; WKYZe3e63TR>60T t3 0 AUG 2002 DESCRI PTI ON *166166* ABRADI NG PLATE;&NEMBZMZ
PCLI SHI NG METHOD USI NG THE SAME Techni cal* Field The present inventi

relates to an abrading plate and a nethod for polishing an object such as
sem conductor wafer using the abrading plate to obtain a flat and mrror

finish. 10 Background Art Recently, as the density of ci rcmﬂmu’ﬂm | on
I n sem conductor devi ces becones evely % ircuit patt "I ,m’m , om ng
finer and interline spacing narrower. speC|éﬁ since the lijg,

beconmes finer, the depth of 15 focus of the stepper becones very shallom1|n
phot ol i t hographi c reproduction of circuit patterns, and the surface of the

wafer placed at hpgaDa¢R pRladde aRb @b%I%h@R@eME@H@b beriatykosppeduce the
requi red degree of inage sharpness. A nethod of obtaining a flat surface is

to 20 polish the object in a polishing apparatus. A type of conventi onal
pol i shing apparatus conprises a turntable having a polishing cloth and a
top ring; whirelkhind.canegseddagai nst the turntable with a given pressure while
t he polishing object is held therebetween, and supplying a 25 polishing
solution to the i mMher paesent pnoduncéoa redttendtoi anoabpalliishedlauef and.
Thi s approach is called chem cal nechanical polishing (CW).

a method for polishing an object such as semiconductor wafer

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

10 Background Art

Recently, as the density of circuit integration in
semiconductor devices becomes ever higher, circuit patterns
are becoming finer and interline spacing narrower.
Especially, since the line width becomes finer, the depth of

15 focus of the stepper becomes very shallow in
photolithographic reproduction of circuit patterns, and the
surface of the wafer placed at the focal plane of the
stepper must be flat to produce the required degree of image
sharpness. A method of obtaining a flat surface is to

20 polish the object in a polishing apparatus.

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

25 polishing solution to the interface to produce a flat and

mirror polished surface. This approach is called chemical

AN

*G00002*

mechanical polishing (CMP).




1 3 0 AUG 2002 Figure 1 shows essential parts of an exanple of a 30 AUG 2002
conventional CMP apparatus. The apparatus is provided with a rotating
turntable 5 having a polishing cloth 6 such as a urethane cloth; a top ring
1 hol ding an object 4 such as a sem conductor wafer 4 against the cloth 6;
and a spray nozzle 9 for supplying a polishing solution Qto the polishing
cloth 6. The top ki i ct Op, 514 g af.t, 8 h o]
ring 1 holds a seﬁllggﬁ%uc?or%%&/a ergéﬂfjs%lﬁtg%int gtrlt\r/%\n tiﬁar?tnel g}s(fgxlﬂgl%m%é Euch
as pol yuret baRgentiohRa P Tddhrathas a fye | Q%{Béﬁ&&uguigepkbogdédoﬁi'ths
outer periphery so that the wafer 4 woul d not be di sengaged fromthe bottom
of the top nl RGthtilRe GUHMAPING hdbidd XedbdPidthend oPLstMIs lsuéRdakhe
wafer 4 is held within the holding surface so that the wafer 4 woul d not
junp outsi derefthiahe HdWp rd ngoplueing ir hetlidengl ahorgeiecn th $ileh choth 6.
The top ring 1 is supported on a spherical bearing 7 so that it can be
tilted withseadpenducaorhewshatt 8. aYhihethotie nglidth waferaddi ra t Berhgt t om
surface of the elastic mat 2 of the top ring 1, wafer 4 is pressed agail nst
20 the cl ot mo&zdre t Re tfornt abpplPinandat hpoXishitrahl e wnicdnt h@ t ap rithg 1
are independently rotated so as to slide the surface of the wafer 4

rel ative topoddsdlisigh slath pbti sHThehetolf &ing. Y nis hiconggsseda fsol & siclrg
solution Qis supplied fromthe nozzle 9 to the top surface of the cloth 6.
The 25 pol i $HiNdg STk i8on a8Gnphies E9PaBAag e DRALEI @ §§MiFendEgARE wategch

as silica partjcles, suspended inmgﬁ al kal i ne sgluti n, mhicﬁ havg t wo
ef fects of R oF°8&RFLo o n&HEF LS Mat 3208 292 PORENEELRAne -

l'i shi j kal i | yution,. faor l.e, hani i.shi
Ui ng. ablas o8 ok eife! Lipdg i SWeeRisitnBufe ThdSh ' REr BRceE
usi ng : patt _ & i _
oresont & tud CaRrStor “Obl S RAERHT T AR, B BRsE o BBl PR

initial stagOihRUISHNGhd AL IRIIONS PhetH@igerEose St LHCEUKERA S0
preferentially renoved, but gradually, depressed regions are al so renoved.

Therefore, igneeqd@riingsi pf ahbecaur vageri st 1ik didid cuithin bRed@eonadsned.

It is considered that this phenonenon in CVWP is created because a

rel ativel y seftfacleotdp i shatsedhal orgen th Foekd abtasiwe partsidesofonhai ned
in the polishing solution, so that not only the raised portions but also

t he deplbssd®@parindoniust thdrdgitigaalsfpysesr ¥ighetiesgloth 6. The top

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

be tilted with respect to the shaft 8.
While holding the wafer 4 in the bottom surface of the
elastic mat 2 of the top ring 1, wafer 4 is pressed against
20 the cloth 6 on the turntable 5, and the turntable 5 and the
top ring 1 are independently rotated so as to slide the
surface of the wafer 4 relative to the cloth 6 to polish the
wafer 4. In this case, a polishing solution Q is supplied
from the nozzle 9 to the top surface of the cloth 6. The
25 polishing solution comprises abrasive particles, for example,
such as silica particles, suspended in an alkaline solution,

which have two effects of CMP for semiconductor wafer,



15 renoved by such abrasive particles. Figure 2 illustrates such pr @%MEZMZ
of the conventional CMP, which shows irregularities caused by a raise
portion and depressed portion of surface filmthickness structure on the
vertical axis and relative time on the horizontal axis. As indicated 20 in
this graph, at a relative tine of 1 to reach a stage of surface renoval

the rai sed hghfiaIans RO shedidrom fnhel gt 160 about; 27, 0pgrangshrame to

a hei ght of rons,” but e depressed regions are al'so polished

f'rom 20, 000 30 %lec®ER ik 1! ?ggci@hﬁﬂgsh%ﬂ& aBEaE"i‘b@hQQQEE&leEbe 25

irregularities are el1mna Figdre 3A“shows surfaces profiles of a fine

surface structuregofedlrinithal &irﬁ&ﬁmtiﬁr&llr?rpgﬁiisﬁiﬁgmrﬁ@th%éé ags app
Figure 3Cin a final stage of polishing. As illustratéd in these draw ngs,

the 3 3 0uAing20HZch r hegill iyt | 8618t eoN el ndiafiiniiewy tnhiebeud eapvrad.ivand
consequently, it is a time-consum ng operation. The second problemrel ates
t o cost &ndpardicdesepralsenassitder apeeasionhd pobbibmag sol ution is usually
a slurry containing a fine silica powder in suspension, but to obtain a
uniformy flat sufhac€iokthipghbdeal iisy that,i duméogsshey inatsappbyagkeot
solution in a |iberal quantity to the polishing surface. However, nost of

t he sol uti orpodujsplingd i Fadsedal regdicashaprdedtle asuwaaeesobtrigiuNet hast
contributing nuch to 10 _the polishing process. Polishing solutions used for
hi gh preci sib&ieiggiensiiadd Yorregenedon bt oragdudildds depreRpeAsregdionki @kei s a
factor |eadi to a problemof high polishing cqst. Al so, becausg@such

pol i shing s& &€ HfN %gsluFP?rESgHFti&ﬁrESHgéFﬁglﬁsléFbé”HﬁaﬁTF cof 18
abrasiv arg.icl.es .15 such as silica particl.es, the naintenan f rkin
arvi rondbhe TSRty BT cBireateba || 2 Cam TRt Porenr Dt B
Supply syst giciRedbal 1a08:3Y SLCmAl LICLILUREY LS -88akayS1yA00ekhe 1R ©
solution nust also be treated extensively beftore discarding: So, after a

CVP process ; s2Qsidie Mingf %idhe sheehedptrasigaryarthe1rg! kehicAgnaal 4hi @Re but
the waste water fromthi's operation also nust be treated in a simlar

manner and pRIEsShdngeRvlueioRnt ab phakl agt Bni¢l @ser eadkelnpertiens2buto
sol ve the above described problens, it is therefore an object of the

present i nverdisiconhio depareisdedapoaitiadi ng phat suatfidca setrhodunsi aget héso
abradin? plate for preferentially renoving only the raised regions in a 4

3 0 AUGI?00Zemoved by such abrasive particles. Figure 2 illustrates

such problems of the conventional CMP, which shows

irreqularities caused by a raised portion and depressed

portion of surface film thickness structure on the vertical

axis and relative time on the horizontal axis. As indicated

20 in this graph, at a relative time of 1 to reach a stage of

surface removal, the raised regions are polished from a

height of about 27,000 angstroms to a height of 16,000

angstroms, but the depressed regions are also polished from

20,000 angstroms to 16,000 angstroms, at which point, the

25 irreqularities are eliminated. Figure 3A shows surfaces

profiles of a fine surface structure in an initial stage,

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

of polishing. As 1illustrated in these drawings, the



patterned sem conductor wafer having fine irregularities fabricate ¢% Eﬁﬁz
surface, and, when the irregularities are elimnated, the abrading ap

has a sel f-stopping function to stop proceedi ng of the polishing
automatically. Another object of the present invention is to provide a
pol i shing nethod and an apparatus using the abrading plate, which easily
enabl es to pol.i ktigpal to vg:gecertai nfq | hiﬁ%ﬂﬁﬁ§juni my
after heightggrgggﬁgg%ghgg e%%ﬁingﬁggobﬁlggﬁggﬁﬁng}xa0q¥% achi eve ihegﬁa

obj ect of theoesege@ht&wemi 98, a tPERE-ESnPiRYVAGeSbarasdi ng pl ate which
conprises abrasive particles having a chem cal purity of not |less than 90 %

(preferably higherrhfaredén¥ pribiemPardlftds Stée Risthaind ey i Faimntal m (
preferably less than O . 5 umm ; a binder 15 material; and a given vol une
of porosity, cehsigeRadibablo ghet p@ldkhasigvedarttiionl es anchdlle, M ndetrry
material is |:x, where x is not less than 0.5 by volune (the binder

mat eri al Jercénuaihing théiabrasilveappovietesni suspénsiss, timan €o Sobhain,
and proportions of abrasive particles, a binder material and 20 porosity
are, respectavehyfonnilyl €3stt hanfdfe% f nbighogeat htin, 60t %4 antedds 49r 9o by
vol ume. According to the present invention, the abrading plate thus
produced hasSHRPOP! ithiez P laBrisasi i1 on dibpipli auastifynd® el pot&sShindby
vol une, so that raised regions of the 25 polishing surface

e IS,
pref erenti al FYrfafsved iPWEHEEneMObf e EhPfBREUBRANdEPPRLSRY +BghoRY2hke
not renoved. -Therefore, after the raised reqgions are flattened and the

surface has HEEGRBTAEFeRS ComtdstFed PALTIOH Q4T ANV T PEHANER 5
3 0 AUG 2002_.the fiJl.m.t.hickness of th urface structure. Stoppi oy .
removal Fot o tPEGRTY MY aBRORTRY autsHaeraad oo Wt ods  Ep@y ¥t Chion
sel f - StOPPI NgrERRABLL! k¥ 1bh ihB® 2OTAN MR RAIAY el ded M fXCEReRE VDY

bi nder materfal is insafficient, abrasive particles are easily

sel f - gener at gd ;i thel @asgd)fact@rt hBda BIHAMEHY Lot SLER BYeTh idfH e%o@iéﬁiﬁl;
surface has been produced, and the selT-stopping function cannot operate.
| f the ambuntoet.abrassue pAddudleessushi palfiEhdngntsalytivmden rmt eLuskyi s
i n excess, abrasive 10 particles are difficult to be self-generated

(rel eased) amrdnpgdakishi npotatins sar dduged qoantity polfi dhres ioapapatyicies
decreased. Simlar tendency is applied to porosity, and it is preferred to
have 10-130 %8R vasums idriceor @anteicdiashl y tIB: 30Na4 LRI GRe @0 VOEKLAG
sel f-stopping capability to 15 the abrading plate. In other words, tog nuch

0
porosity nak&8VERENERERLdiLTg aPtatt® thso FeihiIHE pr ohdd bsigenSPRERBANELON
rel eased particle ile too.littl orosj ty nmakes the abradin | ate_too
hard to pl!osc85r 582-“ PP SRRt i ﬁ"% ﬁnéié LAMA9S YT 2%%@%}? %igﬁﬁe
the particl egsarﬁefg&fs ?Oahﬁa“t@?1 %a%‘t'e” SbFEe 1 GRARGET 0£1§8r%feChFPQa{:E§
waf er are reduced, but 1t Is preferable to use particles size of [ess than

0.5 ,um In gerendlivel9 ibetor® HildrRilmLr eaaedohy afdeirnG acimr geosEsBer
of released abrasive particles in the sliding 25 interface. Wen there are

| esser nggrbekhef whifeed aldeasiashdirtdd Gtamveothehpobisiaieg i Solediced, band
waf er processing ability, nanely throughput is reduced. Accordingly, when
t he surface thet wasseriwatredtudimom dedisc eogeatateioredavead emus$c be treated in

a similar manner and poses an environmental problem.

Disclosure of Invention

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

preferentially removing only the raised regions in a



3 0 AUG 2002 having raised and depressed regions is polished by th 6 7000
abrading plate, a high surface pressure is applied to the raised rgg}éH gm
the wafer by the abrading surface of the abrading plate, thus the raised
portion bite and shave the abrading surface of the abrading plate to

rel ease the abrasive particles through initial stage to final stage of the
pol i shi ng. éaf.ﬁé%ﬁeaun?&ﬁié’én EOSE VDAL | GRS nQf erigkea Pﬁegﬁ‘PaP]iE’QélQed
during the polishing stage, thus polishing proceeds at relatively [arge
polishing rahgrb¥atlqar sheased sfirasieVe 1! iléas tHdeiefdg@at e ide dipal
stage of polishing when the surface has becone |evel, the wafer has little
rai sed regi ensmighte@nN the WBrAQing Rllaed My tdesabf aghdigp M At euset L oat

| esser nunber of released particles are produced fromthe abrading plate.
In the polisgbi Bgoplprstidinggi sfethacgoshshisgi dstdmeaidorieonstantly, the
residual rel eased abrasive particles are lost fromthe sliding interface.
Thus, the anount Bhotherr ebgasedodbras parazamt dmesentemm ningtonprbeide
sliding interface beconmes extrenely small, and polishing action stops 20
eventual | y ahppébyhiogpmethde andeki-sppppatgs f uning orhecdurading gslate,
extrenme decrease of polishing rate. In the abrading plate, proportions of
abrasi ve pavhiichessasily néaabdessertal pddsdor edidiyiohadily He 10280V a
(preferably 20-50 %, 30-60 % (preferably 35-55 %, and 25 10-40 % .

(pr ef er abl ycestadnofidy Fhighknesse dpddaridlyy aftedif it A5Eierarepping
capability ai.descrigeg aboie. [t is preferable that an abrading plate is
conpri sed b§liBrRaree B¥r PPLLER1RYvi ng a chemical purity of not less 7 3

0 AUG 2002 th 90 .~ . ef ly hi.gh t 94 9. d. 1t 1.s. f

hat t ntl abr ai ngtBl APS BESCaNg: I2hachy g s R iabeidl 7 EhEFe D
d it 40g! Vo t | ng 1l b : V€ 1

part ol os. 121 Ban’ bao8naT neiP ALty "R eBEST |FoRPETadReroEr e

contam nati pgrdgxhes W?afveirn? (patchemied Wil sdy & MRodi dsis PEgaANtRA §or
pol i shing a sem conductor device wafer, having fine surface structure

fabricated gprarpehbshi nEdner acRan USUNG RNanklr adipgrpleie. sThe et hade 10

i ncludes the conditioning steps of: dressing an abrading surface of the
abr adi ng pl mbeeschen t 2 pr oducereferalghienddsst rhetnur@. on 44 e ; aly adiinder
surface; renoving rel eased particles attaching to said roughened structure;
and pol 15hi mgtendapel pafi Aggduenavelwnencs porRaFitvnedhabeddi agratipl afe
havi ng a stabilized polishing rate generate L ng. steps,

Accor di ng tBh?hébﬁéFEBS,PPHEl€ﬁ3FaEP€rF§?iEngéFbggtégggﬂgl§e}fxstBBﬁFﬁg
et on o108, BEE sl 18 P St S RO L e
unit of the abrasive particles is not less than 0.5 unit),
and proportions of abrasive particles, a binder material and
20 porosity are, respectively, not less than 10 %, not more
than 60 % and 10~40 % by volume.

