6 SEPTEMBER 2005 DESCRI PTI ON POLI SHI NG APPARATUS Technical Field 5 The
present invention relates to a polishing apparatus for pol 6SHPTEMBER 2005
wor kpi ece to be polished, such as a sem conductor wafer, to a flat mrror
finish, and nore particularly to a polishing apparatus conprising a dresser
for dressing a surface of a polishing cloth attached to an 10 upper surface
of a polishing table. Background ArPEASRIBHIO¥nduct or devi ces becone nore
highly integrated in recently years, circuit interconnections becone finer
and 15 the distance between thé@éléﬂﬁgﬁiﬁp?ﬁﬁéﬁgénnections beconmes smal | er.
In case of photolithography which can form interconnections that are at
nost 0.5 pmwde, it is required that surfaces on which pattern inages are

to be focused by a stepper shoul possi bl e because 20 the
depth of focus of the optical sysESHgPécﬁ Igfﬁggly small. A polishing
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pattern n moven 11 ¢ has heret r eeh used as a

pol i shi ng d 9rap upps urdye % ol ieghi t ahlye. ver,

as |1GCs andg%@%goﬁgbggggconp ngfe Elgﬁf %ﬁ? VBER godgg‘ntggbate @e

recently yﬁéfﬁichiakiyrQﬁ““ﬁGQOHQSH¥N#X%pparatuS comprising a dresser
for dressing a surface of a polishing cloth attached to an

10 upper surface of a polishing table.

Background Art

As semiconductor devices become more highly integrated
in recently years, circuit interconnections become finer and
15 the distance between those circuit interconnections becomes
smaller. In case of photolithography which <can form
interconnections that are at most 0.5 pm wide, it 1is
required that surfaces on which pattern images are to be
focused by a stepper should be as flat as possible because
20 the depth of focus of the optical system is relatively small.
A polishing apparatus for perform chemical mechanical
polishing (CMP) has been used for} planarizing the

semiconductor wéfer.
In a polishing apparatus for polishing and planarizing
25 a surface of a semiconductor wafer on which a device pattern
is formed, a non-woven fabric has heretofore been‘used as a
polishing cloth attached to an upper surface of a polishing

table. However, as ICs and LSIs have become more highly



difference in |l evel of the surface, to be polished, of the device pattern
in polishing. In order to nmeet the demand for polishing redUSEPTEMBERZQ0:
in level of the surface, to 5 be polished, of the device pattern, a

polishing cloth nade of a hard material, e.g., a polishing cloth of foam

gg{)mfey gagﬁaegg%t%%e“i Sed-ecglhliciglt g;?g%gg pousfﬂg]gr@gg&%tdustgomggg% as

, a polishrng ta havi ng a polishing cloth

(pal  shi ngqpad) 4QQAAcheg.] hereanAnd, const ] ubT BE Bepoldsahi ndo gUtace,

and a top r olding a substrate Was a worKpl ece to be polished,

such as a 48691.€0 Ofn Wahers o1 sy a mRnRgigdhalo t hgesurdfaceqbraha
pol i shed faces the polishing table 402. A sem conductor 15 wafer Wis

pol i shed by t-his 10QHiHY NEARRAr @t HBeASNES! EAWS evelN® MAlHs N Dgriabl e +402
and the top ring 404 are independently rotated, and, while a pollshlng
liquidgds psupplliethdd,oma paki shivigd i shittenozzhe pdQB spriery derb efomadet he
polishing table 402, the sem conductor wafer Wis 20 pressed agai nst the
pol i shing efFoth 48@ran taeddlalshi ng gtable 482 adhingr ededet mi 0€d poassur e
by the top ring 404. For exanple, a suspension of fine polishing particles
of silicapolytlethike,i hasnbaletalusesbl ution is used as the polishing

| iquid supplied fromthe polishing Iiquid nozzle 25 406. Thus, the

semi conduct or waFeisWtiypepod f shed 1sbiadf |appardtuypr coiprsheby tde sbawhnned
effect of a chem cal polishing effect attained by the alkali and a

nmechani cal 1poFil&hi g - e f ROt 1ahdapnddhe t He? pbRY3ATNg Paltlisdiiesg oleth

SEPTEMBER 2005 When the sem conductor wafer Wis brought i nto_ contact
10 (polishing pad) 400 attached thereon an constituting a

polishing surface, and a top ring 404 for holding a
substrate W as a workpiece to be polished, such as a
semiconductor wafer, in such a manner that the surface to be
polished faces the polishing table 402. A semiconductor
15 wafer W is polished by this polishing apparatus as follows:
The polishing table 402 and the +top ring 404 are
independently rotated, and, while a polishing liquid is
supplied from a polishing liquid nozzle 406 provided above
the polishing table 402, the semiconductor wafer W is
20 pressed against the polishing cloth 400 on the polishing
table 402 at a predetermined pressure by the top ring 404.
For example, a suspension of fine polishing particles of
silica or the 1like in an alkali solution is used as the
polishing liquid supplied from the polishing liquid nozzle
25 406. Thus, the semiconductor wafer W is polished to a flat
mirror finish by the combined effect of a chemical polishing
effect attained by the alkali and a mechanical polishing

effect attained by the polishing particles.



with the polishing cloth 400 and the polishing table 402 is [

perform polishing, polishing particles or polishing mastes‘gﬁgﬁéﬁagtﬁ€@0§o
the polishing cloth 400, 5 resulting in a change in properties of the
polishing cloth 400 and a deterioration in polishing perfornmance.

Therefore, 1f agyldentic en&c’éwawg%ﬁc'&;&é% Ls penaghedindiseddare,

pol i shing sem conductor wafers ens such as pol'ishing rate

and uneven, pob Shinig, a1 £spaused: ok A08Cko i QST LT SUERRPEORHOTS, o

conditioning ca essing is perforned after or during the

pol i shing efthheq semdcopduahom Walsri i fggenghatianting Pohdshinges! otdy
When the dressing of the polishing cloth is perforned, =~ a dresser 408 is

provi ded i Bot R8nRQl Shi Sige dPRHA MEtadREd 12 tHige PRbilSRhIGC! OLHHO0Q s
dressed by the dresser 408 at the tine of the replacenent of a seni conduct or

waf er Wt orbgulpahigshiad, af ehaeemire. pSppertical by, tiu | LoRidhesgi RGoth

el enrent attached to the | ower surface of the dresser 408 is pressed agai nst
t he polishéfg ehdth 4@0eoriddesipol iighipmgl 2¢h irah| me dD2rmdhee polTsdhtafp tapl e
402 and the dresser 408 are independently rotated to renove polishing
particl es afdanpoldeht hgahapprdd satingcheldbtlo ¢0e psl irdfiang ey aceednd oo
flatten and dress the whol e polishing surface, whereby the polishing
surface i spPégehéngt etbmPEPWEGteespaéerso W herdpleisinag sefcha ol Lohiergd
cloth, in accordance with the properties of the polishing cloth, the
convent i onBPLpENILERI FG tep SR tURS PR 53 bie dFesSarsede| eERefrfipgmtiche
group including a contact-type._di anond 3 6 SEPTEMBER 2005 dresser, having
di amond paPYFEFERE aSEG ta8¥9g§ﬁ@sbru§ﬁndltl°nlng called "dressing is

performed before, after or during the polishing of the
semiconductor wafer to regenerate the polishing cloth.
When the dressing of the polishing cloth is performed,
a dresser 408 1is provided in the polishing apparatus, and
15 the polishing cloth 400 is dressed by the dresser 408 at the
time of the replacement of a semiconductor wafer W to be
polished, for example. Specificaily, while a dressing
element attached to the lower surface of the dresser 408 is
pressed against the polishing cloth 400 on the polishing
20 table 402, the polishing table 402 and the dresser 408 are
independently rotated to remove polishing particles and
polishing wastes attached to the polishing surface and to
flatten and dress the whole polishing surface, whereby the
polishing surface is regenerated.
25 With respect to the dressing of a polishing cloth, in
accordance with the properties of the polishing cloth, the
conventional polishing apparatus comprises one dresser

selected from the group including a contact-type diamond



dresser having a brush, and a non-contact-type dresser for ejecting a fluid

jet toward the surface of the polishing cloth to performdrﬁeé"'slf'?ﬁj‘flggR200éj

However, in the dressing of the polishing cloth, it has becone necessary to

use different dressers, for exanple, a dresser for thinly shaving the

surface of .the polishin initial,surface congit%gﬁing bef ore use
AttonY

cloth fo
Tn pol i ShAfGSSETd DA% er ¥ M AT St Shyed agcT oAt it
| [.i shi l.i qui d L i shi t f h | i shi | ot h
slurry (polishing Ligui) and.pobl shing wastgs Lramdne, ool shigg.cloth in

t he poli shi ess. odged ~aggregation of t urty” (polishing

liquid) or eﬁg%tiplglsigh!fggivaas es ro%,aqc;zfiﬁgvvs%qffarc%m&?et@g ilégi[lnﬁghiln%t h,

there is a high pdssibility that the polishing particles an

pol i shi ng ?@BEﬁSt%r%e@%%@%h%Qe@%iHQﬁ polishing cloth to deteriorate the
u

pol i shi ng nction, or the surface,” to be polished, of the sem conductor
waf er i scratchgdyet@sUl tifigthken dr vy @ty Ybel dhelhgbef Shengl itden, it
conventional polishing apparatus, two or nore dressers having different
dressing 20ael parohe skewsdde replused aste raedette J4d 8s Wof&ri §xample,
troubl esome and di sadvant ageously | owers the throughput of the

senm conductordnafsyr Fort Rérinliyn shevingvehe anatfqod | 6B nheappal 8kUsng f
the top ring unit and the dressing unit are provided 25 adjacent to each

ot her for céasbns fofr t hewirteitY i csunfiacé t henHaydonhingr dfefaond urasetyiaf top
ring units and a dressing unit are arranged on a single table so as to
interfere ppihshéagh enber, dressedr i memanirse Padagdetyontyathen blfe t op

4 6 SEPTEMBER 2005 ring does not performpolishing and is positioned at a
10 the slurry (polishing liquid) and polishing wastes from the

polishing cloth in the polishing process. If the clogged
aggregation of the slurry (polishing 1liquid) or the
polishing wastes are not removed from the polishing cloth,
there is a high possibility that the polishing particles and
15 the polishing wastes are attached to the polishing cloth to
deteriorate the polishing function, or the surface, tb be
polished, of the semiconductor wafer is scratched, resulting
in lowered yield. Therefore, in the conventional polishing
apparatus, two or more dressers having different dressing
20 elements should be replaced as needed. This work 1is
troublesome and disadvantageously lowers the throughput of

the semiconductor wafer.
Further, in the conventional polishing apparatus, if
the top ring unit and the dressing unit are provided
25 adjacent to each other for reasons of the restriction of the
layout, or if a plurality of top ring units and a dressing
unit are arranged on a single table so as to interfere with

each other, then dressing can be performed only when the top



stand-by position. As a result, polishing cannot be perforggﬂggﬁﬁh* REBE
dressi ng, and hence the nunber of sem conductor wafers to TRER 2803

unit time is 5 decreased. The thickness of a thin filmformed on the
surface of a sem conductor wafer varies fromposition to position in the

radi al direction,of the sen conductor ,wafer de di 0 i deposition
met hod or ERBIchAPSEt 195t iR ot~ FOlh1d n@epgglgtig% popsa%{él)fléga 2%

Speci fical | t.he thin f.iJ.mhas a, filmth ss di j i op i he.radi a
direction.S¥Eagt§¥r,b%ﬁ§44Q¢%thiéf%eég] |§%¥?§Utigﬁf%%¢?g dgsgﬁgﬁhgt%%

the type o e?fgh}n%deag.%hbongﬂgt h@PeQéiﬁtif' | M genpsidd onn APRRKAMS - of
Specifical Iy, the position-and nunber of 15 portions having a large film

thi ckness kBntBgnbadicalr diaatd onandd he,dh ffies@ncgein thigknessebetineen
thin film portions and thick filmportions vary depending on the type of a
filmdeposihtteBagetihod or a fil mdeposition apparatus. However, in the

af orenenti oned conventional dresser, 20 the whole polishing surface is

uni formy dressetihes@htibahnestshe ol €hpol Eshnndosumeldace ithe egencaaked it o
uniform condition, whereby the whole polishing surface has uniform
pol i shi ng perdenriranciictidner ghdee, vdride Wrohe mrsiatioin atosem sontect an
wafer is uniformy pressed agai nst the 25 polishing surface after the
pol i shi ng sbhefasdird déegemdriaredf Hyheg heemiornvehid omal walf esséepentendt ba
polishing rate is identical on the whole area of the sem conductor wafer.
Thus, it i8 ifigessiepesibiper Matthqsbl P5hithg | ¢hacrerdahelelcs 6 OSERTENBER 2005

with the above filmthickness distribution, and hence the )
10 deposition apparatus. Specifically, the thin film has a

film thickness distribution in the radial direction.
Further, the film thickness distribution»varies depending on
the type of a film deposition method or a film deposition
apparatus. Specifically, the position and number of

15 portions having a large film thickness in the radial
direction and the difference in thickness between thin film
portions and thick film portions vary depending on the type

of a film deposition method or a film deposition apparatus.

However, in the aforementioned conventional dresser,

20 the whole polishing surface 1is uniformly dressed, so that
the whole polishing surface 1is regenerated to uniform
condition, whereby the whole polishing surface has uniform
polishing performance. Therefore, if the whole area of a
semiconductor wafer 1s uniformly pressed against the

25 polishing surface after the polishing surface is regenerated
by the conventional dresser, then the polishing rate is
identical on the whole area of the semiconductor wafer.

Thus, it is impossible to perform polishing in accordance



sem conductor substrate is excessively polished in portions havin snal+
filmthickness and is insufficiently polished in portions W§EQﬁF Fﬁéoqlrn
t hi ckness. 5 Disclosure of Invention The present invention has been made in
vi ew of the above drawbacks. It is therefore a first object of the present
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the polishing.dl Otéanda;lnmgt ?flrgmt'hir&'ﬁ?x%sslg?rﬁppﬁg atiyus., deY order Opat&%ghedt he

first object, "accor 0 one aspect ~the present invention, there is
provi ded aéﬂ%béf&&egs&ﬁ LALUS Middh @ 1Reldrshiig dabl e having a pol i shing

surface and a'top ring for pressing a workpiece to 20 be polished at a
predetey m ned pressure with interposing the workpiece between the polishing
table and the top ring to polish the workpiece, the polishing apparatus
conprising: at |east two drepss8losirésofornderssbng the polishing surface
by bei ng brought into contact with a surface of a polishing 25 cloth.
According to a prréergretsaspechvehttibe presebteni mvadd i dm diessers ithet he
at least two dressing units conprise different dressing el enents,
respectivehpoveé 61:SERIEMBER 2005 is therefore a first object of the
present invention to provide a polishing apparatus
10 comprising a dressing unit which can maintain good polishing
performance of a polishing cloth used for polishing a
semiconductor wafer and thus can enhance the yield and
productivity of the semiconductor wafer, and a dressing
method for dressing the polishing cloth in the polishing
15 apparatus.
In order to attain the first object, according to one
aspect of the present invention, there 1is provided a
polishing apparatus with a polishing table having a
polishing surface and a top ring for pressing a workpiece to
20 be polished at a predetermined pressure with interposing the
workpiece between the polishing table and the top ring to
polish the workpiece, the polishing apparatus comprising: at

least two dressing units for dressing the polishing surface
by being brought into contact with a surface of a polishing

25 cloth.
According to a preferred aspect of the present
invention, dressers in the at 1least two dressing units

comprise different dressing elements, respectively.



According to another preferred aspect'of the present inventiagn t |
one dressing unit is a dressing unit conprising a dresser Waﬁﬁl’ﬂ&al‘améﬁiﬁéﬁ er

| arger than the workpiece to be polished; and at | east one dressing unit is
5 a dressing unit conprising a dresser having a dianeter snaller than the

wor kpi ece to be polished. According to a further preferred aspect of the
present inventiBACOLRNEr d<3i ARCHARPE ATRHSIESTY PR AFeSderthayvPigsent

di anmeter smaller than the workpiece to be polished is swin 10, durin

dressi ng. ABYSREIAG t AandCRET afPectdTES Y prBsEntt n@erf?l?eosrﬁln‘?h Gs
provi ded a dressing met hod for dressin a(%og*shi clotheprovided i@la
pol i shing SPPRFACILT wher@FR°SERI tFAYHYY conditi ity the Bt i ShFy &St n

grefe e Ugfwggkg@gceo'tios'Hengp%%gsﬁcxda [§S8kng Uit q%%maiéwg%(ghehﬁm%

dresser; condi tironing thé polishing c etween

processes of SoLLSPLAY (e VOLKRLLEE 19 be RSN, K idg dhesHl Attt

conprising a esser. Accordi ng anot her aspect o € present

20 inventi Qﬂal&_@%r €hhs RheVidekA Hess e Eihadhdpr dressing a polishing
cloth provided in a polishing apparatus, wherein: initially conditioning

the polishing clgthobafagetouse furde pAd v iaép@c@r@ﬁstﬁe BRkent
conprising a dianond dresser or an Si C dresser; and between processes of 25
pol i shing theewerkpi,eedet dree sield ek ddnstilyimpnethd | @nésgert Havpaki shi ng
cloth by a dressing unit conprising a dianmond dresser or an Si C dresser,
and t hen capndintieni sgatlner pdldrshilg ebeokhibyeatdr éssipudl istidd cOpBwsinRy a
brush 7 6 SEPTEMBER 2005

10 during dressing.

According to another aspect of the present invention,
there is provided a dressing method for dressing a polishing
cloth provided in a polishing apparatus, wherein: initially
conditioning the polishing cloth before use in the polishing,

15 by a dressing unit comprising a diamond dresser or an SiC
dresser; and conditioning the polishing cloth between
processes of polishing the workpiece to be polished, by a
dressing unit comprising a brush dresser.

