded7-condition of high concentration of
freed particles. The conbined polishing process produces a flat surface
quickly while controlling the thickness of the remaining filnms by renoving
the surface material uniformy fromthe leveled wafer. The polishing nethod
is therefore applicable to precision polishing of sem conductor device
patternedindhetsialdBpplAlddbilitdy met hod for polishing an object using an
abradi ng surface nmde of abrasive particles and a binder binding said
abrasi ve partithes, praisénet Ha SR Si o v @S Si 9 S%ﬂaabﬁ%di pyasurface
by a dresser prior to a polishing process; and pressing the object against
sai d abr adangngur frdee; SoTf-Pobpshhgy theadhingel, byyrakdhgimi s1hgli ngnaoti on
between a surface of the object and said abrading surface. 2. A nethod

accor di ngptopetaionlefwaeireisive SHFEGE dOHINGSSr Hhid Sﬁéﬁo@bﬁﬁdmgtﬁérface
is less than 30m after said dressing process. 3. A nethod according to

claiml ,abhedehy geistebradi ngolsuhfinge dgparstid ageinf ameabspdiagngl ate

which is shaped by pressing in a container in a manufacturing processS of

the sanme.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 guickly 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 is therefore applicable to

precision polishing of semiconductor device patterned wafers.



4. A nethod according to claim3 , wherein a ratio of said abrasive
particles and the binder material is |:x, where x is not. |less than 0,5 by
vol une the binder material per 1 unit of the abrasive particles is not |ess
than 0,5 unit), and proportions of said abrasive particles, said binder,
and porosity are, respectively, not less than 10% not nore than 60% and
10-40% by volune. wherein said dressing 5. A nethod according to claiml1,
process i s conducted under supplying-Wdter. 6. P. nethod according to claim
1, wherein said. dresser conprises dianond particles. F nethod according to
claim6, wherein said dianond 7. particles are electro-deposited in a
ni ckel base. -49 B. A nethod according to claiml, wherein said dressing
process EuAlM8r conprises renmpving residual particles fromthe dressed
abradi ng surface. 9. A nethod according.to claj =rWES:8isN ngai=dr f £8®VI Ng
process aanpr hse@tbpés§Pﬁgpﬁhﬂs?m%t‘irhdﬂ§efcl%a{%stqlggl agai rfs%t .sgi d abrading
surface. 1(3. A.method accqidingita &hai m Spimder ebinéana FRAE (FEBFSIVE
conpri se& % panKket wafer,” a quartz gl ass substrate, or a ceranmic
subst r at garddcl s metidd mat B dF PG EPai m B, wherein said renovi ntrgﬁ)g process
conprises washj ng sai d _ahradi U f AUSeNgp@ B ushessdr | @ricgw a
liquid. 12. A%gﬁéagaggépdiﬁ%gﬁ%%gl :%%1 8, wherein said removing

polishing process; and

pressing the object ageinst czid azbrading surface; and
et pr)

polishing the object by making a sliding motion between a

curface of the object and said zbrading suriace.

- 1lai i rfz eSS
2 2 methed according to claim 1, wherein a surface roughnes

cf said abraalng curface is less than #30um aiter said dressing

process.

3. 2 method according tec claim 1 ., wherein seid &bracing

adi i ic shaped by
curface is a surface of an abrading plate which 1 X

i ) i the same.
pressing in & contalner in & manufacturing process of

. . . . _ , : ezid
4 2~ methecd =according to claim 3, wherein & ratioc o: zi

where » lg not

(=

zsbrasive particles and the binder material s 1:X,

less than 0,5 by volume (the binder materizl per 1 unit ol the

s5 | : o f
=pbresive particles is not less than 0,5 unit), &and prcportions ©
c=id eabrasive particles, seid bincer, and peoresity  &re,

- L = Ci0s By
respectively, not lesgs then 10%, not mMOre than 60% and 10-£0% I

volume.
izl i 3 G Yesg1n
5 2 method accoréing to cliaim 1, wherein said dressing
process 1is conducted under supplying water.
' i ' i PG ssey

6 2 method according to claim 1, wherein said. dre
comprises dismond particles.