According to the present invention, the abrading plate
thus produced has an optimized composition of particles,
binder and porosity by volume, so that raised regions of the

25 polishing surface is preferentially removed from the object
surface and depressed regions are not removed. Therefore,
after the raised regions are flattened and the surface has

become level, continued polishing will not proceed to change



20 Al so, the present nethod of polishing of sem conductor device magﬁr 2
havi ng fine structures fabricated on the surface includes a feature Hﬂp QR
abradi ng surface of an abrading plate is dressed to produce m cro-rough
surface, and rel eased abrasive particles attached to the abradi ng 25
surface are renoved before pressing onto a surface of an object to be

pol i shed, t h L0g . sur e-h a abi | ¢ disti on
Fo pol i sh 3751 anedl aF ke o e e e B PR Rg ok

suf fi ci ent lyrd QW18 radeO AUGAAR POLi SV CanTBhat PERELFUT i is

effective in generating the self-stopping capability. Al so, he pr esent

met hod of pQlinsl NG, of seeRLEEHPNCAQT dapheelIByer havifng thee abirdstiyees
fabricated on the surface includes a feature that the additional surface

removal is Reffieneed Witd annablea@ids@ pl@t € Yieng bd ddequi dnaioér LHONt aiigi Ng
any abrasive particles for a specific duration, foll owed by additional
pol i shi fg usisuE fdcdlewrtr,y Hordsive ngaablateve apar tead £by t eelllfe genefracedt o be
polished. 10 A specific duration is a duration sufficient for the surface
to be | evel(ektllmaseenpvisy thethiegiraatichd ovestpioises Aeeendiafgero & hilevet hod
it enables to use the same abrading plate to obtain additional surface
renoval by sugifiagea Bdsir bgesornpreidiarfa hadgdéhemiet foItord begedualbitdonve
particles. 15 Because this polishing is carried out using a slurry

cont ai ni ng CRNNGtgeopeBARe - of Abr ddlveaparptcidls, abgpfare rRAVEFL%N 16e
achieved in a relatively short time to obtain a desired filmthickness.

Al so, the preIGRicH@Yodosr gotides ndaderddri cofdut? ot *FSFevi CETREAER

havi i tr.uct f i t t i f eat t hat
the. addDt | SeHtiEiataire AR e tBF BHL Tt BRtaRr Tathbepd ool o
e e ot ! Lol as i T tion

ol oned by AN aF 25Y) Y "2 UBCRAT {14 Ehaidr pd IPREHS| CAHSEP TS i ng

produced f rQUBCRGH . e i BSS| fhddnd e abige 1ol Ptat SordBisyehhad it
enabl es to use the sane abrading plate so that the rel eased abrasive

particles, ikeipge psoeigetobhasar ryi~ oyt bgr ediuig concusrenpreferably 3
0 AUG 2002 the polishing by abrading plate, are used to obtain quick
renoval of Isa0sukf bge vadiuend ato yheeelhe asiigptidpping capability to
15 the abrading plate. In other words, too much porosity makes
the abrading plate too soft and promotes generation of
released particles while too 1little porosity makes the
abrading plate too hard to discourage self-generation of
freed particles (released). Because the particles are less
20 than 2 4m in size, chances of scratching the wafer are
reduced, but it is preferable to use particles size of less
than 0.5 4Um.
In general, polishing rate is increased by having a
large number of released abrasive particles in the sliding
25 interface. When there are lesser number of freed abrasive
particles, polishing rate is reduced, and wafer processing

ability, namely throughput is reduced. Accordingly, when

the surface of the semiconductor device patterned wafer



polishing rate. Therefore, it is not necessary to have additional fachld fom
such as the polishing solution supply device so that a regular facility
based on the abrading plate can be used to perform additional surface
removal . Al so, the present nethod of polishing of sem conductor device

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

that additifalng ermaialed S 2HQ PRELLEBGA S AL Aadbpgsphate ANd dhe

| iquid not contalning any abrasiv partlcl a spe

fol l oned byywweghidpnghapal i ship %Nsbﬂgf&eob'r%gbﬂQeC|ﬁ haﬁ;?ﬁJ.@dSltBr rt)he
cont ai ni ng abrasive particles. I's method enables to use the existing

facility torgBddy eugisfdicl o GaféACBylR Ny d bppesdupRagoNventinal
slurry and polishing cloth. Brief EEscrlpt|on of Drawings Figure 1 is a

schemati c qm%tpp@aé , Vie@Wsoftha e | mhed gl b shée ngnapRakatUshe?0
Figure 2 is a graph of polishing characteristics of the apparatus shown in

Figure 5. RigtadEnBA-SMEfaee i Idfustthat | abgadfinghepsatéaceo stefequeodutrd by
t he apparatus having the polishing characteristics shown in Figure 2. 25
Fi gures 4A abiasiee spachitles dithgragh dhithielesgmyged ato pditsloktage of
enbodi ment of the turntable type polishing apparatus of present invention,
and shows atip? aROViLEWiNng-Fi ghr darmer @mbeer 64s dueas bl PRrbWCLASFiags e

4B. 10 3 0 AUG 2002 ) .
released and produced during the polishing stage, thus

polishing proceeds at relatively large polishing rate by

10 released abrasive particles. Therefore, in the final stage
of polishing when the surface has become level, the wafer
has little raised regions left on the wafer to bite into the
abrading plate so that lesser number of released particles
are produced from the abrading plate. In the polishing,

15 sliding interface shifts 1its location constantly, the
residual released abrasive particles are 1lost from the
sliding interface. Thus, the amount of +the released
abrasive particles remaining on the sliding interface
becomes extremely small, and polishing action stops

20 eventually thereby to provide a self-stopping function
occurring as a extreme decrease of polishing rate.

In the abrading plate, proportions of abrasive
particles, a binder material and porosity should be 10-60 %
(preferably 20~50 %), 30~60 % (preferably 35~55 %), and

25 10~40 % (preferably 15~30 %) by volume, respectively, to
achieve a self-stopping capability as described above.

It is preferable that an abrading plate 1is comprised

by abrasive particles having a chemical purity of not less



Figure 5 is a cross sectional view of a scroll type polishing apparatus of
present invention. Figures 6A 6B are schematic diagrams of the esggnAl@ion
parts of an enbodinent of the scroll type polishing apparatus shown in
Figure 5, respectively, and Figure 6A shows a plan view of a scroll

mechani sm and 6B shows a cross sectional view along a plane A-A i n Fi gure

6A. Fi guretgagll @ Sehemtd fath‘&St g.quh%r} of. ahyr acy4ngéﬁl at e Abrigs

particles a pol 1 shi ng surface, gure 10 7B is |IIustrat|on of the

rel ati onshhpefdrdiee Pehashi fige p%@,raa%@ﬁ yEabar tiel @%m@@t_is@dp%ysmd&
surface of  a substrate. Figures 8A, 8B are illustrations to show the

effects Ofﬁ)mifidl-‘é§ S 28 et i tediRSS aids gorgtiitgn, e didnA BA thke shows
a case of large sized particles and Figure 8B shows a case of snall sized

particl es.abtgirey plsta mhadeawiyalsughapibrefs iaky ash rgi Pled etpat acaherse

i nvol vi ng abrasive particles, binder and porosity (volunme ratio) to

i ndi catie aobemimed Bead iparabkl epsedent 20iopl endanpelf efmwedmimating

sel f-stopping. Figure 10 is a graph to show the polishing characteristics
of an abr adénirelvefersavipgtsekhedt wppeng) capability. Figures 11A-11C are
illustrations of progressive 25 changes of irregularities during polishing
according to the pBetkedngscharesentedt fes afo lamadinhgaplsamlashsiueiar
Figure 10. 11 3 0 au~ io002 Figure 12 is a graph to show the polishing
char act er i 487 £%e 072 £8¢ abRaGi g glr%l? eSREYRFY ﬁb’rB@FPI@t SpprAgacspalin idy.

Figures 1 are illustrations to_show surface Ievatlons obta| ed. by
t he abradlﬁ’%ll’pﬁ ¥ sAYRARFR’ Fi YirE 182 R V\‘@E?%l&gf |E§Laé:eg'r aph™ g fxr}f? ¥hanges

in the(PO|l§%Huéks the conditioning steps o©f: dressing an abrading
surface of the abrading plate so as to produce a roughened
structure on the abrading surface; removing released
particles attaching to said roughened structure; and
polishing the polishing surface with a conditioned abrading

15 plate having a stabilized polishing rate generated by the
foregoing steps. According to the method, the
characteristic feature of the self-stopping function of the
present abrading plate can be fully effective to be utilized
in polishing the semiconductor device wafer.

20 Also, the present method of polishing of semiconductor
device wafer having fine structures fabricated on the
surface includes a feature that an abrading surface of an
abrading plate is dressed to produce micro-rough surface,
and released abrasive particles attached to the abrading

25 surface are removed before pressing onto a surface of an
object to be polished, so that the abrading surface has
reached a stabilized condition to polish a blanket wafer (a

wafer covered by an overall film) at a sufficiently low



rate of the abrading plate after dressing (roughening) of the abrad'Bg

pl ate surface. Figures 15A, 15B are schematic illustrations of the 3 AUG 2002
dressed abradi ng surface, and Figure 15A shows a case of a |arge nunber of
residual particles, and Figure 15B shows a case of a negligible nunber of
residual particles. Figures 16A-16C are conparisons of various abrading
plates: Figure 16A is with self-stopping; Figures 16B , 16C 15 are w t hout
sel f - st oppi nopli$eingg aphseon tTHeld eftocedunm s$howfifestdivel cims geneoat shgng
rate, with polishing tine on x-axis and polishing rate on y-axes; the
graphs in t hehen slell E-stoppinansipalhkitn. fil mthi ckness, with polishing
time on x-axis and filmthickness on y-axis; and the graphs 20 on the right
col urm show conpardAk®hy othe rpxesent Methed ¢HsROY P iRg ayesSIripNdaRtong of
a bl anket wafer (BL) and a device wafer. Figures 17A-17D are illustrations
of the stepsi®viCe enb¥fdy rAVHRGI PhRei cPEEUCHILRST o AFN KFROWRI a PR ushhes

nmet hod; FEigure 17B shows a roll brush nethod; Figure 17C shows a water |et
met hod; &nd FHGLAE® 17GHARS af uIfSsds ctgéf‘:hoggelzagg CH5ONR5 Zﬁ%gaCé

Figures 18A, 18B are.diagranms tq il luystrate the.nethod, of palishin .in.%he
first enbodi’f%ﬁ‘?v%; b?e?gﬁgoirﬁ\‘?gnﬂ%%‘. i garEadyny sPAR"FI MGdt¥at? oh' 8t 1 he
changes in fylmt bﬁ%%ﬁag“rbgg AR S&)%%ﬁ:i@ile'ssmf& and ths.segppd S
stage polishing. Frgures A, B are iflustrations of a method

contr 0 406t )| BE5K0Es. ADIuRLGUE8Z0N 10 b ubesg 0B 50k o0

containing abrasive particles to the surface to be polished.
10 A specific duration is a duration sufficient for the surface
to be leveled by removing the high and low spots. According
to this method, it enables to use the same abrading plate to
obtain additional surface removal by wusing a slurry
containing a large amount of released abrasive particles.
15 Because this ©polishing 1is carried out wusing a slurry
containing a large amount of abrasive particles, surface
removal can be achieved in a relatively short time to obtain

a desired film thickness.
Also, the present method of polishing of semiconductor
20 device wafer having fine structures fabricated on the
surface includes a feature that the additional surface
removal is performed using an abrading plate and a 1liquid
not containing any abrasive particles for a specific
duration, followed by additional polishing using released
25 abrasive particles being produced from concurrent dressing
of the abrading plate. This method enables to use the same

abrading plate so that the released abrasive particles,

being produced by carrying out dressing concurrently with



Figure 21 is a schematic diagramof a switching 10 nechanism for changin
froma liquid Wcontaining no abrasive particles to a slurry Q cont%ﬂrﬁ“ﬁgﬂﬂl
abrasive particles. Figure 22 is a flowhart of the swi tching process for
changing froma liquid Wto a slurry Q 15 Figure 23 illustrates a nethod
of polishing in a second enbodinent. Figure 24 is a schematic di agram of a
swi tchi ng nmechani smfor dressing operations. Figure 25 is a flowhart of

t he switchi nheprpocksshimg B tdteradriessi plptoper ateons.edrigur ebtahA, ga6Bkar e
illustrations of a nmethod of polishing in a third enbodinent. Figure 27 is
a plan vi ewrsimcaralexanpl etlvé t der pate shinagenppdr at tbesabyablreifdangt hehe

nmet hods presented above. 25 Figure 28 is a perspective view of anot her
exanpl e of tped isdliinghi natappar Ahesesareablid f 66 that noEkeds apyesent dave
above. 13 3 0 AUG 2002 Figure 29 is an enlarged plan view of the
essential padditdonade Epphtibtyis sskbwas nthpgurcd 1B ing geebuBOoR s sAPPILAN
view of the overall structure of an exanple_of the polishing apparatus

appl i cabbe t9EVPCEeh? itTAdnt RorcePekir MaE1LdtYCRasRthgodut thde arpddiidon
In the follow ng, preferred enbodiments wi |l he presented with reference to
the dr awi ng@late EAuBE MSSoli® BETOERPESSE10RE LpsRRERFRg TaBRALL s of
the present inventi.on. The apparatus rises. .a turntahl e 5 .having. an
2bradi ng pl ate. 1520FCubale BB BT DRERER PF Sedad Tara o SHERG LSO
Lhereon; & ARzl 10/l SURRIADNI MBI <R @R BELT Ve a30lidalan Wol ¢ gl
abrasive 15 particles during polishing. &er conponents ‘such as top ring 1
for hol ding & MafR 4rRNIGddE SAMEATIHROSRHAR t REdGRNeRNI ORaincdRRAr akus

shown in Figure 1. The reason for supplying a polishing solution Wsuch as
:"ﬁ% g;fgggan ptforthet0l Uid iy | SahO BBRYHMAg! URNiatat | (hdit 4 he1shudlang not
containing any abrasive particles for a specific duration,
followed by additional polishing using a polishing cloth and
a slurry containing abrasive particles. This method enables

to use the existing facility to carry out additional surface

15 removal based on conventional slurry and polishing cloth.

Brief Description of Drawings

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

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

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

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

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

10



20 to pronote chem cal reactions at the sliding interface, and to:%gmgggmz
heat generated by polishing for cooling. Water or active solution

i ncludes acid solutions with pH down to about 1, al kaline solutions with pH
up to about 12, buffer solutions, surface activators, oxidizing solutions,
reduci ng 25 solution, ultrapure water, and electrolytic ionized water and
the like. As an exanple, the flowrate of water may be 200 m/mn. Water
may be ul tra-purefFiguee So iss & ocerebudedtmomalt iweew Vafera Serlah bppect

of polishing is pressed 14 3 0 A U G 2002 agai nst the abradi ng surface of
t he abradingObLEEQHQSaPhﬁéﬁgﬁSaﬁfeP§S$¢%tn%%v?n%+%%ed inthe top ring 1,

and rotated by the drive shaft 8. The turntable 5 with npunted abradlng
plate 15 is al so Fb9a¥es PhdePBnatht FGICBABLE nSLABF ABF ngt sERFaBESERELA

br adi | 15 f | i di i f ith th f f th f 4
on whi Ch poPREREngORct Pon EAIRd BISRte 17k et t REST1 Rl gt B BPLLSPAGY
f Th | L shi cat ys. sh in Fi 4 br_adi t
et oo b | APROPPERFng RABL n*OSULGHFA nd 10 SOt APl At s BE
|'i shi t Li shi n ' ! j I
Cotain ot | SRCRRaenPrPB, PPRi 8k Lo AEaPE, RREnIALEN 2T ERCEMO R BREstG. .

scrol | 1YPesQhy GURa1YPEA! DELAENAN, LURL ADh O3 VPEqu e RCr Ol | T yPe

polishing i s base dr ng wafer in a ol di ng device and an

abrading plate bopded,£o By base di skenapstibe {MLRAASIAT €o¥l | HbkAdang
circular and translational notion relative to each other. The cup type

pol i shing ip1hasedadrasigeppaianed «pl alrl QoligHingy shapest¢) aded heliguike a
pl at e- hol di ng device and the wafer is firmy 20 attached to the base disc.
The pol iGhi ng dsr faceiblustrabiect of s theeyedd tagaishsip tdfe wlibve agohdgsbinface
of the plate and scrolled to produce a polishing action. In these types of
appar at usespallso, abraggvpospabkécilesusand sal f pelopping fanctaen toefstap

polishing automatically when the 25 irregularities are elimnated. Figures
5 and 6A, 6BubFtudteate a circular and translational notion mechani smof a

sorol ! (¥pe Pl LSILIg ABORAtUS: GLodn Lo SLLEULal el e e tenraguce

translationg% particle size on the stress distribution, and Figure 8A

15 shows a case of large sized particles and Figure 8B shows a
case of small sized particles.