According to still another aspect of the present

20 invention, there is provided a dressing method for dressing
a polishing cloth provided 1in a polishing apparatus,
wherein: initially conditioning the polishing cloth before
use 1in the polishing, by a dressing wunit comprising a
diamond dresser or an SiC dresser; and between processes of

25 polishing the workpiece to be polished, firstly conditioning
the polishing cloth by a dressing unit comprising a diamond

dresser or an SiC dresser, and then conditioning the

polishing cloth by a dressing unit comprising a brush



dresser. According to a further aspect of the present inventjon, there is
provi ded a dressing nethod for dressing during polishing of® SEP 5?%3305[ o]
be polished in a 5 polishing apparatus, wherein: dressing is perfornmed while
SWi nging a dressing unit conprising a dresser having a dianeter snaller

t han the M@rkgiece to be polished; and after a top ring is w thdrawn,
dressing i S peffbrned by a dressing unit conprising a dresser having a

di aneter | arger 1&g%@%@i£§e war kpj ecg, Lo, b Eggégggd.o@CCQQQQHQngg%E%

present invention, ere’1s no need 0 repla contact-type d

dresser hay)odn i 8HONG L cPRI LICIAS AR £00EBCLIMYPRARINEN 5252 sBaKLNg 3

brush with each other, and the polishing cloth can be dressed 15 using a

sui tabl e C@@Piﬂetiﬁal%h%g_sssﬁs al t wot Kk 180e0NE PbjRCt N1 {HG@r e8/Nt 5
invention to provide a polishing apparatus which can perform polishing in

accor dgncepyd § fh anghiggdnasscul st whbutiion odrasébhg fiid npek@omeGONWAisSH f ace
of a workpiece to be polished, such as a 20 sem conductor wafer, and thus
can obt ai nswih&ongi ty afrddwing i umitthi cloresd safiger apolirebsrg. havander at o
attain the second object of the present invention, there is provided a
pol i shi ng @ppastéus smdlhlear phlnshthg twdtlep bewve ngca pel | philhghedr;f agedand a
top ring 25 for pressing a workpi ece agai nst the polishing surface of the
pol i shing 4fabke to tpod i shnghé sworkgideczynt hdrpebiishi ng ppparategs by a
conprising: a dresser for dressing the polishing surface of the polishing
table is fdreheingr vRidedompld sgng SEFIEVBER 208%ing a diameter larger

10 than the workpiece to be polished.

According to the present invention, there is no need
to replace a contact-type diamond dresser having diamond
particles and a contact-type brush dresser having a brush
with each other, and the polishing cloth can be dressed

15 using a suitable combination of dressers.

It is a second object of the present invention to
provide a polishing apparatus which can perform polishing in
accordance with a thickness distribution of a thin film
formed on a surface of a workpiece to be polished, such as a

20 semiconductor wafer, and thus can obtain uniformity of the
film thickness after polishing.

In order to attain the second object of the present
invention, there 1is provided a polishing apparatus with a
polishing table having a polishing surface and a top ring

25 for pressing a workpiece against the polishing surface of
the polishing table to polish the workpiece, the polishing
apparatus comprising: a dresser for dressing the polishing

surface of the polishing table 1is further provided, the



dresser dressing an area of the polishing surface used for ol ishing a
predeterm ned position of a surface, to be polished, of th SMWQ@BZP%
accordance with a film thickness to be polished in the predeterm ned
position of 5 the surface to be polished. According to another aspect of

the present invention, there is provided a polishing a at us _conprd sin

at Igast 8ﬁ§S§Praqﬁﬁﬂ%ﬁf?ﬁﬁﬂaﬁfgﬁ1FH? ﬁ%%igaafﬁ 188e§£§§£6ﬁ3t%§egg F?%h?ng
surface of the polishing tabl a.rot.ating. 10 nechani smfor- rotati he
ARSI el Y R TR T S R
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at |east one or a’speéd of novene he dresser novi ng

mechani sm tﬁiéﬁ}qgggoof@ t ﬁgegsr%ﬁfsﬁ&gy%e% BYctibeelnihokatdd\G EGhaRiSM

and a pressin esser t he pressing nechanism wthin an

area ofg t he,pok|;skipg t%u%%aggﬂgggngpr pol i shing a predeterm ned position

of a surface, to be polishe of the workpiece in accordance with a film

thi ckness to be pekbshedqgl d hthdredet gspiaedo 2GR0 dd uh©f i hhiensubhace to
be polished. According to the present invention, an area to be dressed can

be vari ed apedesiikegreoitilion tthedqualsisiinapsirdace. cdher e big; &belpakitshi ng
cloth used for polishing an area in which the filmthickness to be polished
is |arge 2bnes dff easetbwibng tteartharhesnpokbshimys iclet thesediréosepoldrshichg an
area in which the filmthickness to be polished is small. Thus, an area in
whi ch the pplmshhngkness fiazehe bl i thed pelibaigg cambie pola shedtegliagi vel y
nore, and an area in which 9 6 SEPTEMBER 2005
10 mechanism for rotating the dresser, and a pressing mechanism
for pressing the dresser against the polishing surface of
the polishing table; and a controller for controlling at
least one of a speed of movement of the dresser by the
moving mechanism, a rotational speed of the dresser by the
15 rotating mechanism, and a pressing load of the dresser by
the pressing mechanism, within an area of the polishing
surface used for polishing a predetermined position of a
surface, to be polished, of the workpiece in accordance with
a film thickness to be polished in the predetermined
20 position of the surface to be polished.

According to the present invention, an area to be
dressed can be varied as desired within the polishing
surface. Therefore, the polishing cloth used for polishing
an area in which the film thickness to be polished is large

25 1is dressed more than the polishing cloth used for polishing
an area in which the film thickness to be polished is small.

Thus, an area in which the film thickness to be polished is

large can be polished relatively more, and an area in which



the filmthickness to be polished is small can be polished relativelﬁ | ess.
Consequently, polishing can be properly perfornmed in accor SHNETT ENBER2A05

profile (filmthickness distribution) of the surface, to be polished, of
the 5 workpiece. According to one preferred aspect of the present
i nvention, the dresser. has a d%a mal.l er than t i ece.t.o be

t
pol i shed. EQFt ™ ¢ HSer 8?2@53?3 H%““%of?sﬁﬂﬁ %sdﬁggggedﬁﬁ%hfhed
lishing. F h ., the 1 | i shi t.us .furt i
2o S, ST e 1000 Ao, ppog U e, S,

cleaning b | eaning t he ser. ano

aspect of LORCRLRSAN sn | MM NGiRE! | SRENG, APPAT ST UG s  RAN cROYJ ses

afilm th ness ‘measuring unit measuring -a filmthickness o

surf ace, t?iP%rE?hk%Bﬁ‘?’ gl thenorkpimee Wid this H811a0g8MeNnbs thee
actual profile of the surface, to be polished, of the workpiece can be
obtai ned by,ppgsurement with the filmthickness nmeasuring unit, and hence
polishing can be performed nore properly in accordance with the actual 20

profile of each gEcbheimgrkpbecese Apeerdingdt 0aspkuit hef aspect pek sidhe
present invention, the polishing apparatus further conprises a second
dresser fonvedhesshng shbstdrdssbty Hde wholdd aateftme r0f siad lpal | shiang tsw f ace
agai nst which the workpiece to be polished is 25 pressed. Preferably, the
second dressekphaseatdi dretmrlislaeder Fhanhéhe whekplmosdn deepobsshéd, and
the second dresser dresses substantially the whole area of the polishing
surface agaphéshwhgch stirdager kpleengo belpshiswed 10 BUSERMENBER 20@5e

10 polishing apparatus further comprises a cleaning bath for
cleaning the dresser.

According to another preferred aspect of the present
invention, the polishing apparatus further comprises a film
thickness measuring unit for measuring a film thickness of a

15 surface, to be polished, of +the workpiece. With this
arrangement, the actual profile of the surface, to be
polished, of the workpiece can be obtained by measurement
with the film thickness measuring unit, and hence polishing
can be performed more properly in accordance with the éctual

20 profile of each of the workpieces.

According to a further aspect of the present invention,
the polishing apparatus further comprises a second dresser
for dressing substantially the whole area of the polishing
surface against which the workpiece to be polished 1is

25 pressed. Preferably, the second dresser has a diameter
larger than the workpiece to be polished, and the second
dresser dresses substantially +the whole area of the

polishing surface against which the workpiece to be polished

10



is pressed. Wth this arrangenent, protrusions on the polishinq,surfage can
sel ectively be renoved to flatten the polishing surface. Sﬁé%gﬁﬁégﬁ$§yoos
since portions of the polishing surface which has been nore dressed during
5 polishing are worn earlier than other portions, irregularities are
generated on the surface of the polished surface after the Bolishin

oper at i on. 1 HovRRRF S ess Mg oy thife 2EEBRESURBSser PEQRTHENBUE ofilly g%%
protrusions jn the irreqularities to flatiten the polishing surface. 10
Furt her, aﬁ%gfﬁ?h@gt8“5%%Fﬁe?%ﬁqﬁﬁie LY HeY pPes&RICVE éﬁﬂéyﬁtVﬂEnt?%e
pol i shing surface has_been |ocallly warn, .the s dres resses
"substantia??gla%én%ho?%rg?%%'of S%ﬁglp&Fﬁé%ﬂhg'ggg?%cepgﬁiﬁhn?hiéﬁ the

vor n aue. 18016 HES G BYEERRor P, i (reesl MRoRd TR REELAGT 1Y

worn due t® e ot her dresser,

oL ShERT SAPLIERD beateoet [Ped D SEEOND: I CRRgh, T Glondior YL PRILOT M 1O

t he subsequen shing w I gher ~accuracy. According to Urt her

aspect of %Pfﬁﬁgégfﬁegoairevwe%ﬁtéoﬂ%@ L5ePeayided 8 PelicsNid; apharat us

with a polrs g tapble having a polishing surface and a top ring for
pressing as\Wworkpi egeragaichst pbhe shahigs igad-surdrace mwfveddle RRldSNINY B@bl e

to polish the workpi ece, the polishing apparatus conprising: a dressing
unit integemdl ¥ehavdndmwe25efi bah draases 60Lydressipgothes pohs shinngeisalr f ace
of the polishing table during polishing of the workpiece to be polished,
and a secoitr&hpessertios doesiangehhehpobbshshdngsuifcdaeeaf the poli shing
t abl e when the workpiece to be 11 6 SEPTEMBER 2005
10 Further, according to another aspect of the present
invention, when the polishing surface has been locally worn,
the second dresser dresses substantially the whole area of
the polishing surface. With this arrangement, for example,
even when the polishing surface has been locally worn dﬁe to
15 the dressing of the other dresser, the state of the
polishing cloth can be reset by the second dresser, for
thereby performing the subsequent polishing with higher
accuracy.
According to a still further aspect of the present
20 invention, there 1is provided a polishing apparatus with a
polishing table having a polishing surface and a top ring
for pressing a workpiece against the polishing surface of
the polishing table to polish the workpiece, the polishing
apparatus comprising: a dressing unit integrally having a
25 first dresser for dressing the polishing surface of the
polishing table during polishing of the workpiece to be

polished, and a second dresser for dressing the polishing

surface of the polishing table when the workpiece to be

11



polished is not polished. Wth this arrangenent, two dressers havin

di fferent purposes can be integrated, for thereby reducinQQﬁgggggﬂpgRgﬂgie
for the apparatus. 5 Brief Description of Drawings FIG 1 is a plan view
showi ng a whole structure of a polishing apparatus according to a first

eroodi ment o911 Lhegn PEESeRby MXETLLAAY FI Swgchs BngCoSsrpaabLABAL Vi 2d aken

al ong a i Re . 3A'to 3C are diagra showi ng a

det ai | ed F@Iaéyg%\yée ﬁvi%fraa%g%riea&? églﬁg%ég@g Wi BaViing Ryl @dePnd £o

dr esser, IS a bottom view, is a cross- sectional viewtaken

along a |ipgRegaB Of:,eﬁhg‘lin Ane@@@s%&?Bspﬂa%e?@drs @ eppaechyi ew of a

portion b in FI 3B; 4A and are di agrans showi ng a detail ed
structure of a dresser in a dressing unit having a brush dresser, FIG 4A
is a bottomview, and FIG 4B is a cross- sectional view taken along a line
b-b of sFI G 4A; 20 FIGS. SBrihefl BEsareptiohngfcbaawingBow ng a series of
processes of polishing and dressing using the polishing apparatus shown in
FIG 1, FIG 6 iBI@.plLadsviewsaowngwa shiwotimgonsivhodtei ererafctwarepod £shi ng
apparatus according to a second enbodi rent of 25 the present invention;
FIG 7 is potisssngeepparaltus ewrtakengl ¢ng aa finet ¥mboulimeoft G tée FI G
8 is atimng chart showing a series of processes 12 6 SEPTEMBER 2005 of
pol i shi ng pngsenessngntisPAg t he pol i shing apparat us

FIG. 2 is a cross-sectional view taken along a line

10 II-II of FIG. 1;

FIGS. 3A to 3C are diagrams showing a detailed
structure of a dresser in a dressing unit having a diamond
dresser, FIG. 3A 1is a bottom wview, FIG. 3B is a cross-
sectional view taken along a line a-a of FIG. 3A, and FIG.

15 3C is an enlarged view of a portion b in FIG. 3B;

FIGS. 4A and 4B are diagrams showing a detailed
structure of a dresser in a dressing unit having a brush
dresser, FIG. 4A is a bottom view, and FIG. 4B is a cross-
sectional view taken along a line b-b of FIG. 4A;

20 FIGS. 5A and 5B are timing charts showing a series of
processes of polishing and dressing using the polishing
‘apparatus shown in FIG. 1;

FIG. 6 is a plan view showing a whole construction of
a polishing apparatus according to a second embodiment of

25 the present invention;

FIG. 7 is a cross-sectional view taken along a line

VII-VII of FIG. 6;

FIG. 8 is a timing chart showing a series of processes

12



shown in FIG 6; FIG 9 is a front view showi ng a vari ant of t he enbodi
showmn in FIGS. 6 and 7, in which large and small 5 dr esser 9 %F%TWB
FIG 10 is a schematic plan view showi ng a polishing apparatus according to
a third enbodi nent of the present invention; FIG 11 is a vertical

cross-secti al i.e .10 sghe tically show ng ., Jrai f hi ng
section in® hBOE Hgng 4 p2$ tos 4dcorat iy 6 hé’r;5 pLaSh n?nb%&% %;
t he present_ i nve c Fl 12 is a schematic pI an vi ew ShOWI ng a poI i Shl ng

section in thhe po Shl ng apparatus shown in FIG 10, 15 illustrating a

state of initial pgurfage con t'f%r{tg Ofied  BRLISALNGa Clhhiadd Gofl3 ting @

schematic plan view showi ng the polishing section’in the polishing

appar at us %h\%walhﬁn'%l Ghobth ih! FeSEraki Baqa 7St ate i B0l i shhadahy arkan
ring; 20 FIG 14 is a timng chart show ng an exanple of a ~series of

oper at i 9ns gird stshe spaldesimgrisetj on shown in FIG 11; FIG 15 is a timng
chart showi ng an exanple of a series of operations in the polishing section

shown in FIG 2B1%l; 10 Gsl@ issheerdtiidgpLdar tishowinug iary exapplle sbfinay
series of operations in the polishing section shown in FIG 11; 13 6
SEPTEMBER 2p@arkitGs ldctsrdihbowveahar ttisivodv egban iseatpl ef ofthee spresent
invention;
FIG. 11 is a vertical cross—sectional view
10 schematically showing a main part of a polishing section in
the polishing apparatus according to the third embcdiment of
the present invention;
FIG. 12 is a schematic plan view showing a polishing
section in the polishing apparatus shown in FIG. 10,
15 1illustrating a state of initial surface conditioning of a
polishing cloth;
FIG. 13 is a schematic plan view showing the polishing
section in the polishing apparatus shown in FIG. 10,
illustrating a state of polishing by a top ring;
20 FIG. 14 is a timing chart showing an example of a
series of operations in the polishing section shown in FIG.
11;
FIG. 15 1is a timing chart showing an example of a
series of operations in the polishing section shown in FIG.
25 11;
FIG. 16 is a timing chart showing an example of a

series of operations in the polishing section shown in FIG.

11;

13



of operations in the polishing section showmm in FIG 11; FIG_18 |
vertical cross-sectional view schematically showing a nain6§5ﬁ¥¢ﬁh§32mﬁ

polishing section in 5 a polishing apparatus according to a fourth
enbodi nent of the present invention; FIG 19 is a schematic plan view

showing a polishifg $gcilon dolnenaold SN RPRA %%@%Oééiggs&gibgg

fourth enbodi nent of the present invention, ustrati a state o

initial Suct;,f]aﬁefge bh50RhNgREl KR 1RGkSH NG G isH@ 120 Ps @ sehematic
pl an view showi ng the polishing  section in the polishing apparatus

according to thezfgurthigenbedi neat of,dha qresedrddyeitd®ihndl | ustiaki ng a
state of polishing by a top ring; and 15 FIG 21 is a schematic

Cross-sectdonahavVienwl showhagiag conveit i paat pel bshiond sagpay adast i BestnMode
for Carrying Qut the Invention A polishing apparatus according to s first
enbodi senta BBlakhtiheg pagsenstusveridoadiwid | tbe adefeut tied ehdlodimerith of
reference to FIGS. 1 through 5B. FIGS. 1 and 2 show a whole structure of

t he polishtng mppseatusnaevsoidnng to the present invention, FIG 1 is a
plan view, and FIG 2 is a cross-sectional viewtaken along a line II-11 of
FIG 1. As 25 sHHolh. i h9FIiGS.a 1sghdmatichelpal i siewgshppandt ¥s rohpshseg a
polishing table 1 and a top ring unit 4 having a top ring 3 for pressing a
sem conducieRtiit ein? tdyai PetishengoRPPRnAFUSt ateoadifg | 8ohdihgi njoukeh

sem conductor wafer 2. The 14 6 SEPTEMBER 2005 pol.ishing table 1 is coupled
to a rotoreMBPEHIERE P6t ARgHPESEEBGt 18 VaRArCTof ltlHe! ST NS, 2 a3t3 Bl @4t ed

by an_arrow. : s s C
y 10 iniéﬁal surface conditioning of a polishing cloth;

FIG. 20 is a schematic plan view showing the polishing
section in the polishing apparatus according to the fourth
embodiment of the present invention, illustrating a state of
polishing by a top ring; and

15 FIG. 21 is a schematic cross-sectional view showing a

conventional polishing apparatus.