7 2 methodé according to claim 6. wherein =ald ciamono

-

ectro-deposited in & nickel bese.

gt

perticles gre €



process conprises applying a pressured fluid on said abrading surface. 13.
A nmethod according to claim.12, wherein said pressure of fluid is less than
5 kgPa. 14. A nethod according to claim@8, wherein said renbving process
conprises applying ultrasonic fluid on said abrading surface. 15. A nethod
for polishing an object using an abrading surface nade of abrasive
particles and a binder binding said abjgpsive particles, said nethod
conprising: -50 dressing said abrading surface by a dresser prior to a
pol i shing process until a surface roughness of said abrading surface is

| ess than 30,um pressing the object against said abrading surface and
polishing the object by making a sliding notion between a surface of the
obj ect andgsai dyabfadidag sHEdaEag 160 Acreivhod; acoatatienon t eattiaidnelsSing
wherein said dresser conprises a di anond dresser ich %Lz§egffgggngﬂg
particl es PrOCesEDOLuntherA SREHGE S or* SFOIVFEHI F§5aHv8b) €8F “0STRY aA" abradi ng
surface npde. Ofs akra3kug ParidLd es and a binder binding said abrasive
particles, said nethod conprising: dressing said abrading surface by a

dresser; pressing the object against said abrading surface and polishing
t he obj ect sy nakimeghads| aatergimst i b betaidensa: stfFEED of2ife IEBPELES and
said abrading surface, .wheregj ! ur, i £dr Py S S HASSER agadnst
sai d abr adifft esgl?rfcéaéngrllge%e Egsﬁr%;l%%§0§ 5‘%5?:9& & =

abrading surface.

10. A method according to claim 8, wherein said flat tool
comprises a blanket wafer, a guartz glass substrate, or a ceramic

cubstrate.

11. A method according to claim §, wherein said removing
process comprises washing said abrading surface using a brush

while flowing a liguid.

12. A method according to claim 8, wherein said removing
process comprises applying a pressured fluid on said abrading

surface.

13. A method according to claim 12, wherein said pressure of

fluid is less than 5 kgPa.

14. A method acceording to claim B8, wherein said removing
process comprises applying ultrasonic fluid on said abrading

surface.

15. 2 method for polishing an cbject using an abrading surface
made of abrasive particles and a binder binding <caid abrasive

particles, said method comprising:




18. A nethod according to claim17, wherein said pressure of said dresser
is.less than 50g/cnR2. 19. A nethod according to claim 18, wherein said
dresser conprises a dianond dresser which size of dianond particle is

#200. 20. A nmethod for polishing an object using an abrading surface nade
of abrasive particles and a binder binding said abrasive particles, said
met hod conprising: polishing the surfagg. of the object by pressing the

obj ect against said abrading surface and maeking a sliding notion between a
surface of the object and said abrading surface; -51 dressing said abrading
surface by a dresser during said polishing process. 21. A nethod according

to claim 20, wherein said polishing process conprises a first stage
pol i shi ng mhiéhebsi@%néaéﬂedﬂnﬁﬁﬁﬂﬂuﬁu6F§§§iﬁ@ingn&agsggéoﬁgjg?égggpglishing

which is_conduct ed W ih dressing.; 2:r et hegyaeaar dong dad dcl @brmd@g
wherein ?8?59%%%$sﬁ¥%%ggoperatioﬁ is}bonducted whil e supplying a liquid not
cont ai ni agrfabe asd Mesparhesl €0u23. A net hod for polishing an object having

rai sed and depressed pattern.thereopn. i d. el hod, .GIRLI SENY:=P¢ essiang t he
obj ect againsfmﬁﬁséﬁ$adﬁﬁb §%P%5§e5%%ﬁ€%?siﬁg? abpééivegparticles and a
bi nder biadi BE;sqi theakbascvebpandliicices; s1poibs Haig rh@eSHPFACR B EARE obj ect

by making a sliding notion between.a surf of the object and said abrading
surface;OfsEBEI9?1ﬁfEaaFPqﬁPﬁgi%ﬁ%%ﬁﬁpﬁgggfééég" sol ution during which sliding
nmot i on.

16. A method according to claim 15, wherein said dresser

comprises a diamond dresser which size of diamond particles 1s

#100.