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

20 optimum performance for self-stopping.

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

Figures 11A~11C are illustrations of progressive

25 changes of irregularities during polishing according to the

polishing characteristics of abrading plate shown in Figure

10.

11



notion with circular or the Iike novenent w thout changing the relative
orientation. In such a design, the abrading plate needs to be only 39 A0y
| arger than the substrate to be polished. Therefore, it is possible to
produce abrading plate of highly flat surface easily, and the drive notor
can be small, and the apparatus can also be nmade snall er and conpact so as
to save the floor space. The apparatus is conprised of a translational
tabl e section 31 tRiqumevi dé210 ia r cal argraph t raas| aticonal thet i ol isaiding t op
ring 32 for holding a wafer 4 with its polishing surface facing dowward to
press the pothatagieristiare aharedbradingtphdte daaidingos wdldes tofpping
plate. The translational table 31 is supported at three or 15 nore
peri pheral |9¥RaRPBHsty a support plate 35, extending inside in a
ring-shape, provided with a _support section 36 at .the top of a casing 34
housi ng a notor 3F iHisfe tldAsdpgfor Brg fLkeySHF3K1IRTS THe tHP%u S
t he suppart section 36 gnd the hottqom surface of .the fixed disk .37 are_20

L M@ bagd Tehe

E'r?\éi (rjrfgr\é\jntﬁaelc\ﬁiﬁ ectio housi ng_re cti lfgbe rin S&%’F‘t lfvgglggrr!eg 40

ircu i i rection, housi | i ngs 40, .41. i.ngs. 40,

41 are connect ed g;lg&lrceonr&n‘lecﬁ ny gﬁﬁ%@rpgﬂf&ﬂgsgggﬂggtss lEZ,t%& paoﬁlelsrll%g
ted b i e h Ln _FEi wh

Cnberreq i mitiheoFadi,  fozadfag! BIRCLT ekl Cabes SR, TRORELRRMEABNC 0,

circular and.jidanstati 1 iQalng a circle of radius "e". 16 3 0 A
U G 2002 The félxed aglciisr%]%%gsgrot ated by the notor 33 whose shaft 45 has an

of fset drive pin 46 v 15a) NS eflré Nsanemnictiy 48] TY1QUOE chheaki Rthet 7.
The offset anmbunt is the same as the distance "e". The nmotor 33 is housed
in the Jonotdtesdedibebrd49indg tbhefeas) ngnd4 rigndet hsshaidw#5a i saseppar ted
by top and bottom bearings 50, 51, and is provided with bal ancers 52a, 52b
to counter blmxgeEenthieenfbfetresidaalli padttdicdles37 drab Bigqude uiSBhisbbwiss a
slightly larger than the wafer 4 by the offset anmount "e", and 10 incl udes
two bonded diadte rehternedBigiyle Tk afi Flesmsivisdr Parddmlesspace 55

bet ween the disks for flowing water or solution to be supplied tqQ the

pol i shi ng interfaé&g“ﬁﬁ§sbé gl&g &ﬁﬁnﬁ?@ﬁ?éésﬂPFhQﬂmﬂ'E}EF?oﬁQﬁﬁﬂﬂﬂﬂ
ol ural ity ofb{ 1 o BEHErs 18, 1nd 1 ket bl ok- 6 TaE aniERFAR AG% A 5o
Doned, U8 134 SR BASLRC el U o8 Gosteg O Logecitad g

di scharge haesy 5¢rar8ifiEnf0iRRIHM idhshly BH&d ey Ypolishing time on

x-axis and polishing rate on y-axes; the graphs in the

middle show transitions in film thickness, with polishing

time on x-axis and film thickness on y-axis; and the graphs

20 on the right column show comparison of initial (D1) and last

(D2) stages of polishing of a blanket wafer (BL) and a

device wafer.

Figures 17A~17D are illustrations of the steps for

removing residual particles: Figure 17A shows a brush

25 method; Fiqgure 17B shows a roll brush method; Figure 17C

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

method.
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20 across the fixed disk 37 and abrading plate 59. The top ring 32 %ﬁ%XQ€3W2
as a pressing tool for the wafer 4, and is attached to the shaft 60°%s

to permt tilting with respect to the polishing surface of the wafer 4. Top
ring 32 is operated by an air cylinder (not shown), and 25 is rotated by
the drive notor via the shaft 60. The wafer 4 is attached to the base

hol ding section 61 of the top ring 32 wwth the elastic mat 62 i ntervening
bet ween the two 1FiguleB8 ASH,Gl2B02rsudfiiageamsThe dddungradd4echaseamedhoti on
recovery trough 63 attached to its outer surface at the top. The process of
pol i shing usiftngotliehpmlgi shi rdpeudiirsw keinbbdimeptapfiedrbetow. ifthentobor 33 is
rotated to operate the fixed disk 37, and the wafer 4 attached to the top
ring 32 is pressedigyrehel hbiadiang suifsdd@tgion hef abhgdigipnges el B9 fidaded
to the fixed disk 37. Polishing liquid is supplied to the polishing

i nterface tRkhdGineste duping §89plfylrl‘$6l estye spaééshbangn@ng sehar §ecwddes
57, 58, and is delivered to the 10 polishing interface through the grooves
fabricated 6%29Fe POdafdd®dof abrading plate 59. Here, a circul ar and

transl ational notign of a radius "e" is generated between the surfaces of

t he abrading pl at & 189&8d ?ﬁ%'wazfg@r Argo LIS IAGTRRL BEi fBr rﬂeﬂﬁ}‘?ihi"ﬁg do

he 15 enti f f_the_wafer 4 In thi - wh i L f
the obj et SRECHBRANND BIF f Aot i FiEa= | I BiPReFeAdhs FRCYhe THalELY e

o P oh” R R iy #ek 08 SRl BUEhpechagpd Lanesand sueh
Figure 21 1is a schematic diagram of a switching
10 mechanism for changing from a 1liguid W containing no
abrasive particles to a slurry Q containing abrasive
particles.
Figure 22 is a flowchart of the switching process for
changing from a liquid W to a slurry Q.
15 Figure 23 illustrates a method of polishing in a
second embodiment.
Figure 24 1is a schematic diagram of a switching
mechanism for dressing operations.
Figure 25 is a flowchart of the switching process for
20 the dressing operations.
Figures 26A, 26B are 1illustrations of a method of
polishing in a third embodiment.
Figure 27 is a plan view of an example of the
polishing apparatus suitable for the methods presented above.
25 Figure 28 is a perspective view of another example of

the polishing apparatus suitable for the methods presented

above.
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20 polishing is not performed in the sane spot. The abrading plate used in
t he apparatus has a sel fstopping capability, which stops polishing3( AU6 2002
automatically when the irregularities are elimnated fromthe polishing
surface. Abrasive particles may be an ultra-fine powder of 25 cerium oxide
(CeQz), and the binder is a polyneric resin such as polyimde or phenolic.
Abrasi ve particles may include Sio2, A1203, Zro2, WM02 and WMh203, in
addition to Ce02. FBiqudey s29mysi nel udel otded pBan Fi@wWwAET 2062 poaigummrial
resins such as urethane, epoxy, polyvinyl alcohol resins, in addition to
pol yi m de orpgtendf rgs reppditetice stowtetier Miged eby st.he nature of the fil ns
formed on the sem conductor wafer, and conpatibility of the abrasive
particles with theigumer30 Abs adi pd apl atievhast ather pvhrghlhatdnessire of
(extrenely high elastic coefficient), and therefore, the size of the
abrasi ve paran c¢®xanpiie eef | yhaf pedishing ervanatsf epeldgpbace t@armpsent
conpared with nornal CMP using a polishing 10 pad. For exanple, as shown in
Figure 7B, ngr¥RNti 4 shingpad 20 is soft conpared with an abrading plate
21 so that a vertical load will force the abrasive particles 22 into the
wafer 23 while the pad 20 itself touches the wafer 23. In other words, the
pressing force is djstributed over the pad 15 so.that the stress do not
become conce‘?ﬁsrtatb@ii%rg‘?%é:aarﬂ?ydﬂ%é)u&ar ecIIé’é’eé’%.lolnn contrast, in the case
of abrading plate 21, sh in. Figure 7A _the abradin te 21.is

f% He gg%%%wb%gso Pﬁ%féFfegengmggd Hggkg w1&l be

consi derably harder than th S no ouch™the

waf er, and %%ﬁe%émﬁéﬁ%ﬂm drd Ay i2@sl.0aded on the abrasive

particles 2Z. r word, e stress applied on each abrasive particles

22 is hijgher than gihaird ng t BRoGYP aBr 6T 1 aNsE Nahdr pbly shilegs Waa damage
can be nore severe. Arenedial step is to increase the nunber of abrasive

25 particl eo22 3 t patesemeh dbfasicienpartiThes dFpasatppl iethpyidededuced
stress. For exanple, if the particle size is reduced by 1/4 to 0.5 ,1.t m
from 2.0 ,u tgriteblrinberhatipar tancl ebrédihgnplaty véh aykaaboateades dny a
16 fold, as 19 3 0 AUG 2002
diameter in stead of a polishing cloth thereon; a nozzle 10
for supplying water or an active solution W without abrasive

15 particles during polishing. Other components such as top
ring 1 for holding a wafer 4 are the same as those in the
conventional apparatus shown in Figure 1. The reason for
supplying a polishing solution W such as water or an active
solution is to provide lubrication at the sliding interface,

20 to promote chemical reactions at the sliding interface, and
to remove heat generated by polishing for cooling. Water or
active solution W includes acid solutions with pH down to
about 1, alkaline solutions with pH up to about 12, buffer
solutions, surface activators, oxidizing solutions, reducing

25 solution, wultrapure water, and electrolytic 1ionized water
and the like. As an example, the flow rate of water may be

200 ml/min. Water may be ultra-pure water so as to exclude

impurities. Wafer 4 as an object of polishing is pressed

14



shown in Figures 8A, 8B, and a sinple estimate is a reduction in stress of
1/ 16 on each abrasive particles 22. It is therefore desirable to reglQcAGt206
size of the abrasive particles. The effect of fine particle size on
reducing the 5 surface damage is nore inportant than in the case of norma
CMP. From such a viewpoint, it is desirable that the size of the abrasive
particles be less than 2.0 ,u mand nore preferably less than 0.5 (um The
abr adi ng pl ageinstusétiei nabdadihe céeafaoemesd thed hatbdadiing | plartieant 5not
to include inpurities therein. Inpurities (especially netallic substances)
adver sel y atheoughheaperflastrncenat enptacedctior tbei demxe kethgl ontedt in
polishing slurry has particularly severe effects on the device quality,
wher eas net gbtakededyi thehedmibreasihaf t1 3B parthel ternegbhesbd diisbomeenitrdaci d
or alkaline solution to produce ions. Mtallic substances in ionic states
in the slur@Pradingi dlaed &idf fiSeailaeo FHsAfed | Agdsperdeskilie) andf 48e
filmand reduces ,insulating qualities of the film Also, residual netallic
cont ami nat i 8Fr8HlBFJea?‘rE'cf%g€f ePE &80 T IHIY ppodtentd FQAFet feyddad

af fect the next proce nd.cont ami nate the cl eanrogm Therefore, .it .
desirabl e tHQ?eFﬁécﬁe%iF%cgﬁFeﬁP§?%ﬁetﬂg ﬁgﬁagﬁggrpgrPPCWE&C%HBP&FEB&bEer

than the mai_n_ _parti constituent) be _kept.,as.low. a gssible. Fo

exanpl e, in® ﬁé%gagék%F 8@85? ﬁgwpﬁPiFéeigliélﬂgrﬁﬁﬁlgrﬁagénghiﬂrgﬁcg?'but
there are no case h di u br asi vg. icle f higher
than 90 purity. F?PES| ???%@95 iC égéﬁﬁgﬁdﬁﬁgr no?ﬁalﬁtiggéné{aﬁﬁgﬁogg

| npurities, 5h2ad8naPhEats: iHska@NtSENd g618sh g AQch ~u9eéU71rF°§%e0f

60 ppm they can rémain even after washing on the Surface of sem conductor
waf er. Yhencbheeheieaatientapgartdtid.ed t 0pless ghanmmeyesgbaPPbus NOKBR
washing is sufficient to renove the contam nation. Therefore, by using
abrasive 5 paltishlieg hha ngbfece ubangoGdHeé patsrddiddgr efiaxeablto holgheint han
94 ~), contam nation by nmetallic inpurities can be avoi ded. Additionally,
Na has a pafflatuland ymadverseiafifsdot ©mnt hésdeiseupedf oamgncsuciy tiraest he
Na concentration in the abrasive particles should be kept below 100 ppm 10
Rel ati onshi pPEétfieeR ERECILzEYER aBr 84PvEYPar PERpEStERORYrAREiAet¥RGerity

of scratches was ipvesti d experinentally. The abrgdin | ates are
fabricated by usi ng®ab?&s? ﬁé’rﬂ% cP8 lﬁﬁlﬁéozl%a\?iaﬁﬁ av%'?a&é’ 9 clrée
sizes of-1 cg.m.a . . binde i;m.de_bipder is '
used . %% Tﬁg§ggr§8iﬁgQ%F%Fggéépgnbag%yggFe8HgyEgrgggggéggrgRgﬁgp%ﬁaéﬁgthod

with heat trgahmeike HRGK el TheNeWS EQ@Est HeeSgYeni ¥ gf c‘i'%??%%rlf atB mber

of scratches ) caused by 0 . 4 ,c.~ mabrasive particlées was 0 at

caused by ltZanglatfoabliashorsidiar bbchesve Pebi dHdH) Benépl mamee was abegut
the 20 sane for both sizes, thus indicating that finer abrasive particles

size i s prebpeidldhdngl tis sbasedi dar ed tiptsipppéedhphgties qrerd orind-phapedi | y
by the action of abrasive particles fixed in the abrading plate against the
rai sed regi phatef hefd vaf er plasenbblldingbgegicehandcthenweferhasf faemly
abrasive particles released fromthe plate in the sliding interface. In the

pol i shi 4§ nBthaGhed P abhgdi PRSI 8LEC - becEh8e RIS B AYLHREEe 95 an

conpar ati vel y .harder than the conventiqnal poljshing-cloth 21
P o%ject %s pressed against é%e a raéfhg urface of the plate

and scrolled to produce a polishing action. 1In these types
of apparatuses also, it is possible to use a self-stopping
function to stop polishing automatically when  the