Best Mode for Carrying Out the Invention

A polishing apparatus according to s first embodiment

20 of the present invention will be described below with
reference to FIGS. 1 through 5B. FIGS. 1 and 2 show a whole
structure of the polishing apparatus according to the
present invention, FIG. 1 1is a plan view, and FIG. 2 is a
cross—sectional view taken along a line II-II of FIG. 1. As

25 shown in FIGS. 1 and 2, the polishing apparatus comprises a
polishing table 1 and a top ring unit 4 having a top ring 3

for pressing a semiconductor wafer 2 against the polishing

table 1 while holding the semiconductor wafer 2. The

14



polishing cloth 5 is attached to the upper surface of the paolishing table
1. 5 The top ring unit 4 is horizontally sw ngable so that tWTF@ﬁgFBﬁ@’SS
can be positioned at a delivery position above a pusher 16 for delivering a
sem conductor wafer 2, a polishing position on the polishing table 1, and a
standby o e position. .Th i 3.1 pl ed ot
shown) and&?%l%%%ﬁ c?%éi%oqaﬁlgﬁgéggg%lcy i e?9§%oég gh@wﬁfngkgﬁﬁég?%ge,
the top ri i icald a i Saf : aboqut ws, » and
can press Q%% |s%i%gggro?ﬁ-éj%%wggﬁﬁéogghcﬁzrQ&E%g?kgd %? FﬁgﬁéﬁééangAB by
ring 6 forprevetdngishaf ts of st hetiehen @ tAdi efRd byurtdieesem copduct or
wafer 2 against the under a desired pressure. The is attracted to the

| ower end i f 4ceng vagwiuen suction or the like. A guide the seniconductor
wafer 2 from being renmoved fromthe top ring 3 is provided on the | ower

peri pheral portimfe ofop heihgpuniing 43.i Fuidhezona pdy i shingaBel isquithstppl y
nozzl e (not shown) is provided above the polishing table 1, and a polishing
liquid is tSuppkbed oit® 3t heapolbheshpngithiohhd5 an thedgblveshy ngpdsald sod from
the polishing liquid supply nozzle: The polishing apparatus conprises a
dressi ng whdved a 25ubbherngd6a fdrammid wheigsera 7semhdorddeessi wgfemi 2 ,14a

having a brush dresser 11. Both of the dressing unit 8 and the
polishing position on the polishing table 1, and a standby

or refuge position. The top ring 3 1s coupled to a motor
10 (not shown) and is connected to an elevator cylinder (not
shown) . Therefore, the top ring 3 is vertically movable and

is rotatable about a shaft of the motor, as indicated Ly

arrows, and can press the semiconductor wafer 2 against the

polishing cloth 5 under a desired pressure. The

15 semiconductor wafer 2 is attracted to the lower end surface

of the top ring 3 by vacuum suction or the like. A guide

ring 6 for preventing the semiconductor wafer 2 from being

removed from the +top ring 3 is provided .on the lower

peripheral portion of the top ring 3. Further, a polishing

20 liquid supply nozzle (not showﬁ) is provided above the

polishing table 1, and a polishing liquid is supplied onto

the polishing cloth 5 on the polishing table 1 from the
polishing liquid supply nozzle.

The polishing apparatus comprises a dressing unit 8

25 having a diamond dresser 7, and a dressing unit 14 having a

brush dresser 11. Both of the dressing unit 8 and the

dressing unit 14 are horizontally swingable so that the

dressers 7, 11 can respectively be positioned at a dressing

15



dressing unit 14 are horizontally sw ngable so that the dressers 7, 11 can
respectively be positioned at a dressing 15 6 SEPTEMBER 200% YFFSIEMBERZA0} he
polishing table 1 and at a standby or refuge position. The dresser 7 is
coupled to a notor 17 for rotation and is connected to an el evator cylinder
18. Therefore, the dresser 7 is vertically novable and is 5 rotatabl e about

a shaft of PPRé tAsrorn 419 Akt bytahtows. anGhatdressapdpy ps Hafgige
vertically novahle and js rotatable _about a shaft by the same nmechani sm as
in the dreBS&Lt2O0E| csThea ERESSGH 3E showIH® aitPed?stTUREr el of e

di anond dresser_.in the dressing_uni , FIG _3Ais a bottom .10 view, FlIG
3B 1o a cr GOLACAER ofBr vidw FORBRCERANG 8 | Plle B157AFOE CrvEARIRR A 3c
is an enl ar,ged vi ew of por.t i b bn FLG : ho in,.FLGS._ _3A t.hrough
3C, the di ﬁ%ﬁﬁ%afgsSeF%? Fge%%eg d?skl orﬁ?gﬁdégéﬁ r?@gggglgregggﬁ ﬁﬁby 9

provi d®bgg9té§ﬁbﬁa B%%@;&hh%r aééxa‘iocr O 16, ) over SuEf Ace. 4 hﬁ{,egirgé&%@! the

dr esser as ban aped protrusions 9a having a prédet ef m né

circunfer e@ﬁlea'dél@s%té} for ekechrodeposi i 00y f f'ne@ap,a%t Il £5; OF rgka%%qe A
di anond el ectrodeposition ring 10 fornmed by el ectrodepositing fine

particles gf dragpRdairs 29 RHVIGeE bdhe S faces, ofnd herPsHLFUSI ONs Ya.
Wiile the polishing tablé 1 and the dresser 7 are rotated and, further, a

dressing |iquid syueh.asapeheowhers@nthow ftHECRSER! Yed ast POEESBENG £l irge d
are supplied froma nozzle (not shown) to the central portion of the

rotating peLasbhagdekstskrs, it heh@25dsesaeg ohithe  diFmmndzel st so8epasint i on
ring is brought into contact wwth the surface of the polishing cloth to
10 view, FIG. 3B 1is a cross-sectional view taken along a line
a-a of FIG. 3A, and FIG. 3C is an enlarged view of a portion
b in FIG. 3B.
As shown in FIGS. 3A through 3C, the diamond dresser 7
is in a disk form and comprises a dresser body 9 provided on
15 the peripheral portion of the lower surface thereof, and the
dresser body 9 has band-shaped protrusions 9a having a
predetermined circumferential width for electrodepositing
fine particles of diamond. A diamond electrodeposition ring
10 formed by electrodepositing fine particles of diamond is
20 provided on the surfaces of the protrusions 9a. While the
polishing table 1 and the dresser 7 are rotated and, further,
a dressing liquid such as pure water and, if necessary, a
polishing liquid are supplied from a nozzle (not shown) to
the central portion of the rotating polishing cloth 5, the
25 surface of the diamond electrodeposition ring 1is brought
into contact with the surface of the polishing cloth to

thinly shave the surface of the polishing cloth for dressing.

The diamond electrodeposition ring 10 has a structure such

16



thinly shave the surface of the polishing cloth for dressing. The di anond
el ectrodeposition ring 10 has a structure such 16 6 SEPTENVBErSERFEMBER:20P3 nhe
particles of dianond are deposited on the surfaces of the protrusions 9a,

and the portions on which dianond is deposited are plated with nickel, and
ces of the 5

h the fi ticles aof di d bond to th f
hence (e (12 B9t LOLSS, 0. Samnd ot bonder o, Lo, s gege gLbe B
d , f I t he di t f. the d body .i s .250. d
G esser, O BT AL0E! SRl e SLe3oRE bl | 20250, a2
| ectrod i j dt h J he ..
o eotr odepasiisd,ther apn apd g L ol Smare 1041 TANGES OBbMCLine

The di anet ggégﬁcﬁggwgfe%ﬁmcﬁ@&y dr% | 8bgakqt hay tfgﬁee dis%&%tfn{%s(e 2% mg), Of

the sem conductor er as a workpiece to be poli d, an esser

body has a,pBEg(,a;i8Ast B bRt @hRal jGidquFiengry al 15 side and the outer
circunferential side in thé radial direction of the table so that the

dressed area of f{hen pAldsdingtel othei Hilm@nGalont har thei &r eg Lfsdde rfor
polishing surface that is to be used for polishing the sem conductor

waf er. An Sk&mplesseheusd Ngndt & NGE CAARS idsicdGead Mddwl L5y 280 &fn,Siingeators
may be used instead of the dianond dresser having a di anond

el ectrodeppsutadiityi pg. sartdrsl oesehetde(8 Snéndeessen IFaS t A SanRving
structure as the dresser shown in FIGS. 3A through 3C, and has a nunber of
pyr anm d- shdpadongr ¢jlenttimrdeph sposed tberehe sand aee whatkeobfand havi age 25

several tens of pm FIGS. 4A and 4B show the detailed structure of the
10 arranged on the peripheral portion of the lower surface of

the dresser body to form a ring. The diameter of the
dresser body 1is larger than the diameter (200 mm) of the
semiconductor wafer as a workpiece to be polished, and the
dresser body has a margin on the internal circumferential
15 side and the outer circumferential side in the radial
direction of the table so that the dressed area of the
polishing cloth is larger than the area of the polishing
surface that 1is to be used for polishing the semiconductor
wafer. An SiC dresser using a ring comprising a plurality
20 of SiC sectors may be used instead of the diamond dresser
having a diamond electrodeposition ring. In this case, the
SiC dresser has the same structure as the dresser shown in
FIGS. 3A through 3C, and has a number of pyramid-shaped
projections disposed on the surface thereof and having

25 several tens of um.
FIGS. 4A and 4B show the detailed structure of the
brush dresser in a dressing unit 14, FIG. 4A is a bottom

view, and FIG. 4B is a cross-sectional view taken along a

17



brush dresser in a dressing unit 14, FIG 4A is a bottom view, 1B
is a cross-sectional view taken along a 17 6 SEPTEMBER ZOOSQ§WBE§0&§G

4A. The brush dresser 11 is in a disk form and conprises a dresser body 13
having a brush 12 on the whole area of the |ower surface thereof. Wile the

poIIShlng agée 1 an%lﬁg&cﬂ Se%h%16¥§%ﬂc§fg§§g9npl ?SfEﬁFQeﬁési %%%%?'ng

liquid suc ure Wat'er” ‘and,” hecessary I'shin

supplied fg Q@;_Z (got ]s&@%]) ggt,h e 54; }1 t4h gf 1thegfotald ng
pol i shi ng gﬁ]of% i%’e surfdace 0 E dgr Eis3tc1 R g % %h ?Lﬁ?o cont%ctttq’wth
the surfacgnghet he Rl i Yy ngpd ot forF d§@§§a8g tehéerermve fggLegatinen of

the slurry (polishing liquid) and polishing wastes fromthe polishing

cloth. Wthoriespael teabhe dineasioncipd tdissgiessar, aier rexamele, ahbe

di aneter of the dresser body is 238 nm and the dresser body conprises a
nyl on by ushuhavierg aal eagébs0hg7 MRuid5 oick hashgharar eatefr t hed,ownart
surface thereof. The dianeter of the dresser body is |arger than t he

di ameter (Z200eBBRrgf, tde peparmistdmducl dguiwefl exreas sapparilepi efeomt & beaopeallieshed,
and the dresser body has a margin on the internal circunferential side and
t he outer c¢hotushewent ital th@ siethenal tgrertriamh adf dikectoont dhgt peltiabliegso
that the dressed area of the polishing cloth is larger than the area of

t he pol i shthgtburs.acehehaurifaceo dfe tibed dwshpol $ shiragghthel stedri condacttor
wafer. FIGS. 5A and 58 are di agrans show ng the relationship 25 of

oper ati on VAthi ngr@esuefage hofesihert POdiE eSlefh proeesyestsipd i $Ri ng

and dressing using the polishin ) L
10 rémove —aggregation f the slurry (polishing 1liquid) and

polishing wastes from the polishing cloth.

With respect to the dimension of this dresser, for
example, the diameter of the dresser body is 238 mm, and the
dresser body comprises a nylon brush having a length of 7 mm,

15 on the whole area of the lower surface thereof.

The diameter of the dresser body 1s larger than the
diameter (200 mm) of the semiconductor wafer as a workpiece
to be polished, and the dresser body has a margin on the
internal circumferential side and the outer circumferential

20 side in the radial direction of the table so that the
dressed area of the polishing cloth is larger than the area
of the polishing surface that is to be used for polishing
the semiconductor wafer.

FIGS. 5A and 5B are diagrams showing the relationship

25 of operation in time series with respect to a series of
process o0f polishing and dressing wusing the polishing
apparatus having a construction shown in FIG. 1 for

processing semiconductor wafers.

18



apparatus having a construction showmn in FIG 1 for processin

sem conduct or wafers. 18 6 SEPTEMBER 2005 I n an exanpl e shomﬁﬁ’W@Réﬁ\gs
the surface of the polishing cloth is thinly shaved by the dressing unit 8
havi ng the di anond dresser 7 (see FIG 1) for performng initial surface

di tioni f th l'i shi | ot h bef f l'i shi d.th th
Sem conduct or vieter 2 | SUBOER SHOEBY the [ 1o S Csee FIEEoR e
iod bet i shi : d ' [ d by the . i
i t 14 hab? ho e RETDIULI Y ddser Y sca e Y, PPAS At S o

FIG 5B, t f ; 1 i shi hoi-s thnl ol
dr essi ng uﬂ$Y§§& ﬁ%%%gél%ﬂgngigﬁ%%%haggzgeﬁkgéng%per grﬁfﬁgayﬁgf?gpaggfface

condi ti oni Egieia;h%u%eﬂc%hié@n&iei&pﬁ%%% U 9hoPOLhShENG1 0@ dpbReR ! he
sem conductor wafer 2 is polished by the top ring 3. In"a period between

pol i shishg processes 1t Wpiskadeadd diRssi Rfel SsORIEGRABEoSPaFdféeald Vs
dressing is first performed by the dressing unit 8 having the dianond

dresser 7po8pghsdbsfAuenle degpsifthd s perkeenetidy the dressi ag paitodls
havi ng the brush dresser 11. As shown in FIGS. 5A and 55, according to the

20 pol i shi pgtapear alols ifirddeppoessatsi nuirddDimg t he susf fsemedl Hyhethe
polishing cloth is thinly shaved by the dressing unit 8 having the dianond
dresser 7 @ipespenfonningliénhbivahgsuhtabeusboddietisen ig afseche Jdl i Bhi ng
cloth before use of polishing, and then the sem conductor wafer 2 is
pol i shed by the ImpaR5 exangeBe (séewRl Gn 2FIGl.n B petthed perfiwea 9 i shieng
processes, dressing by the dressing unit 8 having the
10 polishing cloth is thinly shaved by the dressing unit 8
having the diamond dresser 7 for performing initial surface
conditioning of the polishing cloth before use of polishing,
and then the semiconductor wafer 2 1is polished by the top
ring 3. In a period between polishing processes, two-stage
15 dressing 1is performed. Specifically, dressing is first
performed by the dressing unit 8 having the diamond dresser
7, and subsequent dressing is performed by the dressing unit
14 having the brush dresser 11.
As shown 1in FIGS. 5A and 5B, according to the
20 polishing apparatus of the present invention, the surface of
the polishing cloth is thinly shaved by the dressing unit 8
having the diamond dresser 7 for performing initial surface
conditioning of the polishing cloth before use of polishing,
and then the semiconductor wafer 2 is polished by the top
25 ring 3 (see FIG. 2). In a period between polishing
processes, dressing by the dressing unit 8 having the

diamond dresser 7 and dressing by the dressing unit 14

having the brush dresser 1l may properly be combined.
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di anond dresser 7 and dressing by the dressing unit 14 having the brush
dresser 11 may properly be conbined. 19 6 SEPTEMBER 2005 Acé |T@4¥%RIZH%5
present enbodi nent, a contact-type dianond dresser having di anond particles
and a contact-type brush dresser having a brush have been described as a
dresser for the dressing unjts and 14. Further,.the 5 dresse

. y.be one
sel ect ed fron]thé?SPSGb ﬂncT%d! t RESSEB6V U@ E@?%tandiacﬂB%?ggnF§E¥{type
ooy ons ChAghEEl Uhdads tal 1l houRbdal Be SlchAGe Hlo [ DechRiLablagHel oth

to dress in ernore, three dressing un

~dressers npy, Qg pLouided iﬂa&pgggogiss%?&l ARPAIA! Yied N d e @y esgnt 5

enbodi nent, pure water 1s app e dressing I quid used i n each of

the dressi Bgegelé&&fw oier Qs Atdpl Anghem gala il e33i Ny elfeel  n agdition

to mechani cal ressing effect, a chemcal |iquid such as an acid, an

al kal i ,5 or jacsubhage pchievesfgent 1t Serdf usRd. gFbep 13 Ralishiqgtaer face
of the polishing tabl'e 1 may be constituted by a pollsﬂlng cloth or a

grindi ng stgpee AvcdaSGsi Bed abowm-anci ek -ng/gd dhesdéF sto£nbpdiieAl a0f
the present invention, a contact-type dresser having dianond particles and

a contact - frypeddpesseowhad nthea it b Arthrpyl detimg aldtresser dused f or
dressing the surface of the polishing cloth, i.e., at least tw dressing
units are tpeovwiadedhify sctanhel | Furathe drveeneedhtee r dpkasengnein dr£sser
wi th another dresser, and at least two selected dressers can be properly
conbi ned sdrasstgspaaiobe ttheviziedptn ntine drebssngnaf apharpbhisshi by ¢chet h.
Next, a polishing apparatus according to a second
10 present embodiment, pure water 1is applied as the dressing
liquid used in each of the dressing units. In order to
attain chemical dressiny effect in addition to mechanical
dressing effect, a chemical 1liquid such as an acid, an
alkali, or a surface active agent may also be used. The
15 polishing surface of the polishing table 1 may be
constituted by a polishing cloth or a grinding stone.