17. A method for polishing an object using an abrading surface
made of abrasive particles and a binder pinding said abrasive
particles, said methed comprising:

dressing said abrading surface by & dresser;

pressing the object against said abrading surface and
polishing the object by making a sliding motion between a surface
of the objeét and said abrading surface, wherein a pressure
applied by said dresser against said abrading surface is less

than 100g/cm?,

18 A method according to c¢laim 17, wherein said pressure of

said dresser is less than 50g/cm’.

19 A method according to claim 18, wherein said dresser
comprises a diamcnd dresser which size of diamond particle is

#200.

20. A method for polishing an cbject using an abrading surface
made of abrasive particles and & binder binding said abrasive .
particles, said methed comprising:

polishing the surface of the object by pressing the object
against said abrading surface and meking a sliding moticn between

= surface of the object and said abrading surface;




24. A nmethod "“or polishing an object having raised and depressed pattern

t hereon, said nethod conprising: pressing the object agai nst an abrading
surface conprising abrasive particles and a binder binding said abrasive
particles; polishing the surface of the object by naking a sliding notion
between a surface of the object and said abrading surface; supplying a
.liquid including .surface activator dgying which sliding notion. 25. A
met hod for polishing an object having rai sed and depressed pattern thereon,
said nethod conprising: -52 pressing the object against an abradi ng surface
conprising abrasive particles and a binder binding said abrasive particles;

polishing the surface of .the_.obj Jrking.a glididngernidramgbeiasen a
surface of thé&*&6Fet? éﬁﬂdsdﬁaggﬁﬁédﬁ%a%gﬁffa@g; supplfing aliquid

i ncl udi ngoexkeigh Ners@isuti on during which sliding motion. 26. A method for
pol i shing an object having raised and depressed pattern thereon, said

met hod conprising: pressing. the object against an abrading surface

conpri sing  aby agirwedpartoedas; andcaabi rder whiendingsssd cABEddNGe parti cl es;

pol i shing the surface of the object b Ki el Lo het ween a
surface of°CRESOPPBRYLSHT 2sdigS b?ra"cﬁeynaggﬁﬁgg%i;‘%ls%{pglgy?%hg&l i quid

i ncl udi ng, i | i QR adur EBgoN Sk ges bbdi BB MPtittineh 22. cAndetdrsd for
polishinglgﬁgggjéé%§%%§ﬂang rai sed %nd débressed pattern thereon, said

met hod cenphi Skregsipyessi ng the object against an abradi ng surface
conprising abrasive particles and a binder binding said abrasive particles;

22. 2 method according to claim 20, wherein said polishing
operation is conducted while supplying a liquid not containing

abrasive particles.

23. A method for polishing an object having raised an@
depressed pattern thereon, said method comprising:
pressing the cbkject against an abrading surface comprising
abrasive particles and a binder binding said abrasive particles;
polishing the surface cf the object by making a cliding
motion between a surface of the object and said abrading surface;
supplying a liguid including puffer solution during which

sliding motion.

24. A method for polishing an cbject having raised and
depressed pattern thereon, said method comprising:
pressing the object against an aprading surface comprising
abrasive particles and a binder binding said abrasive particles;
polishing the surface of the cobject by making a gliding
motion between a surface of the object and said abrading surface;
supplying a .liguid including .surface activator during which

sliding motion.

25 A method for polishing an object having raised and

depressed pattern thereon, said method comprising:




polishing the surface of the object by making a sliding notion between a
surface of the object and said abrading surface; supplying a liquid
including electrolytic ionized water during which sliding notion. 26, An
apparatus for polishing an object using an abrading surface made of
abrasive particles and a binder binding said abrasive particles, said
apparatus conprising: a holder for hol¢jng the object, a mechanism
for-pressing the object against said abrading surface and nmaking a sliding
notion between a surface of the object and said abrading surface, and a
dresser for dressing said abrading surface prior to a polishing process.

-53 29. An apparatus accor ing.tao clai , ghehd &yt dacsompragghaess of
sai d abradingpé%ﬁ?%ﬁﬁa;ﬁ?Iéh%éﬁ?hﬁﬁaéggghggffge sai% dress%ggFgégcess. 30.