25 irreqularities are eliminated.
Figures 5 and 6A, 6B illustrate a circular and
translational motion mechanism of a scroll type polishing

apparatus. Circular (or circulative) and translational

15



3 0 AUG 2002 (polishing-pad), the abrading surface of the plate will touch
only the raised regions of the wafer at a conparatively higher Strﬁfﬁ’

t hus, high surface pressure applies to the raised regions. The res éUﬁg%Z
t hat detachnment of abrasive particles occurs by the action of the raised
regions of the wafer shaving the abrading surface of the abrading plate.
The particles released fromthe nmatrix of the abrading plate will further

i nduce pol i mbtingnaatdaors obhéte tpol i shifareur batg. prrelucehet ramegat aonél es
are 10 elim nated, the nunber of released particles will becone |ess, and
because t hemgtidnngiitht erifraed.ars ahi £hénd igkompvsnentt vel thetvitonshahgihg t op
ring and the turntable, there will be |ess residual abrasive particles
remai ni ng i Aheh@edlatdivieg emtentfadceon Pol iIehiTwFlr ad edes 10Rus thedualetadhby sel f
15 stopping function of the abrading_plate is acted. According to the
pol i shing nBLtABE Bgedbr £Ai g PRAY eSL1pBNTLNi YT 98T caR R cEN@UTURP ERBLE BO
slurry solution cqontaining a | arge anount of abrasive particles. Therefore,
expensi ve sP8cPEL158eAshi TG eLSEGERon-its ITotPIRFTRIE ThPEIHS® pBFR4AIAg
cost can be igﬁuce , ang spggt solu%ion can, be treated wt hout ﬁroblens SO
that enviroRMBREaPTpPOBREKsLARE FREGREG. SAP 50Y 7 cRRSUTRDI EF PEF iBATAG €7Bt h

is not needgd, further_contributing to reducing.th ol ishin st. Figure
9 shows a tPr- fﬂa%l’co (gs!;ttrnieonap(ﬁ gartéﬁ i A*25 avglou(rar%eoplél?égnts (‘):"fcﬂaebrr agl g
pl ate, show ORL] e Si ardicles, hind rrgn% osLty
for pr odycﬁggggggd%gn%%na?és%ﬁgﬁ ﬁgﬁ% gg???st Sgeﬁg c?%gbﬁﬁ ty, ngﬁa?%led
by experimegbaprikklied £ r hany£% 1802AN t RPEEOls itN@Rr S31 220 BrivAYS
2002 filled circles represent polyimde binders and unfilled squares

represeqy uegkbamnarbidiier sradPlasivgaPambicGbas aiel CaOtoExpeng My akor
results show that the abrading plates nmade in the proportion shown within
an area B whblldéxrbi bi vafend4seithsiopppohishpadi utfacdhfidcisg dbwawaveé
particles should be nore than 10 % and should be | ess than tw ce the binder
vol une. \Wehot peesgisr ddiev @qldsthicidesuflagee themanfe admimatni the t Aerbdader
vol une, freed abrasive particles are 10 likely to be self-generated, and

t he excessi§BF§aFﬁcP§a§gﬂ Ptek8-particles in the sliding interface

interfere with the, self-st i.n unct.ion. Al so, such an abradi plate
exhi bits high weaf®| FHa0F %Q&O?%égha‘}ﬁ@a? d re‘r?gt%‘%P%‘U&a"rF‘gnagbrtg&ér)?g BFat e
is also,difficul f.act . c e_of e.t e t . cracks
during {ﬁe é%%gd&ﬁ%gﬁﬂggélsﬁé%%ﬁaig%%r i%n?uégogﬁegggﬁ%rQﬁ%hdgxéﬁéﬁlﬁﬁe

vol ume of thas3REASINVE PAIALCEBSd S bASPidEaNwien Y 'RIRRIR] faddish egeare
reduced thus reducing the polishing rate, and | owering throughput of

manuf act uri g sgre cesguad Pr adeddstesy 20 Hubglging alotirndes sheuldk beonore
than half the abrasive particles volunme and | ess than 60 % by volunme ( %)
of the over auppomture. fi%ed thskbidvder Theurmp sstefacehafi Hdld stppbet
abrasive particles volume, particle-retaining strength in the matrix is
reduced andsabtasnvéépand cthes kottom surface of the fixed disk 37 are

20 provided with corresponding depressions 38, 39 spaced apart
evenly in the circumferential direction, housing respective
bearings 40, 41. Bearings 40, 41 are connected by a
connecting member 44 whose shafts 42, 43 are separated by a
distance “e”, as shown in Figure 6, and whose ends are

25 1inserted into the respective bearings. The fixed disk 37
thus undergoes a circular and translational motion along a

circle of radius “e”.
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25 nore readily seld-generated fromthe abrading plate, thereby losgﬁg%%Q@Q
sel f-stopping function. Such an abrading plate is prone to wear and
brittle. When the binder volune exceeds 60 ~, particle-retaining strength
is 23 3 0 AUG 2002 increased too nuch, and little freed abrasive
particles are generated, and the polishing rate is reduced. Al so, the
mechani cal strength of the abrading plate beconmes too high, and increases

t he danger of caushag fdamegedioin Bfie isur fatetédobyt hehsembtormdic owhwaéer .
The amount of porosity should preferably be 10-40 % Wen the porosity is

| ess than 18h&ftbéAddrsvaunefiset odr hivghpiand6cabied tiwe inserted in a
particle-retention to becone too strong and freed abrasive particles are
not forned, cavdtpokiBsHilpudh rat bepsingdédded athei 9flisstd amloowd tis | bBe t he
sel f-stopping function. Wen the porosity increases beyond 40 % the

mechani cal §Pmén@ﬁh'6¥etﬁé55BF§Gid@"plaﬂ€h¢smp§ﬂﬁcé@, ahd henéedbrini ke

pl ate becones brittle, and wear resistance argﬁlomered as a mhg%e. ToQ many

abr asi ve paPPFeFeShaMPeY edPedt N5 tARI ST 0%t dfpi P Y urdE 0B35St adal nihot
ffective. Th b d by .B ts.vol b i ticl
T 60 04 bi NHEPOSBER05Y, CaHa SN0 BEEEGR: BeAB LSS B8 o5 br ot Biabf cBERLL pfie
iti I be i f ab i i cl 20-50 % bind
SorBa oy andiphy BetfoRes ;8207 gE8 £ SALATLY ShBFIACE B TdEPRARY O 1 b how
the results of po&,}'1 hiﬂg{éad s%rf's ongyctﬁ)&[ dgvi ggd?@gt q\;ﬂ% \A@]‘éersggﬁbgg}g

rai sed and depressed regions Wt el f-st oppi ng Tunction produce

abradi ng pl ahegERdecah h dfie GRATRGSI i Oy, I affLSeRre@tbY aR8LAE AdN Fhgyre
9. The particlés were Ce02 25 and the bi'hder was polyimde mxed in a ratio

of partigl egnclhiegdertwo peodsiedy @isBOntmbeys Iespedd .vel yrhd\s tsiovnaisR
these results, raised regions exhibited a height of nore than 20, 000
angstrons i membakbyfoamdawisigeice 55 ddettwasn tihee Ribsks 3fdr AAHRONG water t he
hei ght was reduced to | ess than 15,000 angstrons, and this hei ght was

mai nt ai ned e¥eAowMEAopoltios hengupes icghttionudte frel Efoinerirter faceini t Sheo
that the height of the raised and depressed regions renmai ned the sane.

Nanel y, 5 ofP§CBhe>? ai KUY 1RS afdthol FBRe SO BHLIhe SFEIdssB&LeegPbns

are not polished. Thereby, it is easy to obtain flat surface_ structure by
el i mi nat i ngTPFREGuI i F?‘@s %‘?%\eéﬁrrféF&da?‘igic8ﬁ‘§‘uéfﬁ'&a&§5r e358Y r’"’é&ilf'bng of

the semoondystof s f5vise YaLery ALLEL LNEY. evanL if,pobi shiga oS cont | gued.

10 fil ness 1s Kept ange e poli shing process thds achiev

the self-stgopphignbupehtenNs5uEBakibat gL Bbp! SAPYREL S ﬁygeﬂﬁtbﬁéhé¥s
controlled after a”level surface has been attained. Thus, polishing tine
based contreh taskmb@cos®s €Rs| edbrddndql [wedd e swange rekspoaaessbngdthét he
discharge holes 58 formed on the fixed disk 37. These
discharge holes 57, 58 are normally distributed evenly
20 across the fixed disk 37 and abrading plate 59.
The top ring 32 serves as a pressing tool for the
wafer 4, and is attached to the shaft 60 so as to permit
tilting with respect to the polishing surface of the wafer 4.
Top ring 32 is operated by an air cylinder (not shown), and
25 1s rotated by the drive motor via the shaft 60. The wafer 4

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

32 with the elastic mat 62 intervening between the two
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15 process wi ndow), is widened. The filmthickness in the depressed regions
is maintained at the original thickness so that design of filmthickpess 200
facilitated. Also, if there are sonme regions that are being polished
slowy, those regions which have been already polished are not subjected 20
to further polishing while waiting for the slow regions to catch up. Wen
the sl ow regions are polished, the overall surface attains a single |evel
and uni f or nefikdbness. Hhpuraadintg 134 has ust satlettibe cteEmyesy netdegipréldil e
of the surface structure. Figure 11A shows an initial stage, 25 Figure 11B
shows mni ddl etseapged(tonmets) pubad fFugfaee 14C Shevieop he final stage of
polishing (tine 2), respectively. As illustrated, only the raised regions
are polished in 2Bhe Brocgss of zpokisking i weing neha polpsigeunit ewall
surface, which remains unchanged even when polishing is continued to tine
2. Figure 1PReskswsainedr dsdbis ofthg medorsididy idh EratRhgtpleeratadikat ed
by point. Cin Figure 9, that does not have the self-stopping function with

a partide figpAdéiskordsi t3rd athe wafeh: 45a85achedpéer ithe &.OPTh"e“}ﬂ odf ess

;
particie finPde % ot ehedpset (4t o 1
i gure 138 f6r BFPGAFE SPaqey ALY SUEITEoFiGrt L AT IS LT b
(time 2). "EsRaehi ¥e YO Lid Nhpegass, the,abiading plate {s gmdeyean @

| ow bi nder consequen ding plra SThrittTe an asi ve

particles a i d e e I I in, Fi .

Until time 5£'8 ?2?5éélégé?gﬁsg#é?g%%?e?@%% Pgh%oﬁﬁg%%oé%&heﬂ(%ﬁe%sse@sed
regions areghardl ¥518nR0Ki SBRArqINRESEST 67, a5k evehg SUE T dEL1 Sapeder 9bE L ned
easily, but polishing continues™to be active even after a |evel surface has

been regghedolhgsnting Ofntd¥erakundereegof thel epsas,ar kgl esatddeinf ofge at
time 2, the height of the wafer is now reduced as a result of the continued

pol i shing. 2QrEatet bifsabeadang aléteugh.the irregularities are easily
elimnated, polishing is continued so that the all owabl e range of
processi ng (the pHetessawchdowlarsandrtvaeslatienal podtsdm ngt canradius
becomes nuch nore difficult. Furthernore, because the rate of material
renoval is OFffEF cHENBERBPE RAEWESNafher syghREPSn§ fa thaatakiadineg, piates

Ch1 11 oult £ 8o0nte o Pl 2l 10,51 12 BLOBELL: FLANES eclone, 2, nel ol 1o
blanket1§6 entire surface of the wafer 4. In this case, when the
positions of the object and abrading surface are fixed,
local differences in the nature of the abrading surface will
affect the polished surface, and to avoid such an effect,
the top ring 32 is slowly rotated by itself so that
20 polishing is not performed in the same spot.

The abrading plate used in the apparatus has a self-
stopping capability, which stops polishing automatically
when the irreqularities are eliminated from the polishing
surface. Abrasive particles may be an ultra-fine powder of

25 cerium oxide (Ce0,), and the binder is a polymeric resin
such as polyimide or phenolic.

Abrasive particles may include SiO,, Al,0,, Zr0O,, MnO,

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

18



3 0 AUG 2002 wafer having no fine-structures fabricated on the surface.
Polishing rate (in A/lmn) is plotted on the vertical axis and poli sGinal6 200
time of dressed abrading plate after dressing in hours is plotted on the
horizontal axis . It can be seen 5 that the rate of material renoval by
freshly dressed ( roughened ) abrading plate shown in "a" is high, because
of the abundance of rel eased abrasive particles. Wen such a freshly
dressed abr pdilympepliat ecessirsppiucdd 4 arsehavendapbay, devilye ipait erlimedol
waf er, raised regions of a wafer can be 10 polished at high speed and the
irregul aritiresiosn ben edddindoediobpolydnisie my aehemml whesine. cofthioiwed
and lead to a result simlar to the results shown in Figure 12. It is clear
that the selifs- séepprmgnednday ohgoeraivre wortk thet Hislmsas&0rBef -am offieng
means that the irregularities are 15 elimnated and flatness is achi eved,
and from t hiS€H& Wﬂ?oﬁuﬁﬁﬁ%ﬂvpoﬁﬁﬂnlﬂ?mﬁqqlh%%%RWodﬁbeqnﬁwt%?r%ﬁﬁﬁﬁlaI
renoval , _that is, the filmthickness is unchanged. This result is
eqU|vaIe§t PGS Lass (Wit o fihsg ﬁ%@d@ﬁ ‘pol i shing a bl anket wafer having no

such patterned fin uct ur fore, 20 b e usi a fres I dressed
abradi ng pl ate onA; §éﬁn@onaﬁ@f i Be ‘b%&if e?‘ é‘ $ e§He ( SAFLY

abr adi ng pl shoyl d. be can |t|0ne u5|n rtore e
abr asi ve pa?E|éﬁesf%nﬁl?ocﬁggg}aﬁgn he Gt €é$§%$%efat§<ﬁ512 ng¥ the

removal S0 Jial he RSP R JAGY O} AR5 WK & f,{tgglghv@gésthqg;t

is, before tahe sem co ctor EVI ce patter ne I'S po

dr essed abr air¥g dY aignSbOutdnperiicatied Yirith1bl@nkeds ehS A iidHaing-he
pol i shing process 27 370 AUG 2002 is carried out after the polishing rate

has beenpl oweiced sedif i ekenply, agsi sHowAt € BYqube 7B,t heriaguie.l ity
enabling to provide an abrading plate exhibiting a selfstopping function
shown in Fi gade 2I0.i$H #bfadcompiated ewirely de abhnaflangupddtby2d doy thraessur e
shaping nethod with heating treatnments involving the steps of: m xing the
bi nder and atgrasiosd povabrwill | foxee athel abrasivengazhiabeadRdgipitat ehe
(pressing and heating), cooling, bondlgg:to a base pl ate, shaV|n8é(pIan|ng)

of the abradiaﬁg?rlo??su‘r’ﬁ’h%% thearadi Rf dftasd f‘ic?ﬂ"s}‘fﬁd fdb?aﬂ?ﬁﬁrp te il
bout 100 but t flat te t i sh d
Govi ce patt SHBF BATHS: HAEdRcest 1R cEAFaRt Chi ﬁgFﬁgngF%ﬂzﬁ"Egm§ n&?@? s
onl y pa | alg anghtat{f $4lf age caanof ,be, pr ocg, %&?rﬁle prc?é)rféér}’an J;eg

sem COI’] ct OI’ er processing requlres, ng Fﬂ ate

initially drgssed gy @ardal%slse%r HAvi ng, dammngd Part thees Ja%@%foraﬁ?a%@ ze)
el ectro-deposited ina nickel base. Dressing may be carried out at 400g/cnZ

for 10 m nutAstel2 B, | Bkt ishowdPeirat F Duis 0al | ethealimdidichl gt &cshapi ng

considerably harder than the pad 20 so that it tends not to

touch the wafer, and the pressing force is almost totally

20 loaded on the abrasive particles 22. In other word, the

stress applied on each abrasive particles 22 is higher than

that in the CMP process, and naturally the surface damage

can be more severe.