As described above, according to the first embodiment
of the present invention, a contact-type dresser having
diamond particles and a contact-type dresser having a brush

20 are provided as a dresser used for dressing the surface of
the polishing cloth, i.e., at least two dressing units are
provided. This can eliminate the need to replace one
dresser with another dresser, and at least two selected
dressers can be properly combined so as to perform the

25 optimum dressing of the polishing cloth.

Next, a polishing apparatus according to a second

embodiment of the present invention will be described below

with reference to FIGS. 6 to 8.
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enbodi nrent of the present invention will be described below wth reference
to FIGS. 6 to B. 20 6 SEPTEMBER 2005 FIGS. 6 and 7 are di agrieYBPIHEMRERZ085
pol i shing apparatus according to the second enbodi nent of the present
invention, FIG 6 is a plan view, and FIG 7 is a cross- sectional view
taken along a line VII-VIlI of FIG 6. In 5 FIGS. 6 and,7, the reference
nuneral 101 denofé&€5a pBli &Rfng’ t &%, FTHITM%r e hiferdl 283150409 ring

UL D Sk gBet 110 LUF (ST ShencE UL M 0 07 SPLpg Wb @

dresser 104PR& a-sem=c r

W Lh . or edCBRTHOR ok a0 darbt B S 15 (AR PR soi Aonduerer Sanf er

kavi'ng a iranmet er smaller an the sem conductor wafer

L1 as the, yorkRLECS 10, PeaRELI shitthy The (diessiy 109 calk bergl eq proga ed

al ong a guide rai A pus or el1vering a sem conductor wafer

to thetigpF 589 %02k 715 thovidted- @i 8GR 40 ther p@éﬁé@éggataehgs%%g

Her e, resser 104 cannot perform dressing operation during the

pol i shing pLpgess+@k thaeSRHCONMUSEE 041 Wah er a 1Edpby ithe i iy 402opand
the dresser 106 can performdressing operation during the polishing process

of the senigagduobor wad erefdieRBebyiuealiop o3 ng d@8ssSpecidrical kytht e
operation range of the dresser 106 does not interfere with the operation
range of #gbheskep rioyg A82indhe paLasbtag dunrigeee ohahhe psémsbonguctakl e
101 may be constituted by a polishing cloth or a grinding stone. 25 In
FI GS. 6 andaZert hé ldrasssa ngoukptiet®s tics ot pd hbskedso antthtthiderdfessaecel04
can be positioned at a dressing
10 numeral 107 a dressing unit with a dresser 106 having a
diameter smaller than the semiconductor wafer 111 as the
workpiece to be polished. The dresser 106 can be
reciprocated along a guide rail 108. A pusher 109 for
delivering a semiconductor wafer to the top ring 102 is
15 provided adjacent to the polishing table 101. Here, the
dresser 104 cannot perform dressing operation during the
polishing process of the semiconductor wafer 111 by the top
ring 102, and the dresser 106 can perform dressing operation
during the polishing process of the semiconductor wafer 111
20 by the top ring 102. Specifically, the operation range of
the dresser 106 does not interfere with the operation range
of the top ring 102. The polishing surface of the polishing
table 101 may be constituted by a polishing cloth or a
grinding stone.
25 In FIGS. 6 and 7, the dressing unit 105 1s rotatable
so that the dresser 104 can be positioned at a dressing

position on the polishing table 101 and a stand-by position.

The dresser 104 is coupled to a motor 115 for rotation and
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position on the polishing table 101 and a stand-by position. __Th [
104 is coupled to a notor 115 for rotation and 21 6 SEPTENBéF@EfG%‘B\gpgﬁSZ%S

connected to an elevator cylinder 116. Therefore, the dresser 104 is
vertically novable and is rotatable about a shaft of the notor, as

indicated b ., The t [ 102 | ! d t sh f
otation and &S SAHRCEEd Th AAEPSOA 57 CyTiSter fnot SRR CThor ST e,
the t [ 02 i i cal . i .abl t t _of
he motor. SR PR dal Bathy JaFFane o i 18T B e TaB0RE o0

 sem conducta alss LA 9t N oalisling.f ableod0l atpid deshredng

" pressure. sem conduct or’ water 111 as a pi ece to be po

attracted t I ggdisurf age+0f thed oddNg £92 R rMaHHIM SHCLison or
the Iike. 9éuihie ??ﬁ%llﬁztgofipreSent#ngt t he ggniconducsgﬁ waf er 11isfron1

bei ng renmougd brerdt he, tOR NicRGtHI2 b9l Pha¥Edgdoen dhnd power rRekERBekAl
portion of the 15 top ring 102. Further, a polishing liquid supply nozzle

(not shownxnks gs®Vvidded; aboye fhepoldighiing tableni@l,amdd i pekhghbne
liquid is supplied onto the polishing cloth 110 on the polishing table 101
fromthe pabbshi rg $hafit dosumpley motozz) eas| AnBLGatéd the seferenceThusgral s
113 and 114 20 respectively denote a di anond el ectrodeposition ring. That
is, both oththetdpessiers 102 andnlOfrase corst istutiednoyuctoni anerfiedt dia@gser
However, a brush dresser nmay be used for the dressers 104, 106. The
dressi ng uagaih®f ddwe e risdijprochtleteal8hgad a25lqpiimed rprés308eso &seto
hori zontally swng on the polishing table 101 and to dress a polishing
surf ad® f opempheonductor wafer 111 as a workpiece to be polished 1is
attracted to the lower end surface of the top ring 102 by
vacuum suction or the like. A guide ring 112 for preventing
the semiconductor wafer 111 from being removed from the top
ring 102 is provided on the lower peripheral portion of the
15 top ring 102. Further, a polishing liquid supply nozzle
(not shown) is provided above the polishing table 101, and a
polishing liquid is supplied onto the polishing cloth 110 on
the polishing table 101 from the polishing liquid supply
nozzle. In FIG. 7, the reference numerals 113 and 114
20 respectively denote a diamond electrodeposition ring. That
is, both of the dressers 104 and 106 are constituted by a
diamond dresser. However, a brush dresser may be used for
the dressers 104, 106.
The dressing unit 107 can be reciprocated along a
25 guide rail 108 so as to horizontally swing on the polishing
table 101 and to dress a polishing surface for the

semiconductor wafer while swinging on the surface of the

polishing table. The dresser 106 is coupled to a motor 117
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sem conductor wafer while swinging on the surface of the polishing table,
The dresser 106 is coupled to a notor 117 22 6 SEPTEMBER 20@55&@@“8%%@!’%
and is connected to an elevator cylinder 118. Therefore, the dresser 106 is
vertically novable and is rotatable about a shaft of the notor, as

operati on ThECFRSSRarrecit S, SeRRBll S opRIg Pl B B O

operation i'es respect - to a series of proce ol'i"shi ng

and dressi pgousipgot e, pol I APRYEAL YS  HENL 1iGa B FORRIVACLL O Rhow 1

FIG 6 for processihg sem conductor wafers. e dressSing unit 105

comprising, g dhaiandodlesaeenldd havivie HAMNG partifl e andp diagrter 10

| arger than the workplrece to be polished is used for performng initial

surface conditioptgg 0§ the polighhdgamc! 988149 befor e-usgr 0bnBAk bShioRY.
After the conpletion of the initial surface conditioning of the polishing

cloth, ¢ he, tPRLEbAYiAORikBCREVAS St hA weagnducty avaderi &5 ogEt Peotaspusher
(a device for delivering a wafer) 109, and is noved to the polishing

posi tion oprt sy POdn Sy NGartdblaa-ek3ling Diessigng tder i pglpshiiali ngpphrhkas

sem conductor wafer 111 is perforned by the dressing unit 107 conprising a
di anond dressey 186 bavksnguditdonnd spamin clies &l a &b anbier snakbessid@ t han
t he wor kpi ece to be polished while swinging the dressing unit 107, because
t he polishsagitabliectot iwafamd | . TAkt edredeingnpindtti oh0of comp gic irshi ag,
the top ring 102 is swng above the pusher (a device for delivering a

waf er) 109diamemdt HeepeokirsHilg fedwing 1dDangndhpargicdeed and theddamesieng 25
unit 105 conprising a dianond dresser 104 having dianond particles and a

di ametldr | hayeert helmak hether kppekeiegepeto be polished 1s wused for

performing 1initial surface conditioning of the polishing
cloth 110 before use of polishing. After the completion of
the initial surface conditioning of the polishing cloth, the
top ring 102 receives the semiconductor wafer from the
15 pusher (a device for delivering a wafer) 109, and is moved
to the polishing position on the polishing table 101.
Dressing during polishing of the semiconductor wafer 111 is
performed by the dressing unit 107 comprising a diamond
dresser 106 having diamond particles and a diameter smaller
20 than the workpiece to be polished while swinging the
dressing unit 107, because the polishing table 101 is small.
After the completion of the polishing, the top ring 102 is
swung above the pusher (a device for delivering a wafer) 109,
and the polishing cloth 110 is then dressed by the dressing
25 unit 105 comprising a diamond dresser 104 having diamond
particles and a diameter larger than the workpiece to be
polished. The time for dressing of the dressing unit 107

during polishing of the semiconductor wafer 111 may be
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polished. The tine for dressing of the dressing unit 107 durin olishing
of the semiconductor wafer 111 nmay be 23 6 SEPTEMBER 2005 seft ¥ BER 200

desired. FIG 9 is a front view showi ng a variant of the enbodi ment shown
in. FIGS.. 6 and 7, in which the large and small dressers are provided. In
FIG 9, ongééﬁé%n%laéiégéyggéq di anond dresser is showmn with the om ssion

of a largé Camet er” dresser.  As shown in FIG 9, a contact sensor 120 is

provided at the fwent gnd, of o% he: sg! | vig'gag%flgg,iﬂ&esg,ervaélglﬁdmymiocﬁh G3Jy pass

t hrough the centéer of “the polishing tabl 1 and”be nov in the direction

of the 10 g@@ﬁ%tﬂ@,mm khe x84 f agepavimess) ghithe vl i shigg Lot h,

which is d as unevenness in the radial direction of the polishing

surface (URpER1SUATBEELRL thee RAdwhiW, cl oth F1Q). , 9can,be, measyrad wi th
the contact sensor 120 while reciprocating the small-diameter dresser 15

106 al ong yhamditaret@lafbndh@ifaldeshi ng talud 101ithThehe PohiisBiBE cd Ot R can
| ocally be dressed by the snall-diameter dianond dresser 106 so as to

correct theawgasdriethatRayveanesseran t g pehbshi ngncloid. i 1t ha radntlact
direction of the polishing table. After the polishing surface is flattened
20 by the saakbrdi aget et s dimmonideit esser the6, ftbet| aamd- odi ambeer shadsk
dresser 104 using a brush instead of the dianond el ectrodeposition ring 113
shown i n FHGam2ties ubexbsan tebovehpoh stamgoawst Ebrandhr e niergt gol oghi ng
particles fromthe polishing surface. Alternatively, the large 25 di aneter
dresser 104hgapobd stdmst italled 8L tand ddamaited dieste dsrehbwpni afFre 7
for flattening the polishing _

10 diameter. The profile (surface waviness) of the polishing
cloth, which 1is defined as wunevenness in the radial
direction of the polishing surface (upper surface of the
polishing cloth 110), can be measured with the contact
sensor 120 while reciprocating the small-diameter dresser

15 106 along the diameter of the polishing table 101. The
polishing cloth can locally be dressed by the small-diameter
diamond dresser 106 so as to correct‘the measured unevenness
on the polishing cloth in the radial direction of the
polishing table. After the polishing surface 1is flattened

20 by the small-diameter diamond dresser 106, the large-
diameter brush dresser 104 using a brush instead of the
diamond electrodeposition ring 113 shown in FIG. 7 is used
to remove polishing wastes and remaining polishing particles
from the polishing surface. Alternatively, the large-

25 diameter dresser 104 may be constituted by the diamond
dresser as shown in FIG. 7 for flattening the polishing

surface, and the small-diameter dresser 106 may be

constituted by a brush dresser for removing polishing wastes
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surface, and the small-dianeter dresser 106 nmay be constituted by a brush
dresser for renoving polishing wastes 24 6 SEPTEMBER 2005 a®EPIEMBERZ00S
polishing particles fromthe polishing surface. The polishing surface of
the polishing table 101 may be a polishing cloth or a grinding stone. FIG
9 shows a nechani smfor reciprocating the 5 dressing unjt 107.

Speci fi cal Ppd EREAAPLES) @@ldmmﬁ)m%tl%%tgﬁ%@eﬁlgoP?Lh%h%ﬂg gresécky
unit 107 is_reciprocated b rotating_a ball .screw 12 or ly or reversely
by a notor TN§2P%F éﬁ%%ﬂe§é5fagﬁidﬁ?.tqﬂeppéﬁéﬁﬁﬁ%%'H%ﬁg?aE852§mH%n%?e§ a
controller for controlling the reciprocatjon of the 10 dressing unit 107 and
sinulFane088$§sﬁéﬁprgﬂpfﬁgofh€ %ﬁ%ééé% ?Qﬁ%ﬁ{of the dresser 106. As
described above, pagcor g ng g, 4 hes sepaad arlad! iyt = oloi0eo PLESAR! tne
invention, at |eaSt oné dresser having a Iameter sna than t he

yorkpiece h9.0¢;Rg | pead 294 al shadigaslaiane digssatolavhh di agyer

| arger than 't lece to be poli are provided. Thus, dressing can

be perfor nggngxrhe%eamlol 13295 S8e dFd S Pl S N0 ¥ 0151 REEEASBChiRANWDEr
of sem conductor wafers to be polished per unit tinme. Therefore, the

appl i catiopoehtthg prasent 20r-bpvant dbikalihe PFOGUCEIres19f SenhCaraust or
devices can contribute to good production yield and inproved productivity.

Whien one addpt rgrak siFRldscdr esisitled S WHYikefhredde MEREESAr Y2 BUAbab tefs
| arge dressers can be decreased to reduce necessary space for the

appar at us. a25cbaxtoplaecpol ifsh nGoapparlatitsy actos di ngecipracdbiod edbodiheent
of the present invention will be described bel ow
10 dressing wunit 107 and simultaneously controlling the
pressing force of the dresser 106.
As described above, according to the second embodiment
of the present invention, at least one dresser having a
diameter smaller than the workpiece to be polished and at
15 least one dresser having a diameter larger +than the
workpiece to be polished are provided. Thus, dressing can
be performed by the small dresser during polishing to
increase the number of semiconductor wafers to be polished
per unit time. Therefore, the application of the present
20 invention to the production of semiconductor devices can
contribute to good production yield and improved
productivity. When one additional small dresser is provided,
the necessary number of large dressers can be decreased to
reduce necessary space for the apparatus.
25 Next, a polishing apparatus according to a third
embodiment of the present invention will be described below

with reference to FIGS. 10 through 17.

FIG. 10 is a schematic plan view showing the polishing
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with reference to FIGS. 10 through 17. FIG 10 is a schematic plan view
showi ng the polishing 25 6 SEPTEMBER 2005 appar at us accordi @SE%TEMgEBr@Q%nt
enbodi ment. As shown in FIG 10, in the polishing apparatus according to
the present invention, a pair of polishing sections 20la, 201b are disposed
on one side of the space on 5 a floor, which is rectangular as a whole, so
as to | at eralRP3ratyc2eaRRdbifel AhpaPFesfFo8BPARLBSER NI ts for pl aci ng

t hereon cassettes 202a, 202b, for_acconnodating sem conductor wafers are

di sposed on the dthershqe. Hwo Er¥ansfidl r dfot hepop 1L F orPRRAARTE  ri ng
i duct f 0 di ] | i, ti t l.i shi

Sections 20HEOTHRS (5 ¢ HES GHERIRN bad IS cOnobrLhr&h EPASIg | ne.

One i t 05 i i d id f t t f |

Fespect | vel PRIt BT 5t et b ChfL 2085 30ntn 86805 88 5670 andessth U e

di sposed wi £ eJ 01 €1 951 09 [ bey 1o, ueLLer 205, r 206 therehelueen 1y ¢ he

two pol i'shing sections a, ppar atuses asi'cal’l y "havi ng e e

speci 1 oations, acecel spasad SXTRRLL! GaL1 Yol DaiSSRCG L, he L AT 6l

| i ne. Each e appar atuses coOnprises a po Ing ta

pol i shing clydh st tached: £ Os theo MppeposuEhace EBRLEAE i gt ggmi@o%@bM&r 212

for holding a sem conductor wafer as an workpiece to be polished by vacuum

suction ang,J¥85si g t B€spssaHCOAdUG O el el s 8gal nstwd herpakirahi ng AN e
211 to polish the sem conductor wafer, a dressing unit 213 for 25 dressing

t he polishipacl otdpan ther potishsngriabbe 211lsedi coHaheto2l4whee o €Ggievi Ng
a sem conductor wafer fromthe top
10 disposed on a line connecting the polishing sections 201la,
201b to the load/unload units to constitute a transfer line.
One inverter 205 or 206 1is disposed on each side of the
transfer line, respectively, and two cleaning units 207a and
208a, or 207b and 208b are disposed with interposing the
15 inverter 205 or 206 therebetween;

In the two polishing sections 20la, 201lb, apparatuses
basically having the same specifications are disposed
symmetrically with respect to the transfer line. Eaéh of
the apparatuses comprises a polishing table 211 having a

20 polishing cloth attached to the upper surface thereof, a top
ring unit 212 for holding a semiconductor wafer as an
workpiece to be polished by vacuum suction and pressing the
semiconductor wafer against the polishing table 211 to
polish the semiconductor wafer, a dressing unit 213 for

25 dressing the polishing cloth on the polishing table 211. A
pusher 214 for receiving a semiconductor wafer from the top

ring unit 212 and transferring the semiconductor wafer to

the top ring unit 212 is provided at the transfer line side
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ring unit 212 and transferring the sem conductor wafer to the to r|n uni t
212 is provided at the transfer line side 26 6 SEPTEMBER 2005SERT 0% he
pol i shing sections 20l1a, 201b. The transfer robots 204a, 204b have an
articulated arm which is bendabl e and stretchable wi thin a horizontal plane
and has upper and | ower hol portions. whic eparately used

respect i vel¥ ﬁécg &y & (§1%§h}Q9\ﬂﬁCt¥?$@é$3 %% MD robots are used in
the present enbo

f b 04 f
region fron1thegbﬁvéfﬁgﬁgefbé% i % eq%%§%6a5|cq£ gfggland‘aE% i
second 1 obghi2RI8J S haRledl L4y egre%%'caa%lfeorolla 59! onhb&%gg%tl lane

inverters 2 e polls I ng sections e |nve ters 205,

206 turn ougp {hGSCMGORAUCLAL WALAL: angd) alfqdi phesatAl a,Resh!! i ch

t he hand o rans ots 204a, 204b can re In the present 15
embodi rent 5 [l twe i NYEELEr SeL0oc+ 2061 3T Ea$eRAr 8k ny MEbLi zedyas, adavi ce
for haﬁg|lﬁab 8ry gtbstrate %ﬁ% % dev?ce for hang |nb ;! wet substrate,
respectivekyngEach gintbetgbeanbpdsulires ug@dain2@hL, AN GrdQPi maRY , be
of any type. Eor exanpl e, the cleaning units 207a, 0 207b provided on the

side of thg poldshi rgbsections 2Qlapa2048] ay e refsparts)ipa suebrt hat hetilbrsi des
of the sem conductor wafer are wiped with a roller equipped with a sponge,

and the ckeami Bgeunnter2@gda, 2208b Jrovidethoncddeetstade pf2she20Qassealides
202a, 202b are of a type such that a cleaning 25 liquid is supplied to the
sem conduchorsewairel wbhbbe RGl4d ngs bhe ieddd yt hersguinaitll € offatd ng irkeguicichi N a
hori zontal pl ane.
10 from the inverters 205, 206 to the polishing sections 201la,
201b.