An apparg%fggf#&:@%@kﬁGIé@ Sla@iamb28denheiedins sitd dapP RS N Tis a
surface of an abrading plate which i hape SSLROnd Naa £a@Eagner in
a nanufacturinglpﬁ%@%ksg%? Fﬁéfgﬂﬁe9§ %f@pﬁﬁxg%ﬁapéfus acé%rging to claim
30, wherein. a natiQeof »Sahffa@bicading pasédclaes anddtaerastingesURatetial is

| :x, wheré X is not |less than 0,5 by volume (the hinder patigsi ahupeg 1 unit
of the abrasikveppring clées iguadt 1 RN 8§€Qﬂﬁi€?,%§nd proportions of

sai d abrasi ve riicles. .said binder, and porosity are, respectively, not
| ess thaﬁhiﬁaﬁéﬁiﬁln ret% an 60% and 10-40% by volunme. 32. An apparatus

according to claim 28, further conprising a device for suppLyigg maéer
during sald dfesgéibdr geRss.polishing an object having ralsed” an

depressed pattern thereon, said method comprising:
pressing. the object against an abrading surface comprising
abrasive particles and a pinder binding said abrasive particles;
polishing the surface of the object by making & sliding
motion between.a surface of the cbiject and said abrading surface;
supplying a liguid including reducing solution during which

sliding motion.

27. A methed for polishing an object having raised and
depressed pattern thereon, said method comprising: |
pressing the object against an abrading surface comprising
abrasive particles and a binder binding said abrasive particles;
polishing the surface of the ocbject by making & sliding
moticn between a surface of the object and said abrading surface;
supplying a liguid including electrolytic icnized water

curing which sliding motion.

28, An apparatus for polishing an object uging an abrading
surface made of &abrasive particles and a binder binding said
abrasive particles, sald apparatus comprising:

a holder for holding the object;

a2 mechanism for -pressing the cbject against said abrading
surface and making a sliding motion between a surface of the
cbject and said abrading surface, and

a dresser for dressing said sbrading surface pricr to a

polishing process.



33. An apparatus according to claim28, wherein said dresser conprises

di anond particles. 34. An apparatus according to claim33, wherein said

. dianond particles are electro-deposited in a nickel base. 35. An apparatus
according to claim28, further conmprising a residual particles renoving
device for renoving residual particles fromthe dressed abradi ng surface.
36. An apparatus according to claim353wherein said renoving device
conprises a flat tool for pressing and rotating agai nst said abrading
surface. -54 37. An apparatus according to claim 36, wherein said flat tool
conprises a blanket wafer, a quartz glass substrate, or a ceramc
substrate. 38. An apparatus according to claim 35, wherein said renoving
devi ce conprises a brush for washing said abrading surface while _flow ng a
liquid. 39. AAnamRIEXEESSacedfHGI otel fiAT5, 2GhertiSt S8 d®r eNOVIERG
device conprises a_pressur | _uj jrecroyf I Rgpa,mpsessuredaf | ui d
on said 5%:5)%}’8?’?155 Sar Fﬁ(‘:é.“ﬁ%él&}rg %ﬁ%’ér g%ugs a%sosfgj?!r% tgocfai m of fluidis

| ess t hagr&skigha pr@@eswherein said pressure 41. An apparatus according to
claim 35, wherein said renoving device conprises an ultrasonic source for

applying an ultrasonic energy to a fluid on i d .abradi ng .sur 8:n42. An
appar at usof orA:p)obpshtﬂig—l%na@@ﬁ%ltn%sq%gﬂefh‘”hg@di WY Sy fsgeclzjurfi;%ga 8?6

abrasivesﬁgfratgeclleg and., g -hi.pdess bindipga&aigl plate which is shaped by

pressing in a container in a manufacturing process of the same.

31. An apparatus according to claim 30, wherein a ratio of said
abrading particles and the binder material is 1:x, where X is not
ljess than 0,5 by volume (the binder material per 1 unit of uhe
abrasive partiéles is not less than 0,5 unit), and proeportions of
said abragive particles, said Dbinder, and poresity are,

respectively, not lesgs than 10%, not more rhan 60% and 10-40% Dby

volume.