A remedial step is to increase the number of abrasive

26 particles 22 so that each abrasive particles 22 is applied

with reduced stress. For example, if the particle size is

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

particles filling a given area increases by a 16 fold, as
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20 The final surface roughness of the abrading plate for polishing 0 2007
sem conduct or device patterned wafer is preferably |l ess than 30 ,unﬁ fH@
abradi ng surface of the freshly shaped abradi ng plate appears simlar to
one shown in Figure 15A where many 25 abrasive particles 22 are found. Wen
a device patterned wafer is polished using an abrading plate having such an
abradi ng surface structure, polishing rate is very high as indicated by "a"
in Figure l1ghovaht hiouglFigues ngAcan8Be 28nd 3a0 AU LE02esbhimiped basidy,
the material renoval process continues even after flatness is achieved as
shown in Fixedestion ahd $8rebs odntl/dst ,omheackhebresitgalpardridldses222,
remai ning on the freshly dressed surface is renoved, as shown in Figure
15A, a devikte pattkerefon@fdesirapls ithaedisiand i siradihdhg akraaiveg a
surface structure shown in Figure 15B, where the particles have been
scraped awaB2riHeleat e Bie n%ﬁgﬁ??faloﬁf e PRt K et 1 28 ATh i REHBERBYLRD" i n
Fi gure 54. When a qivice patterned wafer is Eolished bn this conditio

level 10 suF1LEFT sIYPIIE ntd RAFPeMBPAEARRI h§2Bedfr &5Pe GASSe Gl HIETRE,
and after t desired Ievg{ surface is produced, the ?Era hn Qh@te\MIl
exhibit sel t5t opprRl I iDn B RHAT 1 t 1 apprab§S 452 Sug a%ateﬁ?aflze
renoval has_.pe st . aut I; YD i ughp t f- pi ng
effect is d%ﬁe?@ﬁedggggggﬁ%o%g?kﬁﬁﬁggs3?%0%%%as§¥§§figé?ed&g% gﬁ edﬁégg

patterned Efes{ACEd S rd sed, @f many fine raised regions and
depressed rg%id%s. V@en such a deS?d% patterned wafer is pressed against an

abrading surface ®{ec aBp2RERAGNGH 20 P a5, uddie hBeq8! rid UEEeaRkSohl Ko a
dressing tool, and although the dressing effect is not to the extent that

i's prodycedtipyt dijaong dingssetar(tsi aetof téli amididear impheitseapptipxiaBt el y
100-300 ,u m, tips of the fine-structure bite into the abrading surface of
t he abr adi nfmphat eiesnd( sepegiba Py meitaX e adulesstanec gmy tddleass ey oafifecrty
.freed abrasive particles through a soft dressing process. An abrading
surface shoWmei peFiLgymangspofars ¢mrafinduiiicdede e &% andetahafOntant ate, as

indicated by "b" in Figure 14. But when 29 ~ 0 AUG Zz0OQzZ
polishing slurry has particularly severe effects on the

device quality, whereas metal oxides in the abrasive
15 particles may also dissolve in acid or alkaline solution to
produce ions. Metallic substances in ionic states in the
slurry solution can diffuse into insulating SiO, (oxide)
surface film and reduces insulating qualities of the film.
Also, residual metallic contamination on cleaned wafers also
20 pose problems, because they can affect the next process and
contaminate the cleanroom. Therefore, it is desirable that
the metal contents in the abrasive particles (metals other
than the main particle constituent) be kept as low as
possible. For example, in the case of Ce0O,, the purity is
25 normally less than 50 %, but there are no cases that an
abrading plate uses abrasive particles of higher than 90 %
purity. For slurries which are used for normal CMP, metal

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

20



such a relatively clean abrading surface is used to polish a devi cejr 6 2002
patterned wafer having raised regions and depressed regions, the ef %éy FQ
al nost the sanme as the abrading plate being soft-dressed to produce an
abradi ng surface structure 5 simlar to the one shown in Figure 15A. The
roughened abradi ng surface, being produced by the device patterned wafer,
can rel ease abrasive particles which are effective in leveling the
fine-structwke &f pie, deverecqpat teanaiad evedrera faan wadenidgewal it isarface
achi eved, the device wafer surface 10 becomes effectively simlar to that
of a bl anketofwasenjicanduther pwefiere ofhicme tdbe atk ngoptent chadgss.ted &o
structure simlar to the one shown in Figure ISB, which no |onger produces
any nore rellesedthiBnasi veeparaiclpps antorhel prvasddadst vpsshéfagsensf tche
sel f-stopping effect of the 15 abrading plate structure. It shoul d be noted
that the selfeRAppitde f cantaBLlpakhon- be ghededfersn &Ky ¥§ped ofabEdieng
pl ates, and the effects can be different depending on the conposition of

t he abrafi nPPetElePohp¥ANEg MOFE deliali 90 & E"é)?lﬁfévi(@§e§6rggtlﬁ’erw&ﬁaf er

can be divided into three |arge categories as show in Figures 16A, 16B and
16C. Di fforcital P4 tRer o RAHAMALION BYe el kel By tastiesi ngtbutbe

ti | i shi ' t [ bl anket f ith di tj d
coreal s SRS CHBELLCELE S Sl By Db GEAR

idiniti s [ . exhi bi
qu!ock elim ﬁéa Pghéo?e?%r%gé%\f%@n%ol ?%ewg agy%stg%fggt S%g:c%gt\g?fl"ég? ?rrgf er

to Figure 164)e f@fa@médémﬂ?ése%m&iﬁé Nt PerRmw P h. 3 0 AUG
2002 rate even after the irregularities are eli'mnated, selfstopping
effects jgi || not hexhseindtid rsbeyetd RHUr8idbBlor Th8rabiadi rgh A idiess
exhibiting low renoval rate fromthe beginning is not effected by soft
dressi ng by smsn.goncinet ortihtevissrgattdyer el wafrertcied hatasparitnved sasi geagwdt
be scraped out, resulting in alnost no material renoval and no sel fstopping
effect (refexpermental6C) . Thdeatadidiple e sandatatedviatiad the usipey of
pol i shi ng behavior shown in Figure 16A are found in the conpositional area
denot ed by BR%ERF B 1PAFhiFiger e£9CeOut BRALNGf AVRF3JROPPESIEL NSl z85e £
abrading plates with | qQqw bi nder vol une or high I 0Si. ol yne are

Fel atively ool Ut agPflg pParel- arkf (RERISpol PERTHE-CHaPIBHEF o6 dsethe
represent.ed i,n FLgure.l1l6B. rading plates. wth high binder vaolu and | ow
porosit t5volril‘Jhrr(%e %gléagén?ep&éi%\?gl yal%ar%a%a%lrca 1K kﬁ)‘(apég, PING STRE r° pa(ﬁjin%i ng

char act ef | sty&s i &R eReRt ed i ehlealre 186e TPogYELORHAR SehbestaRpi Ng

capability o e abrading plate, it 1s necessary to renove resi

particles fr@éﬂéﬂ‘\ﬁtﬁréﬁsﬁﬁmagreaqin%ﬂ\b@xat&f betedechds faaleedssy foQn 20 m
polishing a wafer. One nethod of elimnating the residual abrasive

particl es | sabhwasionsli tgaotixlldsanivas Wwaf k0 Wt i kthilte patssdi fyy rdt.8 4 m
stabilizes at some |lower rates. This nmethod is based on pressing and
rotating thealatasidieg palrdtic lagai nstPod ilshdmiget perfermance ke si nabowkaf grhe
carrier while flowng 25 water during conditioning. But the conditioning
tool is 2ot $3%8 t E8rt PRtD| sdRes wafltts Andigayingpehdt t §dneraabipslve at
surface made of a hard paterial can be used. For exanple, quartz gl ass

substrate orPRETEHRS TS ri PrehPLRP

It is considered that polishing is performed primarily
by the action of abrasive particles fixed in the abrading
plate against the raised regions of the wafer, as well as by

25 the action of the free abrasive particles released from the
plate in the sliding interface. In the polishing method
using abrading plate, because the abrading plate is

comparatively harder than the conventional polishing-cloth
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3 0 AUG 20Q2 used in the sanme manner. Such conditioning tools are al so
chucked in the wafer carrier (top ring) so that the tool should havkel Abbail?
the sane size and thickness ( less than 1 m) as the wafers. \Wen thicker
materials are used, it is 5 necessary to nodify the chuck by adding an
adapt ed chuck mechani sm having an increased guide ring height, for exanple.
Supply of liquid during conditioning is absolutely essential, and the type
of liquid, fpeléshipgepadich twe wabeadihgul sustage taf cddle t hdatendvilbni ng
tool and sweep the released 10 particles away. Operating paraneters when
usi ng a bl ahiRBEhwafdYly f okhexamglisedar efeqdiand i oRdl dpeedswaferbr &di nga

pl ate tabl e/substrate at 50/ 35 rpmrespectively; pressing pressure for
substrate af°BBATaFENRlihi RIREr eGir@aBent LRSS nateiIhoFsARRG sREaERre

wat er fl ow ratf,at 200 mgm n; and total .polishing tine of. 10 m nutes
appr oxi mat ePPPLERRer Lhet hBBs FALFEde BSHEYRDU usiﬁ%ea Beeisht25, 15 nstRab of

t he bl t f f i .th b i f 15 with t t
H e Bray d8Bnhnan?l ak®30r08; kA APLERI 48 SHen PSS r o AP S ot Ehe 1°
Fi 17B). Th t hod ff i in. i t he, . id b i
L RTR L b o e R LMo VI CRE ChR b 285 I

roughness o e (I unj . J s angﬁ%; f e L e,

rot ati onal ggleeeggrépggg gggé i'ng T&%t%%ealbr&lqe brus ags:e%zg‘;xicén r%{rﬁ %ﬂg X
pressing prggsihe a0l cplacday el f kawehate i3lqu@0 JHY liin@NdcRion
removing time of 1 mnute.” Brush 25 should have a relatively soft tip nade
up of fibergnofthespdinamhihgmsadirdaeeer, WHeh 3%e 3rlefldiaz02ebS aptated
and pressed agai nst the abrading surface 15 while flowing a liquid Wsuch
as wat et t oelénminetele reHeanadbabr asf veepensed! grarticsgs metilddsbéasred on
fluid pressure applied by a 5 water jet 27 (refer to Figure 17C) or

ul trasoni c less28ang] eeecause orhan allitdimgoninteniace 28 (shigftema oaFogare
17D ) are also effective. water jet 27 should be used at a pressure of |ess
than 5 kPa Bithef&eprmgteranst yofedhet Hap 2ridrmn 28dr &f6v e utntakdss dubhere

abrasive particles and to produce 10 a suitably conditioned abrading plate
havi ng a rowékin}@ stfFSc&Sf ARSI AR SE%0 Gl et remagnipg pyn .tge

Excessivel y_high jet pressure should, be because it, avoided not_onl noves
the' res: dush LabPRcroEEEERvre) B8HithiRe T e cte, taft it #8eeT af8 nbh"

abr adi ng- su : hepe ) : g dressing effects
by the g%ni%g%ggéﬁgr?ggéggghpggtg?ﬁggﬁﬁg?%ﬁérﬁ%ﬁgénégg%%gg%éason, t he
operating paranet gesosdehgasof HISHSYiathd ThebRbEY byhuh P g apeheb! y
selected to operate an ul?rasonl c jet 28a. Operating paraneters for the
particl e repotakhirrghods20 darnged! t basoniwitiHalitd aae, flarrxampbiution
frequency at 20 kHz, output power at 50 W a conditioning tinme of several

m nut es andcanthépingt 8 dargelambuntnofTabrasiveiparyiclieat tHacrafore,
abrading surface, (it is desirable to nove the ultrasonic transducer hone 28
to reci procB¥BeBELigeiPeRaa2s PedAEkAngn§oLNE 1e8gd SomMathaegsiedy myng| hhe 15
at a se aratk/gn diistance of 1 mmor |ess than mm V\ater#éet such as

Cabi j et LhndPREGSPERI( (SPfte RafePemelPHEEF hedlCeFP e HesEChRERBAs ST be

effective i Qrcreggggl ngthg%tr %Srlo%ﬂaelmsa%roasclhva% environmental problems are

reduced. Also, consumable polishing cloth is not needed,
further contributing to reducing the polishing cost.

Figure 9 shows a tri-axial composition diagram in

25 volume percent of abrading plate, showing an optimum area of

abrasive particles, binder and porosity for producing

abrading plates having a self-stopping capability, obtained

by experiments. Filled triangles represent phenol binders,
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33 3 0 AIl G 2002 particles to produce a suitably roughened surface of the
abradi ng plate (having a surface roughness of less than +30 ~.cm.
Excessive treatnent nmay not only renove the residual rel eased abraépfwﬁzmz
particles but also fracture suitably roughened abradi ng surface of the
abrading plate to be vani shed. By providing such conditioning treatnent to
a dressed abrading plate, polishing rate can be stabilized for a short
period of tifikElledwevierGles peprssiend i podgnmideedpindeps| iahd nganfitlel eshn
sonetines gradually decrease, so that the abrading plate nmay have to be
re-dressed. $@MaéeﬁrégsrﬁgewﬁoﬂredhesglhgﬁdétstheA@HﬁédVﬁgR@nﬁkghﬁﬁcﬁﬁﬁled
out to reestablish noderate roughness of the abrading surface of the
abradi ng pl &®Q2-and different fromthe initial dressing for 15 shaping the
abradi ng surface of the abrading plate as shown before, it should be
basical Iy carried We%’é‘i‘ﬁ&aﬂes§e§é‘&§§e Fa8Yt ) thadr afbeer ab V\ﬁ“i’hﬂg heP R eaSur e
of less than 100 After suych caonditioning, residual lb:cle Iy npva
is not reéquifadf gﬂd ePLOPOLE 100 SIRNT 8-t r?nt?Eﬁ?nﬁnW

ffi e; d | f
¥200 5ito: p‘?%%gﬁgéf?-?tﬁﬁé?@iﬁ8%5%3&%3%6& Tt Eﬁ?a%%'clﬁ%gf
less (han 1 gyt . oACRAEAI 89,80 T seAditiof bb REQUUESS a0 ANAL N

pl ate having a surface roughness of ess t several tens

" CroreLer S Rl e WP Boseree! phomoulac LG e pore
shapi ng accoppani egdivet Rheontidantydbe@he, freed abrasive particles are

10 likely to be self-generated, and the excessively increased
freed particles in the sliding interface interfere with the
self-stopping function. Also, such an abrading plate
exhibits high wear, lacking in mechanical strength. Such an
abrading plate is also difficult to manufacture, because of

15 the tendency to form cracks during the abrading plate
shaping operation. On the other hand, when the volume of
the abrasive particles is less than 10 %, released particles
are reduced thus reducing the polishing rate, and lowering
throughput of manufacturing semiconductor devices.

20 The volume of binder should be more than half the
abrasive particles volume and less than 60 % by volume (%)
of the overall volume. When the binder volume is less than
half of the abrasive particles volume, particle-retaining
strength in the matrix is reduced and abrasive particles are

25 more readily seld-generated from the abrading plate, thereby
losing the self-stopping function. Such an abrading plate

is prone to wear and becomes brittle. When the binder

volume exceeds 60 %, particle-retaining strength is

23



~4 3 0 auG zoo2 is a dry pressure shaping acconpanied with concurreg@
heat treatnment. This process involves a uniformy m xed powder of abl ﬁ@@l
particles and a binder of a given ratio, whichis filled into a cavity of a
press nold. The m xture is conpressed and heated to a certain pressure to
produce an abradi ng plate of required di nensions with concurrent heat
treatnent. Heat treatnent is used to soften the binder to pronote adhesion
to particl esiranedsmdrateomuih 4 shd ohftuher ExeedOabrhedveephaddciles! wde a
wet nethod for fabricating abrading plate. An organic solvent (for exanple,
et hanol ) i s gerEratat i nand cdiieai peliskin arbkaders sueduasdpol yrhéde reds n
(I'itquid or powder) is dissolved in the organic solvent, to which are added
abr asi ve pam8diasicaly stiengsdnrpf etheg sabbrdingepparei bresmese @O drighadded
in aratio descrijibed earlier, and the liquid mxture is stirred with a
stirring deAtk IRFHPRRR et Bt daBIRT x Ofr € HBANTY AMELRT N ditEperssgdface
abrasive particles. The feed liquid, having the particles uniformy
di stri bubed 9% thfe FHENAUE PoWed®Ti-nto a tray and heated in a vacuum
oven to drive out e volatile Iiguid g; g C.for t hqur s, r exanpl e,

S <)

h ) fo
to produce a sol i d5 PWEYr . OFhBOpPES oud 4y RS %cP%r&BGég &
pul veri zed er, of binder. resin.adherjng to.the abrasjve rticles.. This
25 powder is Ti I%h iR°5°3§FYn&ﬁtﬁﬁ (Xﬁl%thQ §ddqﬁ?5§?%dvgﬁ%%$a68v§qﬂ)