The inverters 205, 206 turn over the semiconductor
wafer, and are disposed at a position which the hand of the
transfer robots 204a, 204b can reach. In the present

15 embodiment, the two inverters 205, 206 are separately
utilized as a device for handling a dry substrate and a
device for handling a wet substrate, respectively.

Each of the cleaning units 207a, 207b, 208a and 208b
may be of any type. For example, the cleaning units 207a,

20 207b provided on the side of the polishing sections 201la,
201b are of a type such that both sides of the semiconductor
wafer are wiped with a roller equipped with a sponge, and
the cleaning units 208a, 208b provided on the side of the
cassettes 202a, 202b are of a type such that a cleaning

25 liquid is supplied to the semiconductor wafer while holding
the edge thereof and rotating it within a horizontal plane.

The latter also has a function as a drier for centrifugally

drying the semiconductor wafer. The cleaning units 207a,
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The latter also has a function as a drier for centrifugally drying the
semi conductor wafer. The cleaning units 207a, 27 6 SEPTENBEF§§Eg§E 2098
performa primary cleaning process of the sem conductor wafer, and the
cl eaning units 208a, 208b can performa secondary cleaning process of the

' duct f ft th leti f th ' I [ . 5
Next . the AP0Pendiitt onBi: pBFIshing BEttT bh Wit PBenIdoRi Bt borbw G 11

i i cal . - i | Vi icall howi i f th

o Pt B SRR OIek ! St SIETRLLGALy SO 2B Lol (e
I i i h | i shi i i , ly th

o on 1 v pehow o e el ahijng:eech |98 S8R Sovael 1 GpedOctf Gl (he

descri ptiop,¢an Beanplded da g ; APIdSHNY 386l QP {%ﬁ%&tgg%@ﬁn FI G

11, the surtace of the polishing cloth 210 on the "po 1

constitdites a pohibghi Ngrhd5 StdfacenWbglai SN | Rt SidAi RY 190nERCt
with a sem conductor wafer Was a workpiece to be pé?lshed. The poli shing

table 211 Q8se@uBked He o .MOFAG . (NAt ishaw)e rdi EPOSEEL el ot henpol k3king
table 211 via the table shaft 21la, so that the polishing table 211 is

rotatabl e gbauhatheal2§ tshiwishaht mdiha.phs: shpwihen JdiGShikdg t Beewghnl3, a

polishing liquid/ water supply nozzle 215 is di sposed above the polishing

tabl e 211. 281poldishimgihi quial foo, used NFFIE®] i $Ri rhdant3a adteesscRgmbicqe d

(e.g., water) for use in 25 dressing are supplied fromthe polishing

| i qui d/ wat pLasuppleys redrmin@1Bhe@npolibeipol sshingnclétla Zthwnlhen pBlicshi ng

10 10. Only the polishing section 20la will be described below.

However, the following description can be applied to the
polishing section 201b.

As shown in FIG. 11, the surface of the polishing
cloth 210 on the polishing table 211 constitutes a polishing

15 surface which 1is brought into sliding contact with a
semiconductor wafer W as a workpiece to be polished. The
polishing table 211 1is coupled to a motor (not shown)
disposed below the polishing table 211 wvia the table shaft
21la, so that the polishing table 211 is rotatable about the

20 table shaft 21l1la.

As shown in FIGS. 11 through 13, a polishing
liquid/water supply nozzle 215 1is disposed above the
polishing table 211. A polishing 1liquid for wuse in
polishing and a dressing liquid (e.g., water) for use in

25 dressing are suppliéd from the polishing liquid/water supply
nozzle 215 onto the polishing cloth 210. The polishing

table 211 1is surrounded by a frame 217 for recovering the

polishing liquid and water, and a tub 217a is provided at
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table 211 is surrounded by a frame 217 for recovering the polishing Iiquid
and water, and a tub 217a is provided at 28 6 SEPTEMBER 200% SH ER300%
the frame. An atom zer 216 for spraying a liquid conposed of a mxture of
nitrogen gas with pure water or a chemcal liquid onto the polishing
surface of ggi)%%l ishing gloth is 5 disposed above the polishing table 211.

The atomi z& t&gnrrprl ses a pal ural i ty of spray nozzles 216a connected to a

it | i qui . Th it
ni trogen gas supply E&%{{f%?“%% # S gpgﬁg%éu%oui? uid %on@oJeQﬂegFgfalsqui d

fromthe nitrogen gas supply source an re water or a chemca

~fromthe 'h\ﬁgitqr%uwﬁ ¥ ik R CEa 8101 PRRSSEL. thE PHENoR hegHbAL 8k 100 1fdid

“operator valve (not shown) to Tegulate the pressure to a predetermned

val ue and gpeoSURBll €$hd1a dHi P PrAY: | est 216Re | nﬁéb@sh@h@m’ z2e6tR16 iy a
m xed state. The mixture of the nitrogen gas with the pure water or 15 a

chem cad | Hgupdses wsght that od1idking fapeeparii cl eshe Rrswltarfine
particles as a result of solidification of the Iliquid, or 31 gas as a
result of vapprizaii en piutdeitiyquifd sgdayt ngb pglébe 2nieat Wendertde sbate of
(1, 20, or 3Qbeing called atom zation), and, in this state, is sprayed

t hrough 20ntheocgphayawzalmslPl6auraet hedateoni izeri@16uppivar dotilree . poltihshi ng
cloth 210. Wich state of the liquid fine particles, the solid fine
particl es, noktrggsnt hgasn Xedr | gue d niitgogemayedsi sumpldet epnraed,arfdr the
exanpl e, depending on the pressure or tenperature of the nitrogen gas

and/ or theppdoee P&temt e@r o2 acbhadicedl liquid, Hromhethshapdauiidhoszbedy

Therefore, the state of the liquid to be sprayed can be
10 source are passed through a regulator or air operator valve

(not shown) to regulate the pressure to a predetermined

value and are supplied to the spray nozzles 216a in the
atomizer 216 in a mixed state.

The mixture of the nitrogen gas with the pure water or

15 a chemical liquid is brought into @ liquid fine particles,

® solid fine particles as a result of solidification of the

liquid, or ® gas as a result of vaporization of the liquid

(bringing the mixture to the state of @O, @, or ® being

called atomization), and, in this state, is sprayed through

20 the spray nozzles 216a in the atomizer 216 toward the

polishing cloth 210. Which state of the liquid fine

particles, the solid fine particles, or gas the mixed liquid

is sprayed in is determined, for example, depending on the

pressure or temperature of the nitrogen gas and/or the pure

25 water or a chemical liduid, or the shape of nozzles.

Therefore, the state of the liquid to be sprayed can be

varied, for example, by properly varying the pressure or

_temperature of the nitrogen gas and/or the pure water or a
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varied, for exanple, by properly varying the pressure or rature of he
nitrogen gas and/or the pure water or a 29 6 SEPTEMBER 2005 d
via a regulator or the like, or by properly varying the shape of nozzI es.
The top ring unit 212 conprises a rotatable spindle 220, a top ring head

221 connected to the per. end f th i ndl 2 22
ext ended do%%%ﬁg H’ 1rlnl(tih S ge r?gll O?ﬁer}ldoigh%lgik%éaggz%fn Irsé}?ghg

substanti al | onnected to the | ower end of the top
ring shaft VZ%@' %Ig% ‘?Fg‘g"% §221 is swung by the rotation of the

spi ndl e 220, theitczgo Ehgg ?r?gnlﬁn}Q @qrz' 208hst | Yo B0V, o BRI NES %m@fe

reci procated between t 214 and a polishing position on the

polishing oJoth 4 2%QF 23 nlgn q{éé?& egh Pyc8fnaetew Ao tifd Gpddr EHAt ber , thde
e

top ring 223 i's coupled V|a atopring shaft 222 to a notor (not shown)

provi ded widghiguitdieopop al5dg ngihgagndzt, 2and d:sts&amaeciennivaran yel evshor
cylinder (not shown), so that the top ring 223 is vertically novable and 1is

rotatabl e ahputride bap LiMGishatdp 222ngTheads@piconsudt ar swafsasanWiasl By

wor kpi ece to be polished is attracted to and held on the | ower end face of
the top ri ng20-1223 byo acindgn 328t connectédetdi kbe Bpwehesedmechamiesnsopt he
top ring 223 can rotate and can press the sem conductor wafer Wheld on its
| ower surf atimagaiast 2h2. polhehi he ¢bpt lri2g0 hetadh UEki tedspregsbyve.tiihe
dressing unit 213 regenerates the surface of the 25 polishing cloth 210
that has bemtadsitari orét edhas asperdle 8£20the P i shPRg operdati dA3andis s

di sposed at a position ,
10 horizontally moved, and thus can be reciprocated between the

pusher 214 and a polishing position on the polishing cloth
210, as indicated by an arrow A in FIG. 10.
Further, the top ring 223 is coupled via a top ring
shaft 222 to a motor (not shown) provided within the top
15 ring head 221, and is connected to an elevator cylinder (not
shown), so that the top ring 223 1is vertically movable and
is rotatable about the top ring shaft 222. The
semiconductor wafer W as a workpiece to be polished is
attracted to and held on the lower end face of the top ring
20 223 by vacuum suction or the like. By these mechanisms, the
top ring. 223 can rotate and can press the semiconductor
wafer W held on its lower surface against the polishing
cloth 210 at a desired pressure.
The dressing unit 213 regenerates the surface of the
25 polishing cloth 210 that has been deteriorated as a result
of the polishing operation and is disposed at a position
opposite to the top ring unit 212 with respect to the center

of the polishing table 211. As shown in FIGS. 11 through 13,
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opposite to the top ring unit 212 with respect to the center of the
polishing table 211. As shown in FIGS. 11 through 13, 30 6 SESERHMBERJI§6S
the dressing unit 213 according to the present enbodi ment conprises two

i nt egrated dressers i.e., afirst dresser 239 and a second dresser 233. As

described h tegslf”st 68380l 2894 Saised Tl dpgasind tgopaelhshtng

cloth 210 §: rlng po |sh|ng secon resser I'S use

dressing fOJ%Mﬂ% é%ffﬁfeeg%%a' g%ege@‘s the ol i:shing. ¢ ads 210, gt ore

use in polis e dressing unit conpri ses a rotatab e spind 230,

a dresser QSJSWCH%@sts%rt hesypperaende 9k 1 B8 ML =i Ndk@e23p; r §¢
dresser shaft 232 ‘extended downwardiy fromthe free end of the dresser head

231, and a gubsiant ball vi s dislkd | Ker secend ifiessre 233 iRt edokd theo
| ower end of the dresser shaft 232. Wen the dresser head 231 is swng by

the rotgti o 0fnd heo3Rishdng ,239ndt RtesecoOBENdr @B5aIs233235 iiSs hasedontet |y
noved, and thus can be reC|procated between a dressing position on the

p0||5h|n9(ﬂﬁ3§bﬁﬂé)ﬁﬁﬁ arsitaingd- byrpaséet icondiadairdhoud 81 dReofpdieshing
polishing table 211, as indicated by an arrow B in FIGS. 10 and 12.

Furt her, thaotteiml skfsseru@d3inspebupheédgvi a a dresser shaft 232 to a 20
not or- (not shown) provided within the dresser head 231, and 1is connected to
an el evator cylinfder @netssshgwynisio 2R3t comper seednd dresseab283 spindle
vertically novable and is rotatable about the dresser shaft 232. A dresser
cleaning A 2a8diresselredmtad Ehé sorewtthcester the3 uppat spededfatt®s t he

stand-bg position | ocated outside of the polishing table 211.
spindle 230, a dresser shaft 232 extended downwardly from

the free end of the dresser head 231, and a substantially

disk-like second dresser 233 connected to the lower end of

the dresser shaft 232. When the dresser head 231 is swung

by the rotation of the spindle 230, the second dresser 233

15 is horizontally moved, and thus can be reciprocated between

a dressing position on the polishing cloth 210 and a stand-

by position located outside of the polishing table 211, as

indicated by an arrow B in FIGS. 10 and 12. Further, the

second dresser 233 is coupled via a dresser shaft 232 to a

20 motor (not shown) provided within the dresser head 231, and

is connected to an elevator cylinder (not shown), so that

the second dresser 233 1is vertically movable and 1is

rotatable about the dresser shaft 232. A dresser cleaning

bath 218 for cleaning the second dresser 233 is disposed at

25 the stand-by position located outside of the polishing table
211.

Here, the second dresser 233 comprises a diamond

dresser 234 of a pellet or ring type as a dressing element.
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Here, the second dresser 233 conprises a dianond dresser 234 of a pellet or
ring type as a dressing el ement. 31 6 SEPTEMBER 2005 A pl ur £ $ERTEYIBER 2005

di sk-1i ke nenbers with particles such as dianond particles el ectrodeposited
thereon are arranged on the periphery of the |ower surface of the second
dresser 233 to constitute the diapond dresser 234. The diqpeter of the 5
second dreBsaplwsality oy Etalprle X2 70SRREIRhi thth s ARG hat The @S

di t 200 f th ' duct f. W th kpi to.b
D011 Shetl, - HREFENG @24 ehech 61 ThEoSPBPcahPlg QUFTSE AAFCH T Td haon

oS oel Y e s RS BRE ey PE W8, ATk LR (AN ALER, 8 abESR0! S g

which is ing e sem conductor  waf er support

section 23p 1 8 hEXed e Uhe | AL Alg O LDSe  dhdaser ti8at 2y aNda $HeNO! NG

not or 236 ront end o e support sectl SW ng arm

237 is connsg%gddtrgsgeg;)tz%r_g sitga’ftfg§6§xg$?%gg SWoNGNG TR OF g§6ia';ll':§ie:s£he

SW ng a5rm 23 swung the rotation o e swnging notor 236.

swi ngi ng {Tﬁﬂgﬁ 238 1§ Lpnnect ?90@%@%6%%”?{?%'§ém¥éQn&QEt69nWaoﬁ!éﬂ ng Lhe

speed of e notor (swng speed). The swinging notor 236 constitutes a

nmovi ng  mechani,yPidore IBVERY ddhephi i shedr eSSBie 238 fesChinbedrbgl ¢  28e0n
the polishing surface of the polishing table 211. The dresser shaft 238 is

extended d &\M\@ﬁ@hg fsorribe JfHiesm end side w8 tde swWdgb3r meR37, sapdntihe
substantially disk-like first dresser 239 is connected to the | ower end of

the dressegrsbaét 238. iVhearybe shamgaar Mr237 dfs thaing hysRbnqcthathngst he
swW ngi ng notor 236, the first dresser 239 is horizontally noved, so that
the fimst dsessens39feanpbéishing the semiconductor wafer W.

A support section 235 is fixed to the lateral of the
dresser head 231, and a swinging motor 236 is fixed to the
front end of the support section 235. A swing arm 237 is
connected to a motor shaft 236a of the swinging motor 236.

15 The swing arm 237 1is swung by the rotation of the swinging
motor 236. This swinging motor 236 1is connected to a
controller 250 for controlling the speed of the motor (swing
speed) . The swinging motor 236 constitutes a moving
mechanism for moving the first dresser 239 described below

20 on the polishing surface of the polishing table 211.