32. 2n apparatus according to claim 28, further comprising a
device for supplying water during said dressing process.
33. An appa?atus according to claim 28, wherein said dresser

comprises diamond particles.

34, An apparatus zccording to claim 33, wherein sgaid diamond

particles age electro-deposited in a nickel base.

35 An apparatus according to claim 28, further comprising &
residual particles removing device for removing residual

particles from the dressed abrading surface.

36 2n apparatus according to claim 35, wherein said removing

] i ing against
device comprises a flat tecol for pressing and rotating ag

said abrading surface.



abrasive particles, said apparatus conprising: a holder for holding the
obj-ect; a nmechanismfor pressing the object against said abrading surface
.and making a sliding notion between a surface of the object and said
abradi ng surface; and a dresser for dressing said abradi ng surface; wherein
a pressure applied by said dresser against said abrading surface is |ess
than 100g/cn2. 43. An apparatus accordifng to claim42, wherein said pressure
of said dresser is less than 50g/cn2. - 55 44. An apparatus according to
claim43, wherein said dresser conprises a dianond dresser which size of

di anond particle is #200. 45. An apparatus for polishing an object using an
abrading surface nade of abrasive gartic]es and a,and%JiQiQQ%ggtééid

abr asi vespar tAm| asparsdivd ZSFAFALRE EDNPIENT i a HoISd&r Far holdi ng t he

obj ect; a nechani ~ |i-5hi, N0 st xSty face sokubberabs eair by cegrwsSi ng t he
obj ect éﬁ?ﬁﬁ%?ega?gbg H% |ﬁg§gﬁffgcg and égking a sliding notion between a
surf ace @afpdthratebj ect and said abrading surface; a dresser for dressing
sai d abradi ng surface by a dresser during said polishing process. 46. An
apparatus according to claim45, further conprising a controller for

sendi ng agsi gngl SM-t-abl:89 s@cbiashg stagelpohi 3hi nghewRiBhspdd c SRUBELEY

wi t hout dressing, ‘and a second stage polishing. I A egnvid h

dr essi ngded¥ce APOERPETSR S Qﬁﬁﬁﬁwﬁ%%gwﬁﬁkéP%iﬁ?ﬁ%vg%%égiig %ggggggpolishing

flowing a ligquid.

39. An apparatus according to claim 35, wherein said removing

device comprises a pressured £fluid ejector for applying a

pressured fluid on said abrading surface.

40. An apparatus according to claim 38, wherein said pressure

of fluid is less than 5 kgPa.

41 An apparatus according te claim 35, wherein said removing

i i cnic
device comprises an ultrasonic Source for applying an ultras

energy to & fluid on said abrading surface.

22. An apparatus Ior polishing an object using an abrading

surfece made of abrasive particles and 2 binder binding said

abrasive particles, said apparatus comprising:
a holder for hclding the object;

2 mechanism £for pressing the obiect against said abrading

i e
surface and making a sliding moticn hetween a surface of th
cbject and szid abrading surface; and

a dresser for dressing said abrading surface;

wherein a pressure applied by said dresser against said
2

abrading surface is less than 100g/cm®.

43. 2An apparatus according to claim 42, wherein said gpressure

2
of said dresser is less than 50g/cm®.



operation is conducted whil i i qui P :
particles. e supplying a liquid not containing abrasive

-55-

44. An apparatus according to claim 43, wherein said dresser
comprises a diamond dresser which size of diamond particle is

#200.

45. An apparatus for polishing an chject using an abrading
surface made of abrasive particles and & binder binding said
abrasive particles, said apparatus comprising:

a holder for holding the object;

2 mechanism for polishing the surface of the o¢bject by
pressing the object against said abrading surface and making &
sliding motion between & surface of the object and said abrading
surface; .

a dresser for dressing said abrading surface by a dresser

during said poclishing process.

46. An apparatus accerding to claim 45, further comprising a
controlier for sending a signal switching a first stage polishing
which is conducted without dressing, and a second stage polishing

which is conducted with dressing.

47. An apparatus according to claim 45, wherein said polishing
operation is conducted while supplying a liguid not containing

abrasive particles.