P | | | | .
produce & Salidh POyl S §3310-10051EAEAN EUES Hebnd ROSNARS Y

i
t he abradi ng 6ﬁgte. preformis heated In an oven to

soften (gel)adderBded 8bPabifre! Hakrthindar saRd fAUSEothed 0 hHEE JA ildHing

bi nder adhering to the nei ghboring abrasive particles. Thi s process
producegpa statangislratidud pHAtd eusydsehdve Yy avsee Uy tdealfos depidead t o
aresin mtrix material. The abrasive particles in such an abrading plate
are distri bufwdttiorn he meien X tivet gyords Cont dAnpiregsasgibveyordodlt ®f the
porosity (opening), and are inter-connected by the binder. It is thought
that the pomsmsihanistalopshieggts Pér e bybnidinghipdlaties ismcoegorated and t he
pul veri zed powder during the 10 process of pressure shaping the solid

i nt er medi at EhernEAdRg Eh%t%oﬂ’%ﬁ@“?%t@él%&?heaﬁér Yepty rie§ 6/ 1F&t A5€ can

be controlled b (%re compr.ession ratio in the pressing .operation. |t would
be evi dent (YT HOTLITIGE enthoth MBS P8 e ARSI ed s HE ARy
and pol yim aorsé’f?-”sc’éo&ﬁfp%%{%f t%%”g_sp'a%{aﬁ R e%%&%e. S%{é shanp! ng
property“can be produced -usi’ng abrasivé particles and binders that were not
included in g ARF Y B I/ UPHMERs volume of abrasive particles 10-60 %,
binder 30~60 %, and porosity 10~40 %. It is preferable that
the composition in volume be in ranges of abrasive particles
20~50 %; binder 35~55 %; and porosity 15~30 %.
20 Figures 10 and Figures 11A, 11B, 11C show the results
of polishing a semiconductor device patterned wafer having
raised and depressed regions with self-stopping function
produced by an abrading plate made with the composition
represented by point A in Figure 9. The particles were CeO,
25 and the binder was polyimide mixed in a ratio of particles :
binder : porosity at 30:45:25, respectively. As shown in

these results, raised regions exhibited a height of more

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

24



As descri bed above, the polishing nethod described 20 above has an
advantage that only the raised regions are quickly renoved initiallyméumnﬂ2
facilitate planarization, but that using an abrading plate of a certain
conposition range, polishing does not proceed further. However, there are
cases that requires renoval of further material to reduce 25 film

t hi ckness. Such additional material renoval after the surface has becone
flat cannot beitarthedhelightswag tleeupel shi rigswetdhech des0rdhethgdrasens ,
Therefore, the present nethod of polishing is conprised of two stages: a
first 36 3afd AUGiIX)02esighge pebi shaimtainddt keabr atlieng pbafehiagd vaas
second stage polishing to additionally renove the surface material to a
desired thi ckersinued gfprsangphen 8B tire sehthaitse thausthatheightofof Hehe
process of the first enbodi nent of the present nethod. The first stage
pol i shing i str3hdfm iaRdri depeeased &RGiPashattp bied h&NBol §AME ng AMRILY he
abradi ng pl ate_descri bed above. This abrading plate has a sel f-stopping
property fha?n%}‘latﬂrb“s £8188ducer IS af&Sof PhtERedt rPdtbviRewePEieSad

rai sed regions of the sem conductor device patterned wafer are )
pref er ent ?al FGILPRPi AZCedUndPP ésp?gegul%rﬂ%‘?@é' art S nFA%Y edOpyPbtain

i shing whj ' | t th | . when it
72 nocessar yF 1" COREFATS REHFFHEE P VRLUETRET S or T VA Tl oq pparvesn
br adi lage;isyl i t abl furt. i Shi
he-sur Pace neteet ar iauny 08 BeBBeRFER, Ul POE T ol en Ve
this reason, gb{{8é, wRRLLSh NOEdd B hdn COBYER! hed 139 18R ihG T1RC AN ZEnddd)

the irregularities have been 20 elimnated. Then, in the second stage

pol i shi ngy sheywimi thEkpness 188, kagti dhOnahgdd) | Shé NEo1 Ss KB4 | BELE@M s yhus
replacing water with a polishing slurry containing a | arge anount of free
abrasi ve parachieses Sl they &df-sbtepshme tfpectison heswries tised fmaterial
conventional CWP is supplied fromthe nozzle 9. 25 For exanple, SC-1 (trade
nanme for thergpnodatt isf Labonattbrpbly) conhichled| arfgen oaa legeloislatfate i ca
group, is suitable. The slurry contains a |arge amount of normal polishing
abrasi ve parBag| bgengagtpineri-t affdgssupddehing t3ne RGP i sk

renoval at high golishing rate, as in the _conventional CMP. ,
bécomes easier, the allowable range of processing’' (the

19 process window), 1s widened. The film thickness 1in the
depressed regions is maintained at the original thickness so
that design of film thickness is facilitated. Also, if
there are some regions that are being polished slowly, those
regions which have been already polished are not subjected

20 to further polishing while waiting for the slow regions to
catch up. When the slow regions are polished, the overall
surface attains a single level and uniform flatness.

Figure 11A~11C illustrate the changes in the profile
of the surface structure. Figure 11A shows an initial stage,

25 Figure 11B shows middle stage (time 1), and Figure 11C shows
the final stage of polishing (time 2), respectively. As

illustrated, only the raised regions are polished 1in
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Figure 19 shows steps of the polishing process schematically. The first
stage is used only for planarization, and the abrading plate is used & U6 2002
qui ckly level off the raised regions. After the irregularities are
elimnated using the abrading plate, polishing rate is reduced rapidly, so
that the polishing tine in the first stage is controlled by all ow ng sone
extra tine in addition 10 to the tine required to elimnate the

irregul ari trelsatifhe téwmend stagprpohicshiangleéwelai sedfaocer eminieha speTins ¢
anount of surface material, and is carried out by using the same abradi ng
pl ate with wnrchkdngsd \even urhrgn peplplsheidd rigmadig imeed &a it imige 2pol i shi ng
interface, as shown in Figure' 18B. 15 The polishing rate is determ ned by
the type of abradiiging urd shesesd thep neftl tsheodesinat Ysing ta7 cadneadsink can
be obtained in a relatively short tinme. Because this phase of polishing is
started fro?hate4 atn@ifatRe, PV ERR pr édi eJukrf drmtpalti siafy ferhave
entire surface of the 20 sem caonductor wafer and a high quality, upniformy
pol i shed surtice e FLRRIGHc d4RCA 1§y el LER cRneE%ngc?‘%si dudl 134%%n can be

hi eved by _tjne. based. control fil mt hi ck based, control . Fi 20A
hove an oETEID T HEOCaR AR ol TR T 25708 5 A% or &0 ng

| ate sho iN. Fi e.18 e progess. i.s. contin to tine, Tl to
Broduce a%%]{]l{%ff? cé‘% ﬁ%lcfé‘p%?%g eyd,0 %ﬁaﬁler Yt gékoﬁoﬁtggagﬁ %rés%%?? ace
is achi eved ef\ t hek YA . r e Nezzl : AUG
20~ 9 as sk&ﬁéﬁ%néﬁfgggguiggﬁ3§bpggipﬁﬁﬁ%%gc%%%é%ﬂgghﬁﬁ ?ﬁﬁe%¥%§ §é§hfé

described apfyyefoPOof iS4 Nk 4448 ik by delaygadiad,ay the type of slurry
bei ng used, therefore, It is possible to renmove surface material while

conti nuigng pol i shimgth@sacasel,vaihd | dbradigyr 1268 Shovwkadd exanAplae wfilm
t hi ckness based control nethod. By polishing the substrate using abrading

pl ate w th bihwdappavatme, slconwseguehitdyr, e thdA albteed jood | phahg risswtisttle
elimnation of irregularities to achieve a unifornmly flat surface having
filmthi cknerd tirasive\deR It onkgs pote stATiglusiepatrdsinan sthe rabyadirg ri ed
out while nonitoring the filmthickness so as . to obtain a filmthickness A2
usi ng the appilirat8ROChowA FAIEEGuPe 1Bt Bechilfe the XPrEEEsFIHETENt3BR | ed

b itori he thj te fi t hi ck b t ai ned.
by Tont o 08l A0 RSy P SPCUELS, L AT 05 a0 Do ar
abr asi vig pa}%c%iféﬁé&. : ”mﬁé‘ze $1LSt aStlﬁe%eelpCEd JW da R I NG e syl Al d
cont al ng rasive particles I n the second stage pollshing, 1S oper t'ed

according tg,@ @qu%g S@mjﬁmefi Qo Ep&2-acti& P 8GERS 4 A0 goMsnd] ed

by operating the opening and the closing of electronagnetic (en) valves X1,
X2, Y1, Y2 shefdcédn rguread. fodcidNbeésaddd tict | ywide amindsnas e o the

initial stage of opening and closing shown in Figure 22, and the sol ution
i s circul ateel detdaderattibcted | veTlyeypforg, atd time 25, sthor dgeidlankst (i,
TK2). In the first stage, each valve is placed in the first stage condition
shown in Fivafer 2is row peduced ms id pRSULE el the eprmiguedtrel Wwkinpg! i ed
fromthe nozzle 10. The first stage is contrqlled based on tine, so 39
20 For this reason, although the irregularities are easily
eliminated, polishing is continued so that the allowable
range of processing (the process window) is narrowed, i.e.,
polishing control becomes much more difficult. Furthermore,
because the rate of material removal is different before and
25 after achieving a flat surface, it is difficult to control
polishing time properly.

Figure 14 shows a polishing characteristics of a

freshly dressed (roughened) abrading plate on a blanket
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3 0 AUG 2002 that when tinme Tl shown in Figure 20A has passed, poli 3@@%20&2
st opped. The second stage is started after detecting that Tl has passed.
The second stage polishing is performed by supplying a slurry Q fromthe
nozzle 9 by operating the 5 condition of valves by a switch so as to be

pl aced as shown in the second stage polishing condition in Figure 22. The
time of ending the second stage polishing is controlled either by tine or
filmthicknessfesohahiangt he floeessrusteresd fdienidatesl T@n shben siux fldiagur e
20A or filmthickness A2 10 shown in Figure 20B i s obtained. Figures 23A,
23B show t hfSleddrid e nbaee méan ¢f/mine po$i phPhgedeiodthei yareigsA shows a
second stage polishing apparatus used for the first stage polishing using
t he abradi nsl Rl ighndi Hime 28BI5A6GEdaapsRAsATNElappardtey DFasding a
di anond dresser, 16 added o the apparatus shown in Figure 23A. D anond

1 g
dresser 16 cghptqses ¥§ neleffsebned phhei BPEsZoRtabod¥i%2001paFePcke Sead
enbedded_i n t he abradi ng surface of the abrading_plate 15, and perforns

condi ti ofi ndH® t FdSbrdihg P at®e bBF 1adi ndr SRt Yas IF@sihdyysdrassed on

| ti t.h f f tati t itahle 5 | | shi f f w
P cart ed oRtugrEnst A e e B OPe ekt R orhete | BEah ohPatss ity o
th br adi I | ed i th . 1 th
bbrading surtia S daifl Lo (Y baBlat Bl BRI [ R PBebina e

nozzl e 10. Tediista, Ak Secand A0Sl S N1l oG5 e Wthscntior S

are controlled by 'swtching a seri val ves “Usi ng e sw tching

apparatus shawidd) Fhoteenéd aegedi Ngafded 2c8i8WS 20302at qrdg fhauchart

shown in Figure 25. For exanple, in the first Stage, each valve and the
dresser 1gr e gulaicsted n dthe Hiigtst syerge comdli tdhen showgulariitdwse 2an Figest
stage polishing is perforned using only water w fromthe nozzle 10 by

pl aci ng t he elomdinatad ofbuwal pekisinthglr assiern agithoba contheubdr andstlagel
polishing in Figure 25. The first stage is controlled based on tinme, so

t hat when titee airesohh Bamklgur so2¢Aehaegyddsedhqyl i hi hggusesidppedt
Thus, the second stage polishing is started after detecting that Tl 10 has
passed. The Secoh#rst &8tpdiishF Ayt opePRRinh RHPATtEORCGPLENtNRUF eWKHg in
operation is perfornmed b$/ igp&%l ng wat er WEFO tHe nozzl e 10 .and abrasive
particles geibrn AP By dYELEGTCIE L0Ri PEBFablRY ERE VAFCESLARA 0RE dresser
in a segend st gangditi j i : b h i i.ng L

appar at ﬁg n%?laa operatziité)n%glsargigl\r%sj't irlosjr:s olfevt?eﬁie’ érntgsggr% Wl%%grse%ojl%t on

appr oxi mat e'ﬂirﬂﬂ@xatpdl%hﬁﬁe%ﬁl%c ¥t rﬂBdtﬁ!@_ﬂ%‘_ﬂh@}! G tRIrSS3UN@nfv 20
g/cn2. The tinme of ending the second stiage polishing is controlled based on
either tine watiis t hhekrEgsm Swidkwdsd hespunedanged.endegiait rbsaRtT4s
shown in 20 Figure 20A or when filmthickness A2 shown in Figure 20B is
obt ai ned. Figgrivd2ershots tHiee t hesdlentuddianeyed obnt Ipelhshisky ng dtanket
schematically, and Figure 27 shows a plan view of the apparatus. A wafer 4
t hat has be@wﬁﬁﬁfhﬁvmmgtnpo@g@h patterned fine-structure. Therefore,

20 before wusing a freshly dressed abrading plate on a
semiconductor device patterned wafer, the dressed abrading
plate should be conditioned using a blanket wafer to remove
abrasive particles and to moderate the initial rapid rate of
material removal, so that the self-stopping function can

25 work effectively.

That 1is, before the semiconductor device patterned
wafer is polished, freshly dressed abrading plate should be

treated using blanket wafers so that the polishing process
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25 the first stage polishing using the abrading plate 15 shown in Figure
26A is transferred to a conventional CMP apparatus shown in Figure ZaBAUG 2007
using a polishing cloth 6 and slurry containing abrasive particles through
a conventional 41 3 0 AUG 2002 chem cal and nechani cal polishing process.
This CWVP operation can be carried out using a single conventional
apparatus, but it may be used in a conbi ned manner with the polishing
appar at us cohpr ceirmdetheowtbr aditry pihet epsbishang barltendyahe besad lowered
conpl ementary manner. Namely, because of the self-stopping function of the
abradi ng pl a3ef{s¢hepWwey er@sor ioHéantatl sy ut‘Pon,isuthgcef hansei al therevl
wi Il not proceed after the irregularities are elimnated in the process of
pol i shi ng everabhing slsepfRntdpolns APAPIRE ePIatRQ VN Hither haRbi-
since polishing cloth of conventional chem cal pechanical polishing has
elasticity, ﬁ&%&’i‘%g“-%‘i‘%ﬂ?ﬂ Vit 19WR MoVt B e material from both rai sed

[ dd d [ that it h dr.awb t hat i ght
G 11 orende i s i {ERYL TS BLEF Baleda SPagt ol SF A TRUEVEroY (Ao 1S GEHUERTBnal
CWP h flatf. .pal i sk t hi gh
ool i shing r At ke g meRRGRT VIR Ao R ChPES A ReE T RGBT " SLERE!

Therefore, |9 achordance iyl iy daoridnali ol afe f hbahes! a98109kS Ngosi N9

abr adi ng pl ter solution asive 2p partrcles,

second stagecpohishi B WHAGiALOMAN gg@ésgﬁ%%ha S i) N%Gd PLiy and

a slurry inc ng” sufficient _ rticles, a flat surface havin
residual filpyhdligkness aofpasedasided, vghal@m%n(p@aﬁmhgr) neg¢ ithalaOved dhd

short tinme duration on a substrate surface 25 having irregularities
t her eon.|(Thesprbaess crbahercont odl kad, fdsishedhebetddadigngiiat edeiscralbedt
above, by the tinme based control or filmthickness based control nethods.
42 + 100 4 m but this flatness is inappropriate to polish
semiconductor device patterned wafers, because the contact
with the polishing surface is only partial and the surface
cannot be processed properly. Therefore, semiconductor
15 wafer processing requires, for example, an abrading plate
initially dressed by a dresser having diamond particles
(#100 or #200 size) electro-deposited in a nickel base.
Dressing may be carried out at 400g/cm’® for 10 minutes.
This initial operation is called abrading plate shaping.
20 The final surface roughness of the abrading plate for
polishing semiconductor device patterned wafer is preferably

less than +30 um.

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

abrading surface structure, polishing rate is very high as

indicated by “a” in Figure 14. Although leveling can be
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3 0 AUG 2002 Figure 27 shows an exanple of an apparatus in which a

pol i shing apparatus 71 using an abrading plate and a polishing appd @aug 2002
using a polishing cloth 6 are laterally placed in a common polishing room
78. The first apparatus 71 perforns polishing using an abrading plate 15 a
with a self-stopping function while supplying water or chem cal sol ution
fromthe nozzle 10. The second apparatus 72 perforns chem cal / nechani cal

pol i shi ng wi ohtainedyeanith, coheanateniahbrenzml ahpracésye pantivies even
supplied on the cloth 6 fromthe nozzle 9. In this facility, the water 4 is
del i vered t hatugh £hataessversy apeievrA 78s afgliows pimceugeres fLRamgporis.
table 70 di SPosed i nside the polishing room78, and is E)Ol i shed by the
appar at us 71IRsiCRETERE tabrdtRhgt Bratte@siguadnPartFl eheldur fra8e inda dbed e
flat and~t he hei %ht 15 difference is elimnated, the wafer 4 is transferred
to the apparBbBsI7oshdy @SS AVGERCE ik] FRRVVEL: t RFoFGRVR P PrPeess.