The dresser shaft 238 is extended downwardly from the
free end side of the swing arm 237, and the substantially
disk-like first dresser 239 is connected to the lower end of
the dresser shaft 238. When the swing arm 237 is swung by

25 actuating the swinging motor 236, the first dresser 239 is
horizontally moved, so that the first dresser 239 can be

reciprocated between the dressing position on the polishing

cloth 210 and the stand-by position located outside of the
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reci procated between the dressing position on the polishing cloth 210 and
the stand-by position |ocated outside of the 32 6 SEPTEVBER SERIEMBER2003
table 211, as indicated by an arrow Cin FIG 13. A support base 246 is

fi xed bel ow the dresser head 231 of the spindle 230, and a tub-1like dresser

cleaning bath 2dtad Yarilean ng 108 Lkt 8L duepgen 23 ioy R oy dpdgln e S

support a € st and-by position o irst dresser

support baﬁet ;b%cjéc spuiog 3'3%6%' Eyuiit heilhe diesgershead g3l bysihes

rotation o spin The dresser shaft 238 I's connected to an air

cylinder (pressifigyinechani sin249 friured i@ tdee S¥ NJcALANRE Bdghi 94710
vertically novable by the air cylinder 240. Further, the dresser shaft 238

i's connect gd t 0cBchAL AL NEhEY! FNHSF 2dlesydA 2IRY i(N0broRawWed Thins katati ng
cylinder 241 has a timng pulley 242 on its periphery. A rotating notor
(rotatifng sEEpaRicSNbadd3 1466 fiatedthe t beanwi-BY asdB 2Bilon angt 1%niche fiirwitng
pulley 242 is connected via atimng belt 244 to a timng pulley 245

provi ded i artbeeroatoi.ng Tt ugkddct Dheeebabe ist evumt atn ey eyl inded t241
and the dresser shaft 238 are integrally rotated via the timng pulley 245,
the timnghbeltre244r aeddt RS1t biyi ndnepuddteyt 242 dify e \amignd e 280 r ot ati ng
notor 243, so that the first dresser 239 is rotated. Here, the first
dresser 239 has dhdi dkesppe dirfon®38Ir éssepnpagtad sodressiihg evémpder A
di sk-1i ke nmenber with particles such as diranond particles el ectrodeposited
t hereon i $ppeeviidedeshamd siioldtbrebxed thethewsr i18gr Bade of7 t RN@5ifH r st
dresser 239 to constitute the dianond dresser 248. The dianeter of the
firstiwﬁesgéFt2391ﬂ§,WQﬂan%nBVeﬂjTDOalr cylinder 240. Further, the

dresser shaft 238 is connected to a rotating cylinder 241

via a key (not shown). This rotating cylinder 241 has a
timing pulley 242 on 1its periphery. A rotating motor
(rotating mechanism) 243 is fixed to the swing arm 237, and

15 the timing pulley 242 is connected via a timing belt 244 to
a timing pulley 245 provided in the rotating motor 243.
Therefore, the rotating cylinder 241 and the dresser shaft

238 are integrally rotated via the timing pulley 245, the
timing belt 244, and the timing pulley 242 by driving the

20 rotating motor 243, so that the first dresser 239 is rotated.
Here, the first dresser 239 has a disk-type diamond

dresser 248 as a dressing element. A disk-like member with
particles such as diamond particles electrodeposited thereon

is provided on the whole area of the lower surface of the

25 first dresser 239 to constitute the diamond dresser 248.
The diameter of the first dresser 239 is, for example, 100

mm, which is smaller than the diameter (200 mm) of the

semiconductor wafer W as the workpiece to be polished.
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mm which is smaller than the dianeter (200 nm of the sem conductor r
Was the workpiece to be polished. 33 6 SEPTEMBER 2005 Theréﬁgﬁg?mgﬁEgﬁgéfof
the polishing surface which is to be dressed by the first dresser 239 is
smal l er than an area of the polishing which is to be used for polishing the
sem conduct or ggfer W5 Thus ége ressing.unit accggdin 0.t he present

c

t.
embodi ment TR&ES4°EGns BMuct’ oh h&° s e ssef ?%r%hdl‘:ﬁ erent®plrposes
d | i bath f . of t d .h int Lt
and a ¢ eaakggsggngyr%réﬁgifét de, sé§5§§§slsa%%£T¥§}'{h;ﬁ”gﬁegrgg hcone

another. T canh Teduceé necesSary space for the apparatus. 10

Next, the eration_of polishi f.semc u af er Si by
the poli sh?ﬁ% aBBgrlzsi &88t h@chlgngtsr ugtged%v]adl ﬁ}%éed d\é\gé:ﬁra i E%(gfg%ﬂ%ﬁvé FP%% 14
t hrough 16 HL@ngQQ%%§ ghowi ng a series of operations in the present

enbodi ment .Se%ggi\haexarrpl €-shown in FIG 14 will be described bel ow. First,

initialgsurface gonditi ppingyphskhagPoLh Shi nscc_skem?i stgerfRemegd pEkak to
pol i shing operation. The surface of the polishing cfoth 210 is thinly

shaved by LhBoq$8eARd Kl £Sser RSt phict hendrhgsi nghuRi t+2d 3 dr@rs seerd okmirng 20
the initial surface conditioning of the polishing cloth before polishing.

FIG 12 shgwertbbgtStgtepokBst hasdcase,c1ddiei ilf essath head 23hd Sofovedeont o
the polishing cloth 210 at the dressing position by the rotation of the

spi ndl e 23@resIbeseahbhee, bbensecandgdrnesser w23B apdet hanpahieshi ng rakke 25
211 are independently rotated, and the di anond dresser 234 held on the
second dr essest233tisnbraughtdurio nalbetssanty space for the apparatus.
10 Next, the operation of polishing of semiconductor
wafers and dressing by the polishing apparatus thus
constructed will be described below. FIGS. 14 through 16
are timing charts showing a 'series of operations in the
present embodiment.
15 An example shown in FIG. 14 will be described below.
First, initial sufface conditioning of the polishing
cloth 1is performed prior to polishing operation. The
surface of the polishing cloth 210 is thinly shaved by the
second dresser 233 of the dressing unit 213 for performing
20 the initial surface conditioning of +the polishing cloth
before polishing. FIG. 12 shows this state. In this case,
the dresser head 231 is moved onto the polishing cloth 210
at the dressing position by the rotation of the spindle 230.
Thereafter, the second dresser 233 and the polishing table
25 211 are independently rotated, and the diamond dresser 234
held on the second dresser 233 is broﬁght into abutment

against the polishing cloth 210 under a predetermined

pressure. At that time, the moment or before the dressing
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agai nst the polishing cloth 210 under a predeterm ned pressure. At that
time, the nonent or before the dressing 34 6 SEPTEMBER 2005 GSERERVIBERA2003
brought into contact with the polishing cloth 210, water is supplied from
the polishing liquid/ water supply nozzle 215 onto the upper surface of

pol i shi ng
pol i shi ng
pol i shi ng
pol i shi ng

| ot , e L.shing,. | Lgui I i
L0 o oot ey suses oo e L Bsemint e on
syrf ac aQ%rthgspoghiﬁhﬂgwplQ&szlQheyggBiighg%%'ngiQ%H@V%ater

is perforned by the "second dresser During, before, or af

dressing by,p10 t heosecong 18r esses 283, Jpddrogsirgascand pthe watalsnam

chem cal

liquid are supplied to the atom zer 216 under a predeterm ne

t he
t he
ol e

ter

pressure apd HAMEErAt 8 ewa dRdadakp ket ddd Pl i oMmPselqeidt hempihenwater or
the chemcal liquid and the nitrogen gas is sprayed fromthe spray nozzles
216a insthents g oideig 2¢6otaverld .t herpad | sthag sekonkd 2 s sws238heanm xed
sprayed in an atom zed state on the polishing cloth 210, ~whereby
t he pol i shiregenieguite amndet hehopel i sbihghivagt esur B nia ahet hpopadlsihshigng
cloth 210 are scattered toward the outside of the polishing table 211.
20 parti culcdotht 2d0pol i shing |liquid and the polishing wastes that have
fallen into recesses in the polishing cloth can be blown away fromthe

liquidis

recesses by the Yastcormzésetngnbefereay Retishguod,isanderfarmnhdr bearkhse

washed away by the pure water or_chemical liquid. Thus, the polishin
| i qui d andS250onHe §oFIPF ng Wast eRUT Whd chPeéRaicns ®h BAESH0IGEIS NG|
210 t01§ause a scratch, can be effectively renoved. This

15

20

25

the second dresser 233, nitrogen gas and pure water or a
chemical liquid are supplied to the atomizer 216 under a
predetermined pressure and temperature, and a mixed liquid
composed of the pure water or the chemical liquid and the
nitrogen gas 1s sprayed from the spray nozzles 216a in the
atomizer 216 toward the polishing cloth 210. Thus, the
mixed liquid is sprayed 1in an atomized state on the
polishing cloth 210, whereby the polishing liquid and the
polishing wastes remaining on the polishing cloth 210 are
scattered toward the outside of the polishing table 211. In
particular, the polishing liquid and the polishing wastes
that have fallen into recesses in the polishing cloth can be
blown away from the recesses by the gas contained in the
mixed liquid, and, further, can be washed away by the pure
water or chemical liquid. Thus, the polishing liquid and
the polishing wastes, which remains on the polishing cloth
210 to cause a scratch, can be effectively removed. This
atomization can be performed in any time during dressing by

the second dresser 233, or in any time before or after
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atom zation can be perforned in any time during dressing by the second
dresser 233, or in any tine before or after 35 6 SEPTEMBER Z(SFEPTEMBERI§0HY
the second dresser 233. Incidentally, as indicated by a dashed line in
FIGS. 14 through 16, the atom zation may al so be perfornmed at the tinme of

the initial f | tioni f the polishi | oth bef lishing. 5
The vat or SEBRFFBA | Phm ThE pOPICREng “FRGOA waCer  SUBRTY RBESHe/ro. fhe.

l'i shi loth 21Q and the ,ni i qui d d fyemth i 6
Phe pol | SniRG-eR6EH D0 oy BoShatt o bt oL hE Hatsi Ho o AL bol'eeni Aot abl e

211 by 2 gentiilvogl faves ncoduced fuy bhe tal atlon. ol (he 10 pohisiLD

g
table 211, an%iare recov i rovi de the Tower part of
the frane t e . i 0 r; i-ng, §§ggﬂ%3 : 233 i's
returned %%Zfﬁéésgg%g?g§ogg§§{?%;ng Eﬁ?ﬁgﬁ%ﬁﬂfﬁgﬁﬂgbsser _eggﬁgéﬁﬁlg nd
then clseaned in +he dresser Lhganidg Balh 218epr oy dedind5 gt hipwstand- by
position. A polishing process of the sem conductor wafer”is then perforned.
During pol ishhng afodhee serg cenduchen i Wkl &P th Ol PAKaShikRE OhiRed

sem conductor wafer Wby the top ring 223 but also dressing by the first
dresser 239i4fidhep28ydHessiohy the taLdditsr peLbobaedhaIgol ilsh shows168hs
state. In this case, the spindle 220 is rotated to nove the top ring head
221 onto theopakesbicagtelreidh t8l0the dvhespaki shi nge posiitshdmg Theseaf per, the
top ring 223 and the polishing table 211 are independently rotated, and the
sem conduchwr 25 ceafteri \Wdadl d fomceheptrogucedg 223 tdred trleapdloinshbfig thbl e
211 are relatively noved to press the sem conductor wafer Wheld
10 polishing table 211, and are recovered in the tub 217a
provided at the lower part of the frame 217. After the
completion of diressing, the second dresser 233 1is returned
to the stand-by position by swinging the dresser head 231,
and then cleaned in the dresser cleaning bath 218 provided
15 in this stand-by position.

A polishing process of the semiconductor wafer is then
performed. During polishing of the semiconductor wafer, not
only polishing of a semiconductor wafer W by the top ring
223 but also dressing by the first dresser 239 in the

20 dressing unit 213 is performed. FIG. 13 shows this state.
In this case, the spindle 220 is rotated to move the top
ring head 221 onto the polishing cloth 210 in the polishing
position. Thereafter, the top ring 223 and the polishing
table 211 are independently rotated, and the semiconductor

25 wafer W held on the top ring 223 and the polishing table 211
are relatively moved to press the semiconductor wafer W held

on the lower surface of the top ring 223 against the

polishing cloth 210 on the polishing table 211. At that
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on the |l ower surface of the top ring 223 against the polishing cloth 210 on
the polishing table 211. At that 36 6 SEPTEMBER 2005 tine, a6 DBPTEMBER 2005
liquid is supplied fromthe polishing |I|iquid/ water supply nozzle 215 onto
t he upper surface of the polishing cloth 210. For exanple, a suspension of

fi | shi ticles . .al kal i . sol ution. | LN ,
Lhe. som condiErof Swel Gr D parreng by (P RoD: Aaw Lt FoB B LA THa cal
l'i shi ff [ | kaj,i | cal L shi t

Bt i ned by oR ™ AarREnERgEhy, PR e, B0 T dha it Ca Boaeed A e

pol i shi ng %aé.ﬁﬁﬁ%gf edi 4 ont ha out sirdg: of . bRg1RO! i shidigtahl £,10 241 Ay, A

centrifuga orce produced by the rotation of the polishing table 211, and

i s recover Egl&?hanbu%a@%ﬂ%l@spvirgegn al khe |%t%tm9§r the ficage 24h
During such polishing, the swinging notor 236 fixed to he support section

235 in 4 herdf essidige UNithe213ehsc8slUaEEE Wdxd© Wi Dg thel syhed asyn
t hereby noving the first dresser 239 housed in the dresser cleaning bath 247

in the suppenbinbase A4&tOndp bherpalich nprigiin@lesrehe fitsiideasssr
239 is then rotated by the rotating notor 243 to bring the dianond dresser
248 hel d oanthelkilst adress ek chatnd caliutprdnits MG gagei flest t tdet pioh&dhbrg teleot h
210 under a predeterm ned pressure for dressing the polishing cloth 210.
During thipodiesshng, phheiseng ar Mh237paindshhedf i Lsuidr essed 239 ardeswung
by the sw nging nmotor 236. The controller 250 controls the notor speed of
t he swi ngi ngl25hapgois286asserkat tiohdheniond sspgeed foftitcherdlishidgesadrle239
vari es depending on the position of the first dresser 239 on
10 211 by a centrifugal force produced by the rotation of the

polishing table 211, and is recovered in a tub 217a provided

at the lower part of the frame 217.

During such polishing, the swinging motor 236 fixed to

the support section 235 in the dressing unit 213 is actuated

15 to swing the swing arm 237, thereby moving the first dresser
239 housed in the dresser cleaning bath 247 in the support
base 246 onto the polishing cloth 210. The first dresser
239 is then rotated by the rotating motor 243 to bring the
diamond dresser 248 held on the first dresser into abutment

20 against the polishing cloth 210 wunder a predetermined
pressure for dressing the polishing cloth 210.

During this dressing, the swing arm 237 and the first
dresser 239 are swung by the swinging motor 236. The
controller 250 controls the motor speed of the swinging

25 motor 236 so that the swing speed of the first dresser 239
varies depending on the position of the first dresser 239 on

the polishing table 211. The swing speed of the £first

dresser 239 is controlled based on a profile of the surface,
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the polishing table 211. The swing speed of the first dresser 239 is
control | ed based on a profile of the surface, 37 6 SEPTEVBEM SERFEMBERZ005
pol i shed, of the sem conductor W That is, the swing speed is controlled so
as to be low at a position of the polishing cloth 210- for polishing an
area in which the film thickness to be |ished is |arge, and so as.to be
high at a gopBEiPP&&S@FdPhé”%oW?%h?ﬁﬁlEngﬂcﬁﬁé For Eﬁﬁgsﬁfhg GA° ar B4 Pn
which the filmthickness tolQ$ polisheg i%{snPll. herefore, . the o%'shing
cloth used®d¢ pdfSi sHINGE St aF e i hi-@h Fhe™CYi P thi BRA&SE°F0 He poFi shed

cl oth use: J i Funren i BRRESS °Fo b
R e o R D s S e S e o A S s S

area in wfeh h ehiciriess” o Be b “Thos,

can be pol TARGETEs ot oy aP PRAFEntln £, e AR AP R PRFTh: efngas o

be ol sshed, L pr pOR! b CBRDEo1 thiﬁgf;@&%ec!hatzil‘be!ﬂbr] &1 FARPAIeNiLda LRI S

can elim excessli ve poli shi r itnsufficient polishing. The dressing

time of the, fifstndressartR3QxAEELNGoPBLI $BI1AGHAN tike sream CoRfuckelh waf er W
may be selected as desired. The controller 250 in the present enbodi nent

control s tfige SMbDOshepged10fnt hsdd redr dsess6h i 239%anAhtreanati wWel ych | Bher der
to 20 elimnate excessive polishing or insufficient polishing, the rotating

mot or (rotaiimgctRechasssMo243 golihad risylanger iepressisegl mechantsah 240
may be controlled to control the rotational speed or the pressing | oad of
the first thesserisR3fg 2%olth arsaicheforxaopl h shgwani arERGinlwhidie théti al
surface conditioning of the polishing cloth before polishing
10 film thickness to be polished is small. Thus, in the top
ring 223, an area in which the film thickness to be polished
is large can be polished relatively more, and an area in
which the film thickness to be polished is small can be
polished relatively less. Consequently, this can eliminate
15 excessive polishing or insufficient polishing. The dressing
time of the first dresser 239 during polishing of the
semiconductor wafer W may be selected as desired. The
controller 250 in the present embodiment controls the swing
speed of the first dresser 239. Alternatively, in order to
20 eliminate excessive polishing or insufficient polishing, the
rotating motor (rotating mechanism) 243 or the air cylinder
(pressing mechanism) 240 may be controlled to control the
rotational speed or the pressing load of the first dresser
239.
25 In another example shown in FIG. 15, the initial
surface conditioning of the polishing cloth before polishing

is performed by the first dresser 239 instead of the second

dresser 233, and other features in this example is the same
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is perforned by the first dresser 239 instead of the second dresser 233,
and other features in this exanple is the same 38 6 SEPTENVBEFSEREMBER;2085
exanpl e shown in FIG 14. Thus, the first dresser 239 can be used for
initial surface conditioning. In still another exanple shown in FIG 16,

t he second dr%%segﬁ%§§€k§ ?Hgﬁg qQnl Vet the tigggg%yr?ﬁéa 8 ft t§ecpabishi ng

cloth 210,%% an uen ressing 1s perfor irst dresser 239.

Since a po#§§hggg ggognﬁggqﬁggfpﬁgty§@tEgr@ggedk%%ay%idﬁiﬁéJ, thesthme

necessary for dressing at the tine o initial surface conditioning is

long. On the ptber Rardiel Bholhe isaser®f B6 pothshipgoaboldrezkl 4 hag3 hag been
dressed once, 10 the polishing efficiency can be increased sinply by

dressing |fe@ SAPYtati fBe ThREEHE epilddehe X IShihg e Rd€h 160,
initial surface conditioning is perforned in a short tinme by a

| ar ge- di anpher s58GRREAHESELss 283y ard sk essimgld oby patd i ens stecessasyrt o be
dressed in the polishing cloth is 15 perforned by a small-dianeter first

dresser 23839 Thi sindsesspngisbtihad dlotli2ablleeforeussei st o tcaseesbhede
dressi ng cannot be perforned during polishing because of reasons based on
pol i shi ng gtosesds, thechiase cosdesstrpnfolr aressikg ece tbebéipe isthethaith a
used polishing liquid. 20 As descri bed above, in the polishing apparatus
accor di ng itmithel pseséacei avaditéanisonde tlead.ir On dhessdhe3nmdyi Ay a

di aneter smaller than the sem conductor wafer W as the workpiece to be
pol i shed isheiseziset®é arepalishbrd glesbedlfalthBE Rasi bgcas FesisaH ARERi n

t he polishing 25 surface. Thus, the anmobunt of dressing can be adjusted at a
desiréd posheipnlimhing pEELSAPRGYsGARalE. 1MRErESEe S1mply by dressing

in a short time. Therefore, in the example shown in FIG. 16,
initial surface conditioning is performed in a short time by
a large-diameter second dresser 233, and dressing of
portions necessary to be dressed in the polishing cloth is

15 performed by a small—diameter first dresser 239. This
dressing method 1is suitable for use 1in the case where
dressing cannot be performed during polishing because of
reasons based on polishing process, such as combination of a
workpiece to be polished with a used polishing liquid.

20 As described above, in the polishing apparatus
according to the present invention, since the first dresser
239 having a diameter smaller than the semiconductor wafer W
as the workpiece to be polished is used, the area to be
dressed can be varied as desired within the polishing

25 surface. Thus, the amount of dressing can be adjusted at a
desired position in the polishing surféce. Therefore,
polishing can be properly performed in accordance with the

profile (film thickness distribution) of the surface, to be

39



polishing can be properly perfornmed in accordance with the rofile (film

t hi ckness distribution) of the surface, to be 39 6 SEPTEVBER; SOBEEMBER08]
of the sem conductor wafer W Here, for exanple, the distribution of the
film thickness to be polished in the sem conductor wafer W that is, the
profile of theézurface o be olis t he 5 sem conductor wafer W may

be previ ouBPy1§88Gmedth %OW@P‘%%% i%5 dh method or a film

deposi ti on apparat us, at | ea t on of t e svu Ny eed pLot t| onal
speed, and the Pregsi ngoFoa&XS‘f“Pt g fi 'g%bcpmayége g Rt r 6184

accor di ng ggggkgr ggr am hased o0 0i B G %r?{wfglg@ct&s Heshopn 19FI GS

11 t hrough t hi cKNEss® neasur i ng measurtng’th

profile of ; gj%fll% be ¢ p%éS%f th‘%o ?@#@érﬁéd vvafoq:r \%gef ore

or during pOIls e provided, an at’ | east on e swing speed,

Lhe rotat | gnah -SRARA LAY NS B L5RLPUSLOBIL0N oLBE 15 Jouiraly d£558T0239 My

be control or each of sem conductor wafersS based on the actual

profile of fihg RWSBAG8.0d mbENH! behed, roint Be é%mt%ﬁdte&wra/@w Whgwhi ch
is measured by the filmthickness nmeasuring uan hus, when the film

thi ckness peasuehistg dHH toB0@nBasWaern ﬂﬁ@é/cﬂﬂeﬂheonQ@ﬂi%lﬂﬂaﬂg &Ffede and
performed nore properly for each of sem conductor wafers. Wen the profile
of the surtpeeprtesihg pokidshed thef fiihestseiamwticI3n m@f ese WostABASEHEd by
the filmthickness neasuring unit 300, a pad profiler for measuring the
profil e of atherpgohgshionga sprdgeemobatskeel 2m pohishiprgfdillet.h Fi0-theyr, as
additionally be provided to neasure the profile of the polishing surface,
and atlO eashowne igf FIGS. 11 through 13, a film thickness measuring
unit 300 for measuring the profile of the surface, to be
polishked, of the semiconductor wafer W before or during
polishing may be provided, and at least one of the swing
speed, the rotational speed, and the pressing load of the
15 first dresser 239 may be controlled for each of the
semiconductor wafers based on the actual profile of the
surface, to be polished, of the semiconductor wafer W, which
is measured by the film thickness measuring unit. Thus,
when the film thickness measuring unit 300 has been provided,
20 polishing can be performed more properly for each of
semiconductor wafers. When the profile of the surface, to
be polished, of the semiconductor wafer W is measured by the
film thickness measuring unit 300, a pad profiler for
measuring the profile of the polishing surface of the
25 polishing cloth 210 may additionally be provided to measure
the profile of the polishing surface, and at least one of

the swing speed, the rotational speed, and the pressing load

of the first dresser 239 may be controlled based on both of

40



the swing speed, the rotational speed, and the pressing load of the first

dresser 239 may be controlled based on both of 40 6 SEPTEVBERSERTEMBER 2005

profiles of the surface, to be polished, of the sem conductor wafer Wand

the profiles of the polishing surface of the polishing cloth 210. Further,
the dressing of the.polishing.cloth 2 my 5 Db erforme ccording.to a
flow as shb iﬁrﬁgéﬁef7. haf%%:asgﬁ %ﬁethéu?ns?galp%%%?g%g'coﬁgit%@ﬁ ng

is perfornmed b t.he, second_dresser 3 he i shLn I 2 I; ressed
by the firg?ma¥8§ggft§§9,w%ﬁ rtﬁinag%ge%P%oH%ﬁg%%igaag%f 3&Eﬁs$§%ﬁ§§%g .

After the BQL%EBE“SfOEhEhﬁgﬁ%gthEP%ﬁk>thﬁﬁﬁr 10 W it is decided whether

t he polishing perfornmance polishing cloth 210 is, properly maintained

or not. V%en_theFWQQHIéPi ngrRerd o5 0BNEe bs NAle PHOPEEhYngMRIRLH Nety L&
whol e polishing cloth 210 is dressed by the |arge-dianeter second dreSser

233. Iy orgder pberderkde a2 omathiered he pobisshisngeant ofdance. | $7pr opakky
mai ntai ned or  not, the profile of the surface, to be polished, of the

sem conduct gr waker Wis mrasuned sMdfaddiecdhd it ibhekgess peassyheq it
300, and it 1s decided whether the nmeasured profile neets a predeterm ned

| evel requineneBtond NiessWr ThBS, ithet heo Ciasei mfieceothe 200l i 54 agessetace
has been locally worn, substantially the whole area of the polishing
surface ispdressedinstt heréasge- ddanetaerd selvomdadsesdennZB®; tomnd hencd,
even when the polishing cloth 210 has been locally worn due to the dressing
of the firss dokéssberd239AfR6rt hbespatle stfinghe fpotlishienyl cdmdiicdD wafielbe
reset by the second dresser 233.

10 W, it 1s decided whether the polishing performance of the

polishing cloth 210 is properly maintained or not.

When the polishing performance 1is not properly
maintained, the whole polishing cloth 210 is dressed by the
large—-diameter second dresser 233. In order to decide

15 whether the polishing performance 1s properly maintained or
not, the profile of the surface, to be polished, of the
semiconductor wafer W is measured with the film thickness
measuring unit 300, and it is decided whether the measured
profile meets a predetermined level requirement or not.

20 Thus, in the case where the polishing surface has been
locally worn, substantially the whole area of the polishing
surface is dressed by the large-diameter second dresser 233,
and hence, even when the polishing cloth 210 has been
locally worn due to the dressing of the first dresser 239,

25 the state of the polishing cloth 210 can be reset by the
second dresser 233.

Next, a polishing apparatus according to a fourth

embodiment of the present invention will be described below
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Next, a polishing apparatus according to a fourth enbodiment of the present
invention will be described bel ow 41 6 SEPTEMBER 2005 wi t h r @PEPERMBER)2005
FI GS. 18 through 20. Like parts and conponents in the present enbodi nent
are designated by the sane reference nunerals as those shown in the third

enbodinent..g ;t%ﬁ 8%gg%gti€gl%&hﬁsyeﬁ%rr?ﬁfégghgﬁ%?g 5 ﬁfﬁégﬁ%ﬁgfh and

descriptiof®* ME-as parts in the odi nen i's a

verti cal CEg%%b%%?xtésonj?rke¥%ngr%%wtérﬁ%éiJYmél}flevma@gi gigen%aiié;fht%& By &ne

polishing s ron in ol i'shing apparatus accor pr esent
embodi ment ségngﬁ ANe ARsent L LRYERT 50N, sandnBls@S. skdand 20 apgescheqald c

pl an vi ews showi ng the polishing section in the polishing apparatus

accordi ng LRpbhemRhesent eabedi et ofatthie-rasent rdaentd oo Asnshewe in
FI GS. 18 through 20, the polishing 5 apparatus according to the present

enbodi nent £eepakanhe Yde§@£*1>{>]i:§6ﬁ ardd I shedrRed NgsUdr2b2ihavinyy anfiirdast
dresser 273 for dressing the polishing cloth during polishing operation,
and a secoagpdraesentg unit 251 having a second dresser 263 for dressing for
initial surface conditioning of 20 the polishing cloth before use in
polishing. The fFrst dressindsunita 252 eomprdlses ardos+zeatadbhyl extepded
ball screw 270, a dresser shaft 272 extended downwardly froma nut 271
provi ded oschbmabalchldgr eb@ig andaanspbstaptfi & Ipoldigking kee¢tist dnesser
273 connected to 25 the | ower end of the dresser shaft 272. A ball screw
drive notohe2pdliishdaunexpriira adnacenddangt e Bdld mressn7enbodiment

10 of the present invention, and FIGS. 19 and 20 are schematic
plan views showing the polishing section in the polishing
apparatus according to the present embodiment of the present
invention.

As shown in FIGS. 18 through 20, the polishing

15 apparatus according to the present embodiment separately
comprises a first dressing unit 252 having a first dresser
273 for dressing the polishing cloth during polishing
operation, and a second dressing unit 251 having a second
dresser 263 for dressing for initial surface conditioning of

20 the polishing cloth before use in polishing.

The first dressing unit 252 comprises a horizontally
extended ball screw 270, a dresser shaft 272 extended
downwardly from a nut 271 provided on the ball screw 270,
and a substantially disk-like first dresser 273 connected to

25 the lower end of the dresser shaft 272. A ball screw drive
motor 274 1is connected to one end of the ball screw 270.
The ball screw 270 1is rotated by actuating the ball screw

drive motor 274, and the nut 271 provided on the ball screw
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The ball screw 270 is rotated by actuating the ball screw drive notor 274,
and the nut 271 provided on the ball screw 42 6 SEPTEMBER 2GCSEEXEMBER 200
first dresser 273 connected to the nut 271 are horizontally novable via the
action of the ball screw 270. Thus, the first dresser _2.7,3._ can be

reci procat g, betwean A ¢ dr esshpdsnosi bon of, 1he-bel Lshing ¢lath, 710,300 a

stand-by 5 positron located oufs 0 pol 1shing as

i ndi cat ed pgrggogggwﬁgjro@??&% #P2 TRLS i&é%@%ﬁéi é%&fl"ﬁ]@fe\g7é7ios

connected to a contro for controllin e spee e notor (‘swing

speed) . Thenhall (3¢ eyt dit VareBREY 274 canstdd ubesigrHeXLBd Bohiadesmaf or
nmoving the 10 first dresser 273 on the polishing table 211. Further, the

first dresgess2iidql §o§%@bad dr0 tehe 196 8L ERInGOLOH AN QU@L ikl NEChaRh8Thy275
fixed to the nut %7 of the ball screw 270 via the dresser shaft 272 and is

connectsed pOsapigh! Lyddtdler i PrRssiofy arehaid Sighidvd Wad1kb bhe drasser
shaft 272. Therefore, the first dresser is vertically novable and is
rotatabl e ahoutatbe BresserashafitE 2A42.Fs dreGserThieabang haidewr7drioe
cleaning the first dresser 273 is disposed in the stand-by position | ocated
out si de ofméter palidshisngeémidet@dlto2®G Heomtraklew t R8Dhe drhi coh enbddii mgnt
the first dresser 273 conprises a disk-type dianond dresser 278 as a
dressi ng ehenepeedThdé dirmmetatonf (stengi speedi) ess&he2b lils smwdw edrivhan
that of a sem conductor wafer Was a workpiece to be polished. Therefore,

t he dressewpea 20f4 t kengdliitsthiasy 25 BPBiRIbynat@fisst foressering3 the

smal l er than the area of _the polishing surface that is to be used for
polisﬂpng f¥est dresser 273 on the polishing table 211.

Further, the first dresser 273 1is coupled to a
rotating motor (rotating mechanism) 275 fixed to the nut 271
of the ball screw 270 wvia the dresser shaft 272 and is
connected to an air cylinder (a pressing mechanism) 276 via

15 the dresser shaft 272. Therefore, the first dresser is
vertically movable and is rotatable about the dresser shaft
272. A dresser cleaning bath 277 for cleaning the first
dresser 273 1is disposed in the stand-by position located
outside of the polishing table 211.

20 Here, as with the third embodiment, the first dresser
273 comprises a disk-type diamond dresser 278 as a dressing
element. The diameter of the first dresser 273 1is smaller
than that of a semiconductor wafer W as a workpiece to be
polished. Therefore, the dressed area of the polishing

25 cloth by the first dresser 273 is smaller than the area of
the polishing surface that is to be used for polishing the
semiconductor wafer W.

The second dressing unit 251 comprises a rotatable
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sem conductor wafer W The second dressing unit 251 conprises a rotatable 43
6 SEPTEMBER 2005 spindl e 260, a dresser head 261 connected t6cSEREEMBPRR206Md
of the spindle 260, a dresser shaft 262 extended downwardly fromthe free
end of the dresser head 261; and a substantially disk-1ike second dresser

263 connected to the 5 lower end of the dresser shaft 262. Wen the dresser
head 261 $RIBHbRGZEY t e FBEaEFHNNERY HE SpFMMEC DD, LPhENSe RRPT dPBEser

263 is horizontally noved d thus can be _recipraocated bet n a dressing
bosi 11 on ofit t RESpGFiERILEg 20l oth JTBSARA SP8Eknd By HOSAGh FOEAEREDH oi de
of the 10 poli shi table 211, 'as i.ndicated, by an arrow,D in.FIG_19.
Further, t Eogec5ﬁ% d%§§§%r 583 igfco&&%anﬁ%%%fﬁkegg%?‘ gﬁ&ﬁt fﬁﬁgtoaa

not or (not_sho royvided wi thin the dres a 6 IS, connegcted to
a eIevgtorssg?¥%%5$a§¥3t%l§ G%ﬁ ° §§H?ﬁg¥‘?ﬁ%sgggogggd%gggggtfﬁb'?% the

vert| Cﬁ,' | ylc%’%??%ﬁd Ly angl i értégEéEa@'h%f%%z ! herg%rSS‘EﬁE Walds b2 LT e

as wth the't enbodi nent e secon resser conprises a

pel | et -t ypgg di i’g‘é\%@%@fgel%zfrtk@ S @ oIr§5SLRG eheRAL. 2Hde dirurel &5, Rk tﬂe

second dresser ger than that of the sem conductor wafer Was the

20 wor kpi egeot9ebe Pl shed. Therelaralhe dsesgedaanea ©fus t hepol i 5hi ng
cloth by the second dresser 263 is |larger than the area of the polishing

surface thadcisré®abequsrdfedin ROIdYdlthd hgoserieandict eheWaieri WM i Next ,
t he operation of polishing of sem conductor 25 wafers and dressing of the
pol i shing €l®th Ry ot hen@ola sétagd-Bpparcatitsi drhusoeansdir uaited dé | bfbethe
descri bed below. Only
10 polishing table 211, as indicated by an arrow D in FIG. 19.
Further, the second dresser 263 is coupled via a dresser
shaft 262 to a motor (not shown) provided within the dresser
head 261, and is connected to a elevator cylinder (not
shown), so that the second dresser 263 is vertically movable
15 and is rotatable about the dresser shaft 262.
Here, as with the third embodiment, the second dresser
263 comprises a pellet-type diamond dresser 264 as a
dressing element. The diameter of the second dresser 263 is
larger than that of the semiconductor wafer W as the
20 workpiece to be polished. Therefore, the dressed area of
the polishing cloth by the second dresser 263 is larger than
the area of the polishing surface that is to be used for
polishing the semiconductor wafer W.
Next, +the operation of polishing of semiconductor
25 wafers and dressing of the polishing cloth by the polishing
apparatus thus constructed will be described below. Only

the operation corresponding to the example, of the third

embodiment, shown in FIG. 14 will be described. However, it
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the operation corresponding to the exanple, of the third enbodinent, shown
in FIG 14 will be described. However, it 44 6 SEPTEMBER 20(cSERTEMBER&46S t o
say that the follow ng description can be applied to the operation
corresponding to the exanples showmm in FIGS. 15 through 17,. First, initial

surface conditiogh%%ﬁgftghgfgpl%ﬁhknqju§ Eg%?ﬁ@héfg#%giggg%g 'ngqueg tion

will be destri'fe surtace of the polrs g hinly shaved

by the seg . dresse 63 I S r i i e.nLpLtial
surface co?%fll%‘l&li ?1‘3 fﬁ?gt ﬁgggé‘ft??ﬁi %%q%%g?)ﬁ%ef % ewp%qelzgﬁf%gél%]cfh?ghs hows
this state, | i's Lhg 16 dresser head 261 is noved to the dressing
position gﬂit éﬁg' }ggﬁﬁﬁa QIOth'ZlO by the rotation of the spindle 260.