In the apparatus 72, an abrading pl.ate _can .be installed for additional
Surf ace Pomobals aAdeRFAFEn DG PLRRHGoFRE a0 s Lo Hy I e 9402

houl d 2 fi [ ticl d_hi gher_,. it tio th
he. abr adi ngb P aeeRaeif pnaveirbt ARSuPTES FH0l MSr RRES b Lirigrce
ticl ' f - j : T
Par dness of TPe BRdeC er frucsi oty s ol afirLhotd B Foudy Thcer that
of abrading pLabea?OidSs16lRY 68 48dicAtkasReCibvely Fhgwran ignt erm‘g%n a
perspective view and a plan view of an apparatus 80 havi'ng a turntable

having a pol §ehid8 ghetBrRednda@Brabhsagdondspedt 8rEnis3 dbritde ZA02 déyahi ch
is concentrically disposed therewith. The apparatus 80 perforns polishing
usi ng thg absadfage pl atis 15, obadihban thhilep ri dgihtaaniygng tdesiediele 4
is transferred to the cloth 6 and additional surface material renoval and 5
final polishiopegatavibsiese candi eftmnt hhesudpkyiired slevey GdrdHaceheis
nozzl e (not shown). As shown in Figures 28, 29, because of the center
section and pepdpPedal BRetiapradiamt e@lByet hwiddbncenbhibit arsehfed®orpbidt he
abrading plate table and the cloth table, 10 there is no .need to provide

two turntabl B4PEVEAN wABN thati 1idi 2PRPAETORE HBPRYRI HG teTdgds T Yialy didd.

The apparatus_is ¢ r’rlpac%, and onlé/ e notor is required for both

oper ati ons. %‘?E%,sg‘% RRABuA" FAME h ?f Tes, to avoid nixing of the Iiquids
d f he abradjng.pl i shi t he' i shi i S,

water orbhentcal Lo it Ghouae T Sfer Lo thd BELO0: BN WenctBleh

therebet wveenzsl nebiiswsase, @ eCeRELCEATEE0N fabrisR@ d0r dihe Abraeh Nde
plate 15 and the outer section is used for the cloth 6, but this

arrangenent payt&ené@veaiated ssuthatet e CodtirisSeLt o@n manyS&Ednkorrd hee0
cloth 6 and the outer section is used for the abrading plate 15. Al so, the
cent er sect i pagaous tded odeépressed i Deghays botWhémaveudinea adewik e gpapt e esed o
that surface leveling and additional material renoval can be carried out at
di fferent abvafenglpl pressed agedeqt ap RbFaddnIQsshdias carPfoadt aalbrad g of
the facility which is suitable for an enbodi nent of the polishing_apparatus

of the prlesePtatfveli®ont 1Ate SAEPELHEES ATrPor +3K8 @ pereshing $eCdior330
and a CleamangtﬁggélliO!ghle59:lre-|;hsein%0|éfpécrp is not to the extent that is

produced by diamond dresser (size of diamond particle is
approximately 100~300 u«m), tips of the fine-structure bite
into the abrading surface of the abrading plate and scrape
25 out the abrasive particles, producing freed abrasive
particles through a soft dressing process. .An' abrading
surface shown in Figure 15B can hardly abrade the blanket

wafer surface, as indicated by “b” in Figure 14. But when
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44 3 0 AUG 20U2 section 130 is conprised by a centrally placed
turnt abl el33havi ng the abradi ng plate of the present invention,apoli%%ﬁHézwz
unit 137 having a top ring 135 di sposed ononesi de of the table 133, a
dressing unit 141 having a dressingtool 139 and placed on the opposite side
of the table 133, and a workpi ece handling device 143 pl aced | ateral

tot hepolishing unit 137. In the washing section 150, twotransport robots 101
Tovabl e i n (IR G G AL rF E bR RN SRS i S CoriterP gt br?

and on one sade.oftheéOroboé line, primary and secondar maiggn devi ce
155 157and XSHATE dPIEFCTBRS dMPER T AT WISk b b5 ShpABPEPES) AD0cHRRE Skt
[1el t h oth th it i de, t kpi j
Dol 163 o & S LTt o I Sl TET cn BT he, TAIS ot el SR HATe
| shed ) f 0t I ti ; £
gggfhlefrSns\;,)%ér]feﬁilo%%?gll%gg%%% IhgorEgﬁfie?gn%\?’gg%%%\gl&g?esﬁ%aéaegﬁ%e%cn? eands
i i . , ) b " ' . ¢ ¢
passed f Pom TS TSRS obaes Ol o SPREMFChT' PEURFEI AIAR, HRE, Sodiiciien ©
tot he20"‘0rkpél%£dﬂ?cﬁ‘d|s'u'}€fa@%‘{' Cl@ejl.ﬁé ‘i:frotdf&%e@()'b?h'ﬂ?& sgel/iea %J&E’né’@f er
on the handling device 143 is held onthebottom side of the top ring 135 of

the polishi nga£ei | 1S/MOMe Iéla S 04l d 1B &l Ol 4 10 d 1 ke widith | $rd réfsded 1l in
abovet heturntable 133 to be polished on the polish surface 134of 25t he
rotating turhéedl eng38hePdinshed ruaftatel oAgEhar abuioed gat tidradadand £ aug,
device 143, is passed totheinverter 161 by the left robot 101, and is
washedandi nvand edhiemer #byelThgn,id hacpdkevelded waé edevsiosasthefiebytdherfidce 3
0 AUG 2Ud primary and secondary washi ng devi ces 155, 157 using water or
cheni callOsol esomes apfifeet spehy apdmitardtPnthpe 9fi @ dhpdrketaripfier r eand ned
to the original cassette 165 by the right robot 101. After the top ring 135
conpl et es potPenhPRGLEHE vRF efhenRiasEdihgPliate FARNISFestRver %’b’P‘ich"e“ e

t table 133.fo] | ow t he dott | i ne,, . th tati '
ool 130 1o THBCH | SUPY alBeof SRR £ 4Patk I3 ACREI S ER 1 BOpr T

i tion, >t . :
ot urn nfoPhalles POLAOD RUEL AcPelddhed | ahopd L de Enionad (gl Ll
scroll type OF,L&Ps t ¥RepsThhScAPLd shisng fackkh kY 58 pb;gguseefifé@@le%f 3 he

cl eanroom Because the polishing unit produces an abundant anount o

contanim§tingbﬁyaﬁﬁ@ggpgtetgﬁxﬁﬁﬁﬁf@,poIishing apparatus 15 shoul d be
contained in a closed housing, and the m st and dust particles produced

fromthe polishingisecthomldantlec| panedg tSett | ahe aselExbhoppedgbyfemture

exhausting device, and chemcal filters are disposed in the ceiling for

suppl yi ng cl@amnaf r benpgodueedodm e yes sof eabnrafidagt pdatgsiyl iand Jthe s

kept | ower than the pressure,in the surroundi ng %qgion (cleanroom, so that
0

cont am nat ed®5f#StHi<an he diStepanti derRMRS P ¢ CHORRA LT RN AL e
facility. Abradi | at f ticl f hi.gh. it .
par ti cl & cont BHINERY onPL3C Pt eventod 1) Lidshi G AT ATt S ITTifRd
f f I tQt t d 4t f .
contani it i ohe AT FreaEo ettt 5 Sief nERED Ror B S P learrie

atmospher e i g5t BRoGheaN PR Sed 0l 6KONG8E NHL R 648 Differences in the
characteristics are made clear by carrying out continuous

polishing experiments using blanket wafers with a
conditioned abrading plate. Only those abrading plates

25 exhibiting the behavior of rapid initial polishing followed

by a lower rate of polishing will exhibit quick elimination

of irreqularities followed by self-stopping effect (refer to

Figure 16A). For abrading plates exhibiting high removal
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3 0 AUG 2002 Industrial Applicability The present invention provides an
abradi ng plate having the sel f-stopping capability by optinizing th&05U6 2002
proportion of abrasive particles, binder and porosity in the abrading

pl ate. A polishing apparatus using the abrading plate exhibits rapid

| eveling of the surface, but after the surface has been | evel ed, further
mat eri al renoval does not occur. Therefore, the process can be controlled
by 10 adj ust kaget mverol afhieng the atirorgaddribéesurdze e eddimfioptiedy | self-

i nproved. Adopting the first and second stage polishing nmethod of the
present inveAtPPRledapféectsd Wultkhgtebenphieevehe(refeputarfigese| h6Bhe
first stage polishing, and, in the second stage polishing, surface materi al
renoval can BBe1mbiddiagedpbatedr @R id ting eﬁ‘f‘i’ré%\?ﬁ’ﬁécer%’ye pdirioghi Hye
under condition, of high concentration of freed particles. The conbi ned
pol i shi ng pr BE848NAREddEc O ﬂ@%@Q§@ﬁf§6éﬁﬂﬁqﬂé%ﬁ%ﬂﬁq%a%bn??%+¢?%§u?ﬁ%r

t hi ckness. of .t he renainin Il ns enpving the.surface material uniformy

from the 1 evEPE4C20 PASFERReiaoiH S nb HEC RBE S LPROrerare. difol FEEPPERT o
DEe " PP TRy ST SFs R L e FE na ho 2oPeAC
stopping effect {refer to Figure 16C). The abrading plates
that exhibit the type of polishing behavior shown in Figure
16A are found in the compositional area denoted by B region
10 in Figure 9. Outside of this compositional area, abrading
plates with low binder volume or high porosity volume are
relatively soft abrading plates, and their polishing
characteristics are represented in Figure 16B. Abrading
plates with high binder volume and low porosity volunie are
15 relatively hard abrading plates, and their polishing
characteristics are represented in Figure 1léC.

To develop the self-stopping capability of the
abrading plate, it is necessary to remove residual particles
from the dressed abrading plate before it can be used for

20 polishing a wafer. One method of eliminating the residual
abrasive particles is to condition a blanket wafer until the
polishing rate stabilizes at some lower rates. This method
is based on pressing and rotating the abrading plate against
a blanket wafer chucked in a wafer carrier while flowing

25 water during conditioning. But the conditioning tool is not
limited to a blanket wafer, and any type of tool having a

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

example, quartz glass substrate or ceramic substrate can be
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obj ect having raised and depressed pattern thereon to produce a flgi %ng
mrror polished surface, said abrading plate conprising abrasive p § AYD &1
having a chem cal purity of nore than 90 % wherein said abrading plate
conprises said abrasive particles, a binder material; and a porosity. 10 2.
An abrading plate according to claimZ, wherein a ratio of said abrasive
particles and said binder material is |:x, where x is not |less than Q.5 by

vol ume (t he U5iSHder? neR@r FaRepBANReYn| t BCh PRI HG AN PaF 27 £F e8XPs 3160
s ran ], onee poportlon,al saig st ve 1y Loy e o
Catm 220 AHHE ik PBThor BPoReBE 5378 AhaRAT T ol LEE2L Shahitnder
Tospecti vel TUA ATl BSE FOFr i oPed Sl othode (HERA T Jo8 sLards dka o
whor o i Saf darBsbary 80 moR By S BnybR, LABUIRST S ASAELLd IO

T 2% BB P LA S ons B oMHOLZ . neon, HEE) SRl
Supply of ligquid during conditioning is absolutely essential,
and the type of liquid, for example, such as water should
serve to cool the conditioning tool and sweep the released

10 particles away.

Operating parameters when using a blanket wafer, for
example, are: rotational speeds of abrading plate
table/substrate at 50/35 rpm respectively; pressing pressure
for substrate at 500 g/cm’ which is equivalent to wafer

15 polishing surface; water flow rate at 200 ml/min; and total
polishing time of 10 minutes approximately.

Other methods include a method wusing a brush 25,
instead of the blanket wafer, for washing the abrasive
surface 15 with water (refer to Figure 17A), or a method

20 using a brush roller 26 and water (refer to Figure 17B).
These methods are effective in removing the residual
abrasive particles and producing a suitably roughened
abrading plate (involving a roughness of less than +30 um).
Operating parameters are, for example, rotational speeds of

25 abrading plate table/brush at 20/12 rpm, brush pressing
pressure at 200 g/cmz, water flow rate at 200 ml/min, and a

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

soft tip made up of fibers of less than 1 mm diameter, which
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5. An abrading plate for polishing a sem conductor wafer having a g@rﬂmim
Wi ring pattern thereon to produce a flat and mrror polished surfate, sali
abradi ng pl ate conprising abrasive particles having a chem cal purity of
nore than 90 % a binder material, and a porosity. 10 6. A nethod for
polishing a sem conductor wafer having a circuit wiring pattern thereon to
produce a flat and mrror polished surface, wherein said nethod is

conpri sed by nstagedinasdrpek nged! sdeinsthittie abudises sabrfasieve spantiilel es
having a chemi cal purity of nore than 15 90 % a binder material, and a
porosity. Flowimet kodl ageid dWngstah ckhai makter 6o whearceien Bhseceiddaskdge
polishing is further carried out by using a polishing cloth after said
first stagebposivhi parusiles said 20 abrading plate is finished. 8. A nethod
according to claim~ or 6, wherein a second stage polishing is further
carried out by usiIRy amssbedd arsatl ngnplEedaf PEESSEre Rppdiedt dge a
poJ.ishing using 25 said abrading plate is finished.. 9. A nmethod according
to claidm &'%keB, IfKerdl n(E8EET pdici ShiFFS sl éat r PEd W3 e digssrRg an

abradi ng surface 3 0 AUG 200l . .
ejected from an ultrasonic source 28 (refer to Figure 17D)

are also effective. Water Jjet 27 should be used at a

pressure of less than 5 kPa or more preferably less than 2

kPa to remove the residual abrasive particles and to produce

10 a suitably conditioned abrading plate having a roughened

surface (involving a roughness of X 30 um). Excessively

high Jjet pressure should be because it avoided not only

removes the residual abrasive particles but also fractures

suitably roughened abrading surface to be smoothened, which

15 may negate the dressing =sffects by the semiconductor device

patterned wafer. For the same reason, the operating

parameters such as frequency and intensity should be
carefully selected to operate an ultrasonic jet 28a.

Operating parameters for the particle removal method

20 using ultrasonic fluid are, for example, frequency at 20 kHz,

output power at 50 W, a conditioning time of several minutes

and a flow rate at 200 ml/min. To effectively treat the

entire abrading surface, it 1s desirable to move the

ultrasonic transducer hone 28 to reciprocate between the

25 center and the edge of the abrading plate 15 at a separation

distance of 1 mm or less than 1 mm. Water jet such as

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

methods are effective in removing the residual abrasive
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-500f said abrading plate so as to produce a m cro-rough surface stpyugiFuiR
thereon. Z0. A nethod according to claim4 or 6, further conprising:
dressing an abradi ng surface of said abrading plate so as to produce a
finely roughened surface structure thereon; renoving xel eased particles
adhering to said suxface; 10 and polishing said object. 11. A method
according to claim4 or 6, wherein said polishing is carried out while
concurrent | ywadxessliayy &n I calucadi ag ssurtfardy ofowsgichabr adrigepl at® sheas
to produce a finely roughened surface structure thereon. 12. A method
accordi ng t FRAIRY phate  Wsrgin &Y fFsls sivvsgnies sc ar iled sotharhit 80
supplying a liquid not 20 containing abrasive particles so as to generate
free abrasi v(é“‘gart | f S T e dseRR ¥R SBAY ROF o Ny EERPEeetdP sgpddual
abrading plate. 13. A nmethod according to claim 12, wherein said 25 |iquid
not evnt ai niGfg- SRS AP IFE M| S8 Lt CEBer POt a2eRBni EARCEBEAL | SA1tARIYA
nmet hod accordin Egﬁflain1§_or 6, wherein said 19. A nethod according to
claim 17: VWF&@HE d 23BRE4PFe PRFTRCTF eLToPRi sBPHREMRY | BAAT D& C0f PE

Si ox, AIZ~3w-Z§gEe C~z and Mz~3, and said binder conprises a~ at J.east
g one o~ pheﬁg} rest’ns, urethane resins, epo~ry res~.ns) and pol yvinyl

al cohol resins. ng;%égﬁfgﬁ%fgﬁg&?g¥%é%g%§ﬂﬁgfhap 'edg]ggtgrggggsglaim

19, wherein said p shing e _ sa~. d abradi ng pFate
and i quid GfpWi&lg Y1Re" PeA36hi8Q) Yelt@Ncan be stabilized for a short

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

25 micrometers.
Next, an outline of the process for manufacturing the
abrading plate will be described. 1In general, the process

is a dry pressure shaping accompanied with concurrent heat
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Wi t hout using abrasive sJ.urxy containing abrasive parta.cles.

abradi ng plate according to claim3 or 5~, where~.n said abraS|ve 5ﬁ¢ﬁp@?@%
conprise at CeQZ. 15 2~. An abxading plate according to claim3 or 5,
wherein Na concentxation in the abrasive particles is kept bel ow 100 ppm
20 23. An abrading plate according to claim3 or 5, wherein saa.d
polish~,ng iis carried out by using said abrading plate with supplya.ng a
liquid nit &8ntaiHihgPEBSdESeSpaPingcpaesompanied, WAW%HQRRFQﬁﬁﬁﬂHahﬁ@tto
claim9 ar 5, wherein said abrasive particles conpxise q~ 3 0 au~
700z -52poIF§ﬁ?ﬁ@eP§ caﬁ?h%&lEE@C%®SuéPHngﬁﬁdaa&ﬂ%ﬁQﬂEHﬂaﬂ%¥%§w@ﬁwgﬁﬁ of

abr asi ve par |c es havi n not nore t article S|ze a blgder and

a porosity. 52 /K et fod (,tdtﬁltﬁsngariég 2l Q?‘ﬁ?ﬂrof’ a \fHerd

is filled into a cavity of a press mold. The mixture is
5 compressed and heated to a certain pressure to produce an
abrading plate of required dimensions with concurrent heat
treatment. Heat treatment is used to soften the binder to

promote adhesion to particles and formation of a strong

matrix.
10 Other methods include a wet method for fabricating
abrading plate. An organic solvent (for example, ethanol)

is prepared in a container, and a binder such as polyimide

resin (liquid or powder) is dissolved in the organic solvent,

to which are added abrasive particles. In this example,

15 abrasive particles, CeO,, are added in a ratio described

earlier, and the liquid mixture is stirred with a stirring

device to produce a feed mixture having uniformly dispersed
abrasive particles.