Thereafter, the second dnessan 263 poekt Renpaldiohiing tépl @he2ldo Al 8hing
i ndependently rotated, and the dianond dresser 264 "held on the second

dresseg 263 dh bpought ddteo abyh MRGt obsragdiorstuiie pel dshicrg ot h 248
under a predeterm ned pressure. Thus, the second dresser 263 can regenerate

the whol espatdsdi g e goel tdhidg pobtehing clotth2dly Ahteed the the
conpl etion of dressing, the second dresser 263 is returned to the stand-by
posi ti on hyecmdigilngsshe deSssiat PReheado2dl, dwuk ifpnuclieaféd ifod hehe
dresser cleaning bath 218 provided in this stand-by position. Next, -
pol i shi ng iofitaiskensoefidaet arorvifteron sngeofortined. po Dush hgg pollioshi ngeHbra
sem conductor wafer, not only polishing of a sem conductor wafer Why the
top ring 228 imhimkp. al STCr es8i vgdvis t helifi rstatdr.essén X748l ncelke . fitke
dressing unit 252 is performed. FIG 20 shows this state. In this
10 dresser head 261 is moved to the dressing position on the
polishing cloth 210 by the rotation of the spindle 260.
Thereafter, the second dresser 263 and the polishing takle
211 are independently rotated, and the diamond dresser 264
held on the second dresser 263 1is brought into abutment
15 against the polishing cloth 210 under a predetermined
pressure. Thus, the second dresser 263 can regenerate the
whole polishing surface of the polishing cloth 210. After
the completion of dressing, the second dresser 263 1is
returned to the stand-by position by swinging the dresser
20 head 261, and then cleaned in the dresser cleaning bath 218
provided in this stand-by position.
Next, polishing of a semiconductor wafer is performed.
During polishing of a semiconductor wafer, not only
polishing of a semiconductor wafer W by the top ring 223 but
25 also dressing by the first dresser 273 in the first dressing
unit 252 is performed. FIG. 20 shows this state. In this

case, the spindle 220 is rotated to move the top ring head

221 onto the polishing cloth 210 in the polishing position.
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case, the spindle 220 is rotated to nove the top ring head 221 onto the
polishing cloth 210 in the polishing position. 45 6 SEPTEVBERSERXEMBER 2005
Thereafter, the top ring 223 and the polishing table 211 are independently
rotated, and the sem conductor wafer Wheld on the top ring 223 and the
polishing table2ll are relatively noved to press the sem conductor wafer W
hel d on t hBh¢eeRftersufhacéosf riRg tdp @Ak 23 Padel sising Healple? i $hi ngrel ot h
210 on the polishing table 211. At that tine, a polishing liquid is
supplied f¥ @%@dﬁﬁgﬂghFﬂéaFFSui&Fﬂaﬁ@@ SEPFPICYNIWELATe "HB it e hé BPper
surface of the polishin | ot h, 210 for there ol i,.shi ng the semn conduct or
waf er W lfp?thﬁgréﬂgh%ﬁéH%ﬂﬁr1,étﬂgfbﬁ?fngcgéRﬁargjg” Orr ORIl Y he
first dressing,unit 252 is actuated t ve the first resser_ 273 housed in
e dr essdioTHdanPng bath 97 SAPSCPRACRIE: YAERG o RHLDIOR e (1PePE

d 273 is.th ted by th tat] 275.t0.bri t | d

i cssoP 27H BB 0 OR Bhe o Pol i seeh oD P o Be Bl bR Pttt (hbS
l'i shi th 21 1der. i ned for _d [ t he.

bol i shi ng &1 orn 182 BFTRS THESEar cibl g, e §rrst UPEeset HPH1 4 4Mlng

on the poljshing table 21l;ia thetadial dineetion of thg/.20-1akl &, by
274 gg c % ( ﬁ r

the ball screw drive nﬁﬁ%r The controller 2 ontrols the not peed

of the ball,screvw diiyecJotRe ugBdrsqutbatet B $WENGoIR8RANG! chibeH id15f,
dresser 273 varies depending on the position of the first dresser 273 on

the polistimnociabdisy 23d1 i JhengWeng spredonfiutherf Wagskbrdyesser 25 273 is
control |l ed based on the profile of the surface, to be polished, of the
sem copduct or wahefiny Jheh pslithénswi e ball screw drive motor 274
in the first dressing unit 252 is actuated to move the first
dresser 273 housed in the dresser cleaning bath 277 onto the
polishing cloth 210. The first dresser 273 is then rotated
by the rotating motor 275 to bring ﬁhe diamond dresser 278
15 held on the first dresser 273 into abutment against the
polishing cloth 210 -under a predetermined pressure for
dressing the polishing cloth 210.
During this dressing, the first dresser 273 is swung
on the polishing table 211 in the radial direction of the
20 table 211 by the ball screw drive motor 274. The controller
280 controls the motor speed of the ball screw drive motor
274 so that the swing speed of the first dresser 273 varies
depending on the position of the first dresser 273 on the
polishing table 211. The swing speed of the first dresser
25 273 is controlled based on the profile of the surface, to be
polished, of the semiconductor wafer W. That is, the swing

speed 1is controlled so as to be low at a position of the

polishing cloth 210 for polishing an area in which the film
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speed is controlled so as to be low at a position of the polishing cloth
210 for polishing an area in which the film46 6 SEPTEVBER 209EPTEVBERSESt o
be polished is large, and so as to be high at a position of the polishing
cloth 210 for polishing an area in which the filmthickness to be polished

is small. Therefore, the polishing.clqth used for polishi n.area in
whi oh the BRAFKREER ERNBSs PO 1BEHolis ey 1Mihed S airtRedd AbeB fFaf the

l'i shi | ot h, d_f | i.shi ' ich t filmthick t
Pe. pol | ShetPTSELHRIPE TAGSCOMR TS QRO A 203" A mrah 1 B BRCTR&TY i m
t hi ck to. i sh | |0 relativel d
arca i 10°GHPRhCCRetf P RCSRRags ‘T BoPRa Lhed 15 Thili cARREee B0t ched

rel ativel v lgss,) consaguention Jdis £ap shiTLARLE a6Xgessl v, RAL|shipgcor

insufficient p I'ng. e dressing Irst dresser uring

pol i shigng Pg%h?rﬁigﬁﬁhgen%ctb%r r%zglffghéfé{nﬁy 9&:?@' ect e as Aesid£d- «fhg 15

controller e present e diment control's the swng speed of the

first dresggs %Z.@isﬁ‘kh@r pabicyelsed NEQF dsE116ni Kk AhNALREXGESH| V&, Pehbshi ng

or insufficient polishing, the rotating notor (rotating nmechanisn) 275 or

the air cyfingderniCRH@SS N NBENYI1SMhedl/ 61 fBY¥nBE 1cONtTIAld £diho Nt £ep the
20 rotational speed or the pressing load of the first dresser 273. As
descri bed abeyez223n &heapehi shi rpiappanat #9 lmaatdakmg d ccd e pfebeshed
invention, since the first dresser 273 having a dianeter snaller than the
sem conduci®r leatjer d25bas pdiki sioedpiredetiociy pobrshednds arsedretaheiar ea
to be dressed can be varied as desired within the polishing
10 which the film thickness to be polished is small can be
polished relatively less. Consequently, this can eliminate
excessive polishing or insufficient polishing. The dressing
time of the first dresser 273 during polishing of the
semiconductor wafer W may be selected as desired. The
15 controller 250 in the present embodiment controls the swing
speed of the first dresser 273. Alternatively, in order to
eliminate excessive polishing or insufficient polishing, the
rotating motor (rotating mechanism) 275 or the air cylinder
(pressing mechanism) 276 may be controlled to control the
20 rotational speed or the pressing load of the first dresser
273.
As described above, in the polishing apparatus
according to the present invention, since the first dresser
273 having a diameter smaller than the semiconductor wafer W
25 as the workpiece to be polished is used, the area to be
dressed can be varied as desired within the polishing

surface. Thus, the amount of dressing can be adjusted at a

desired position 1in the polishing surface. Therefore,
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surf ace.

Thus,

t he amount of dressing can be adjusted at a desired position

in the polishing surface. Therefore, 47 6 SEPTEMBER 2005 polG SERTEMBER 2005

properly

performed in accordance with the profile (filmthickness

di stribution) of the surface, to be polished, of the sem conductor wafer

W, As with the third di t, in th t. 5 bodi t, f
RGNS T LR U L

the profi

may be pfevgggghét dgﬁﬁ%ﬁ%ﬁ ek O AL AEROS! B0l IPLhode OLe A LhI e

deposi ti on®

he "sem conduct or Wwafeér

a gast one 0 e swi ng speed, e fotatio

speed, and.b e, prassiBgchoadagl cbiR.HGS! hdedr geser 273 my be cont rol
on

accordi ng Po-a program base

is profile. A'ternatively, a film

| e,
w

nal
| ed

thickness measuring unhf fERoMeaginidlg thgoRiAbhke ofithe G fageeskatbe
of the sem conductor wafer Wbefore polishing may be provided,

and at d eaéﬁbBB]gmehtt,hefo%Mélga@pf@ﬂ, thbe pld rigkatd onghe SReGGFacind thepe

pol i shed,

pressi ng

| oad of the first dresser 273 may be controlled for each of t

seni conduchg1 ; WREA! S oHaged OfedihCor@lttbr paffde W ndie B fpeevibashe

pol i shed,

of the sem conductor wafer W which is nmeasured by the film

he

t hi ckness geasdedngbdBet. 30 | a t e lihi rddpad tfiew t heettmdli nent sa afdianond

dr esser

is used as the dressing elenent in both of the second dresser

the first depssetiohowpparatilse drredsang leelsénente i of nahel iswirey spethe
di anond dresser. For exanple, not only pellet-type or disk-type di anon
dressers bthealsacad5arialg- sppeddi aamshdtieesyerss ity Beadsedf Fudret hELrshrush

dressers
10

15

20

25

may al so be used. It is also possible to use a
dresser 273 may be controlled according to a program based

on this profile. Alternatively, a film thickness measuring
unit for measuring the profile of the surface, to be
polished, of the semiconductor wafer W before polishing may
be provided, and at least one of the swing speed, the
rotational speed, and the pressing load of the first dresser
273 may be controlled for each of the semiconductor wafers
based on the actual profile of the surface, to be polished,
of the semiconductor wafer W, which is measured by the film
thickness measuring unit.

In the third and fourth embodiments, a diamond dresser
is used as the dressing element in both of the second
dresser and the first dresser. However, the dressing
element is not limited to the diamond dresser. For example,
not only pellet-type or disk-type diamond dressers but also
ring-type diamond dressers may be used. Further, brush
dressers may also be used. It is also possiblé to use a
proper combination of these various dressing elements.

As described above, according to the third and fourth
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proper conbination of these various dressing elenments. As descri bed above,
according to the third and fourth 48 6 SEPTEMBER 2005 enbodi h&EREEMBERRI0S
present invention, since a dresser having a dianmeter snaller than a

wor kpi ece to be polished is used, the area to be dressed can be varied as
desired within. the ol Lshing surface.. Therefore, .the poljshing cloth used
for 5 poli%ﬁh?ﬁﬁ%ﬁnﬁ e%fighﬁhpfﬁsFﬁg FPWﬁFFﬁF@Knéégqﬁ)ﬁxeEﬁﬁ?%ﬂe%avﬁgglarge
is dressed re than | i shi_ng cl f ol i shi . ar ;N

whi ch the % irg*)lrﬁ’”F%?% n%@glﬁgrbzﬁﬁgﬁ i% h»g%&ﬁ@g%aﬂ; b%h%é’,sﬂésﬁ‘%éf o1 W¥sHr ch

the filmtiickaess 1o Be polishedcly WU 9% CA e PabLsbed LAldHLY eLie M e,

and an 10 area 1n which the I ckness to be polrs I'sS sha can be

li shed f {shbog; d
pol i she gﬁéﬁgﬁ/ﬁgt %ﬁ?:%acggpz%gg%@f&e,p HSbAD; SR eclertgapggetv%g%éorne

i n accordance w e pro il m thickness distribution

surfacs, ?bl_bj_eslpﬂlld;; sigdarof ihhgnWerkphece 145 thi dkhJigedlets t8h SaynLHat
the present 1nventionis not limted to the above-descri bed enbodi nents and

may be pragctijgedei Bsvaliisedihdes eahahordie Wd hodl i giepalbtAg fderm rbhe
scope of the technical idea. 20 Industrial Applicability The present
i nvention gl isgH irahl £n f @fediSeni WhacHr €aser i liokhdcesiskg ta I fHCki e
polishing cloth attached on an upper surface of a polishing table in a
pol i shi ng iappatia@at us fanspolars e rep aimowkpicbcechteo fhielpothsbkdesdchtaasba 25
sem conductor wafer to a flat mrror finish. 49 6 SEPTEMBER 2005
polished is large can be polished relatively more, and an
10 area in which the film thickness to be polished is small can
be polished relatively less. Consequently, polishing can be
properly performed in accordance with the profile (film
thickness distribution) of the surface, to be polished, of
the workpiece.
15 It is needless to say that the present invention is
not limited to the above-described embodiments and may be

practiced in various different forms without departing from

the scope of the technical idea.

20 Industrial Applicability
The present invention is suitable for use in a dresser
for dressing a surface of a polishing cloth attached on an
upper surface of a polishing table in a polishing apparatus
for polishing a workpiece to be polished such as a

25 semiconductor wafer to a flat mirror finish.
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CLAIMS 1. A polishing apparatus for polishing a workpiece, conprising:
table for providing a polishing surface; a first dresser ha® Pk T@'&?ﬁ’tﬁ@?
surface for contacting said polishing surface during a first dressing
operation; a second dresser having a contact surface for contacting said
polishing surface during a second dressing operation; a sensor for
nmeasuring a profile of said polishing surface; and a controller for

control ¢Lpaov& dressing process of said first dresser, wherein said first
dresser and sai d second dresser are to performsaid first dressing
operation and said second dressing operation at different tines,
respectively. 2.1.TheApolishstd agpasgspafatpobstang amairqgete compimng, wherei n one
of said first and second dressers is for performng the initial surface
condi ti oni ng of adablg IPORPEITHeGR BAHHHESUIIBA%y at the time prior to polishing
of any workpi ece, cand, another. of said first and second dressers is for
dressing said pél f’?ﬁidrﬁffsgrug?vdﬁ% a Bcfﬂt?/aaﬁ’f%?c ior Vﬁ%ﬁ@ée%i@@é@ﬁﬁéﬂf@%%ed.

3. The.polishi .according to claim1l, wherein said first and
secoﬁgng?éggr%}g%sﬁggo@ﬁlﬁént in size relative to one another, 4. The

pol i shing appar at sesond dasshr gving « baitaat kprfateefoeicontrengfalgaishingstirfaend
second dressers is to nove_across said polishing surface while dressing said
pol i $MFIRga seeRTdHEssing OPFRaIPs| i shi ng apparatus according to claim1, wherein

| f said fi . d..dr. ' d i d polishi
Curtace wni o tAseaepp B PRI ORR SO SRR AR B R R ot ching

appar at us aCCOfCHaﬂmtoﬂeﬁoaic&zﬂouiﬂm@G?ésﬁz%%ﬁ}d%e:{sidﬁhi@mt dﬁﬁ&ﬁnd dressers

conprise di anond dressers. 50 6 SEPTEMBER 2005 7. The polishing apparatus

according to cl avimerdip vdiériesn dosser odndssdid secomst dreassdt secwnperfures saidsfirst

conprises a dianpond dresser; and, . . . .
_dressing operation and said second dressing operation at different times, respectively.

2. The polishing apparatus according to claim |, wherein one of said first
and second dressers is for performing the initial surface conditioning of said polishing surface
only at the time prior to polishing of any workpiece, and

another of said first and second dressers is for dressing said polishing surface

only after a workpiece has been poliéhcd.

3. The polishing apparatus according to claim 1, wherein said first and

second dressers are different in size relative to one another.

4. The polishing apparatus according to claim 1, wherein one of said first
and second dressers is to move across said polishing surface while dressing said polishing

surface.

5.  The polishing apparatus according to claim 1, wherein at least one of said
first and second dressers is (o dress said polishing surface while the workpiece is not being

polished.

6.  The polishing apparatus according 0 claim 1, wheremn said first and

second dressers comprise diamond dressers.
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anot her of said first and second dressers conprises a brush dresser. 8. The
pol i shing apparatus according to claim 1, wherein one of sab@EPTEMBERZS
second dressers is to dress said polishing surface when a polishing
performance is not properly maintained. 9. The polishing apparatus
according to claim8, wherein said one of said first and second dressers is
to dress said pdl i shiltgpslistiiag @ppiretust sieogdadg whelagn devileremrone dfssaid first
determ ned to not be properly maintained based on a profile of a surface, to
be pehd stwend désseisecomporskpn dranorst digeseriiang a predet ermined | evel

requi renent. 10. The poli.shi ng appar s according t cb im1l, further
conprising: an AGHICzE S‘?'a?‘Irgpﬂ@ﬁeﬁ%“%&ﬁsﬁ{%oﬁﬁ’t‘ﬁ%ﬁgﬁm (aﬁl:“?sé‘ﬂi ng surface so
as to renove a polishing waste present on said polishing surface. 11. The
pol i shing apparatus according to claim 10, wherein said atom zer is to

spray a fluid coymposefe ablighiAb HpPh@naf adeflid e tlathi .- wHetein iR ¥04di & firnng
apparatus according to ¢l aim310, wherein said atom zér is for spraying the

f | Ui din@andeosdiddesaonsi is hbondresusidcpolishirgesurfiee walrdopa goéisbiag merforaeme sohdtshed.
13. The polishing apparatus according to claim210, wherein said atom zer is
for gpeepsflyrgawkaingd.uid onto said polishing surface while said polishing
surface is being dressed. 51
9.  The polishing apparatus according to claim 8, wherein said one of said
first and second dressers is to dress said polishing surface when the polishing performance is
determined to not be properly maintained based on a profile of a surface, to be polished, of'the

workpiece not meeting a predetermined level requiremcnt.
10.  The polishing apparatus according to claim 1, further comprising:
an atomizer for spraying a fluid onto said polishing surface so as to remove a

polishing waste present on sajd polishing surface.

11. The polishing apparatus according to claim 10, wherein said atomizer is

to spray a fluid composed of a mixture of gas and liquid.

12.  The polishing apparatus according to claim 10, wherein said atomizer is

for spraying the fluid onto said polishing surface while the workpiece is not being polished.

13.  The polishing apparatus according to claim 10, wherein said atomizer is

for spraying the fluid onto said polishing surface while said polishing surface is being dresscd.
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