The feed 1liquid, having the particles uniformly

20 distributed in the binder, is poured into a tray and heated

in a vacuum oven to drive out the volatile liquid at 50 °C

for two hours, for example, to produce a solid precursor.

The precursor 1is pulverized to produce a pulverized powder

of binder resin adhering to the abrasive particles. This

25 powder is filled in a cylindrical container and pressed from

above to produce a solid preform. This pressing operation

determines the shape of the abrading plate. The compressed

solid preform 1is heated in an oven to soften (gel) the

35



abradi ng plate according to any of clains 1 through 3 is used to pexform
said polishing. 16. A nethod according to claim4 or 6,_ said 10 neghqg 700
further conprising: polishing said object by using an abrading plate for a
determned tinme priod, a proportion of abrasive particles, binder materi al
and porosity in said abrasive plte is 1060 % 3060 % and 10'40 % by

vol ume, respectively; and |5 further polishing said object by using a

pol i shing clltnderi7and gaufed idcclor dfwget socltdiem innes adhedingt kod the
conprising by: 20 polishing said object by using an abrading plate having
abrasi ve parisigherifihdaPraaiEe RaEhide T osi tYhis PIOFESS oPrefugasd a
abrasive particles, binder material and porosity being 1060 %_ 3060 % and
1040 % by volWHRNI rARENY B2 L5 ORPY 18 §7 (o A RIS Mp&to-<iSs monded
wherein said abrasive particles conprise of Ce02 and sai d binder conprises

of polyim de% ésiifSin PH-INITAGEE 138325, A nethod according to claim4 or

6, mhere%n Na The abrasive particles in such an abrading plate are

distributed in the matrix material containing a given amount
of porosity (opening), and are inter-connected by the binder.
It is thought that the porosity or opening is formed by air,
which is incorporated in the pulverized powder during the
10 process of pressure shaping the solid intermediate.
Therefore, the volume ratio of the porosity in the matrix
can be controlled by the compression ratio in the pressing
operation.
It would be evident that, although the embodiments
15 were illustrated using Ce0O, and polyimide or phenol resin,
abrading plates exhibiting the self-stopping property can be
produced using abrasive particles and binders that were not
included in the description given.
As described above, the polishing method described
20 above has an advantage that only the raised regions are
quickly removed initially to facilitate planarization, but
that using an abrading plate of a certain composition range,
polishing does not proceed further. However, there are
cases that requires removal of further material to reduce
25 film thickness. Such additional material removal after the
surface has become flat cannot be carried out using the
polishing method described above. Therefore, the present

method of polishing is comprised of two stages: a first
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concentration in the abrasive particles is kept bel ow 100ppm 26. A net hod
according to claim4 or 6, wherein said polishing is carried out by LADR 02
said abrading plate with supplying a liquid not containing abrasive
particles. . A .A.A AL A Af{. AyF. A@ A& . A{ . A
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10% & () -, t!shodfaed ) -nBpmBi/all0;: du) %t ()wdrKlio &'of) - the self-stopping
710% & ()-,5!/10% & ()-)$10% & ()-Z ! XL) $109%' ()-Z WIB
10: | sMp10% \ERgthom XsME109% \ 1\ & () - Y1! SsMb10%g\ g\ & () - Y1! I VéMB10%\ ]\ & () -
Y110 & () - For this reason, first, polishing time is controlled
so as to recognize that the 1irregularities have been
20 eliminated. Then, in the second stage polishing shown in
Figure 18B, additional polishing is carried out by replacing
water with a polishing slurry containing a large amount of
free abrasive particles. Slurry Q of the same type as the
ones used for conventional CMP is supplied from the nozzle 9.
25 For example, SC-1 (trade name for the product of Cabot
company), which belongs to a colloidal silica group, is

suitable. The slurry contains a large amount of normal

polishing abrasive particles, and facilitates surface
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material removal at high polishing rate, as in the
conventional CMP.

Figure 19 shows steps of the polishing process
schematically. The first stage 1s used only for

5 planarization, and the abrading plate is used to quickly
level off the raised regions. After the irreqularities are
eliminated wusing the abrading plate, polishing rate is
reduced rapidly, so that the polishing time in the first
stage is controlled by allowing some extra time in addition

10 to the time required to eliminate the irregularities. The
second stage polishing is aimed to remove a specific amount
of surface material, and is carried out by using the same
abrading plate with an abrasive slurry supplied from the
nozzle in the polishing interface, as shown in Figure 18B.

15 The polishing rate is determined by the type of abrasive
slurry used, so that the desired film thickness Ax can be
obtained in a relatively short time. Because this phase of
polishing is started from a flat surface, CMP can provide
uniform polishing over the entire surface of the

20 semiconductor wafer and a high quality uniformly polished
surface can be produced.

A given thickness of residual film can be achieved by
time based control and film thickness based control. Figure
20A shows an example of time-controlled polishing method

25 using the abrading plate shown in Figure 18A, and the
process is continued to time Tl to produce a flat surface.
Accordingly, planarization over the entire surface 1is

achieved. After then, supplying the slurry from the nozzle
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10g+ ’}""’Asz8g¥69§%ggog@§bg2'p%?i%ging time can be determined by the
type of slurry being used, therefore, it 1is possible to
remove surface material while continuing polishing to a

5 given time. Figure 20B shows an example of film thickness
based control method. By polishing the substrate using
abrading plate with the apparatus shown in Figure 18A, the
polishing results in elimination of irregularities to
achieve a uniformly flat surface having film thickness Al.

10 Additional polishing using abrasive slurry is carried out
while monitoring the film thickness so as to obtain a film
thickness A2 wusing the apparatus shown in Figure 18B.
Because the process is controlled by monitoring the
thickness, an accurate film thickness can be obtained. .

15 The process of switching from polishing with “liquid
not containing abrasive particles” in the first stage
polishing to polishing with “liquid containing abrasive
particles” in the second stage polishing, 1is operated
according to a flowchart shown in Figure 22. The process is

20 controlled by operating the opening and the closing of
electromagnetic (em) valves X1, X2, Y1, Y2 shown in Figure
2l. For example, initially the valves are in the initial
stage of opening and closing shown in Figure 22, and the
solution is circulated between the delivery piping and the

25 storage tanks (TKl, TK2). In the first stage, each valve is
placed in the first stage condition shown in Figure 22, and
polishing is performed using only water W supplied from the

nozzle 10. The first stage is controlled based on time, so
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time of ending the second stage polishing 1s controlled
either by time or film thickness, so that the process is
ended when time T2 shown in Figure 20A or film thickness A2
10 shown in Figure 20B is obtained.

Figures 23A, 23B show the second embodiment of the
polishing method. Figure 23A shows a second stage polishing
apparatus used for the first stage polishing using the
abrading plate, and Figure 23B shows a polishing apparatus

15 having a diamond dresser 16 added to the apparatus shown in
Figure 23A. Diamond dresser 16 comprises fine diamond
particles of about #200 particle size embedded in the
abrading surface of the abrading plate 15, and performs
conditioning of the abrading plate 15 using water W. As

20 illustrated, on one location on the surface of a rotating
turntable 5, polishing of wafer W is carried out by abrading
plate, while, on the other location, dressing of the
abrading plate is carried out by pressing the dresser 16 on
the abrading surface of the abrading plate while supplying

25 water W from the nozzle 10.

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

using the switching apparatus shown in Figure 24 according

40



10! K#$LOYKHKHE () - !\ #$10% H H& () -! #10%H&' ()- ! X#109XHXH&' () -
3MLO%HE () - ! #10%HH&' () - HHOI m ul x1 y1 zI {1 aVK@ 10! k 10H 10H 30 AUG 2002
10H=10%H& () - S710%4&' () -f5! 10%& ()-!t 1$10%4H& () -0 10%4&' ()-{111hI{I#KK}[ 9
VK@ 10!!°$10% 0’ 0& ()-)! X[ " $10%08& ()-) $10% & ()-)![, '10% 0' 0& ()-![,
! 10% 0' 0& ()-'10% 0& () - K- Lt LLM MNWIBVK@

"$10% 0' 0&' ()-) ! X $10%0& ()-)! $10%.0' 0& ()-)! Se” $10%0zQ& (). 'a $10@©
o&'() ) 1\ W §209858 ¥32Y RN NND(SJ\GU@G 35" SFo? example, id '8

111 Ls3#10%45¢ 3#100 AHgnL :

=10% o& () - ﬁ%*@fo&&% M%%M%s Cilf"{‘%.ﬁ%% ?—«F%&Pg)aced in the
! 9 ! ok Hk ! %Hf 1 £ [ $100 ]
(151061 & (1 (*Fémﬁ'?’“?%st\%aw( (3587 H P Glirel  2E 1O (Ui

(1 f$10% f &

el $10%&' i#§§¢9§ ?éﬁEQESQ #%E 8§1Q§®b£iyt9aggf6§'%}omlgﬁglg3kzle 10

10H3=10%' )
5 by placing the condition of valves and dresser as shown in

the first stage polishing in Figure 25. The first stage is
controlled based on time, so that when time T1 shown in
Figure 20A has passed, polishing is stopped. Thus, the
second stage polishing is started after detecting that TI1

10 has passed. The second stage polishing operation with
concurrent dressing operation 1is performed by supplying
water W from the nozzle 10 and abrasive particles generated
by dresser 16, while placing the valves and the dresser in a
second stage condition shown in Figure 25 by the switching

15 apparatus. General operating conditions for the dresser 16
are approximately: rotational speed of 30 rpm; and polishing
pressure of 50 g/cm’. The time of ending the second stage
polishing is controlled based on either time or film
thickness, so that the process is ended at time T2 shown in

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

Figure 26 shows the third embodiment of the polishing
method schematically, and Figure 27 shows a plan view of
the apparatus. A wafer 4 that has been performed through

25 the first stage polishing using the abrading plate 15 shown
in Figure 26A is transferred to a conventional CMP apparatus
shown in Figure 26B using a polishing cloth 6 and slurry

containing abrasive particles through a conventional
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$10%&T() %PffffHQH?Aaggi it may be used in a combined manner with the

polishing apparatus comprising the abrading plate so that

5 both may be used in a complementary manner. Namely, because
of the self-stopping function of the abrading plate using
water or chemical solution, surface material removal will
not proceed after the irregularities are eliminated in the
process of polishing even in a subsequent polishing process.

10 On the other hand, since polishing cloth of conventional
chemical mechanical ﬁolishing has elasticity, CMP using
slurry will remove surface material from both raised regions
and depressed region so that it has a drawback that height
difference is difficult to be reduced rapidly. However, the

15 conventional CMP has an advantage that even a flat surface
can be polished at a higher polishing rate, and a highly
flat polished surface 1is obtainable. Therefore, in
accordance with a combination of first stage polishing using
abrading plate with water or solution without abrasive

20 particles, and second stage polishing using a conventional
CMP with a polishing cloth and a slurry including
sufficient abrasive particles, a flat surface having
residual film thickness of a desired value can be obtained
in an overall short time duration on a substrate surface

25 having irregularities thereon. The process can be

controlled, as in the embodiments described above, by the

time based control or film thickness based control methods.
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10\ <10% & (p?olls 110r10{;& ! gélppalita?’ I}SUV#XzyyXJngXNBa polishing cloth 6 are
laterally placed in a common polishing room 78. The first
5 apparatus 71 performs polishing using an abrading plate 15 a
with a self-stopping function while supplying water or
chemical solution from the nozzle 10. The second apparatus
72 performs chemical/mechanical polishing with slurry which
contains an abundant abrasive particles supplied on the
10 cloth 6 from the nozzle 9. 1In this facility, the wafer 4 is
delivered through the delivery opening 73 and is placed on a
transport table 70 disposed inside the polishing room 78,
and is polished by the apparatus 71 using the abrading plate
15, and after the surface has become flat and. the height
15 difference is eliminated, the wafer 4 is transferred to the
apparatus 72 for additional material removal through a CMP
process. In the apparatus 72, an abrading plate can be
installed for additional =surface removal and finish
polishing. The second abrading plate in this case should
20 have finer abrasive particles and higher porosity ratio than
the abrading plate 15 in the first apparatus 71 so that the
free abrasive particles are more readily self-generated from
the abrading surface. The hardness of the binder of finish
abrading plate should be lower than that of abrading plate

25 15.
Figures 28, 29 respectively show an internal
perspective view and a plan view of an apparatus 80 having a

turntable having a polishing cloth 6 and an abrading plate
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to the cloth 6 and additional surface material removal and

5 final polish operations are carried out by supplying slurry

Q from the nozzle (not shown).

As shown in Figures 28, 29, because of the center
section and peripheral section created by the concentric
arrangement of the abrading plate table and the cloth table,

100 there is no need to provide two turntables even when first
and second polishing stages are involved. The apparatus is
compact, and only one motor is required for both operations.
Also, as shown in the figures, to avoid mixing of the
liquids used for the abrading plate polishing and the 'cloth

15 polishing, that is, water or chemical solution and slurry, a
discharge groove 8lis provided therebetween. In this case,
the center section is used for the abrading plate 15 and the
outer section is used for the cloth 6, but this arrangement
may be reversed so that the center section is used for the

20 cloth 6 and the outer section is used for the abrading plate
15. Also, the center section and the outer section may both
have the abrading plates so that surface leveling and
additional material removal can be carried out at different
abrading plates as needed.

25 Figure 30 shows an overall view of the facility which
is suitable for an embodiment of the polishing apparatus of

the present invention. The apparatus comprises a polishing

section 130 and a cleaning section 150. The polishing
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and a workpiece handling device 143 placed lateral to the
polishing unit 137. In the washing section 150, two
transport robots 101 movable in the direction of an arrow G
are disposed in the center region, and on one side of the
10 robot line, primary and secondary washing devices 155, 157
and a spin dryer (or dryer with washing capability) 159 are
disposed parallel to each other, and on the opposite side,
two workpiece inverters 161, 163 are disposed parallel to
each other. A cassette 165 containing unpolished wafers is
15 disposed in the 1location shown in the figure, and the
transport robot 101 on the right removes one wafer at a time
and hands it over to the inverter 163, which inverts the
wafer. The inverted wafer is passed from the right robot
101 to the 1left robot 101 and is transported to the

20 workpiece handling device 143 of the polishing section 130.
The wafer on the handling device 143 is held on the
bottom side of the top ring 135 of the polishing unit 137
moving along the dotted line, and is transferred above the
turntable 133 to be polished on the polish surface 134 of
26 the rotating turntable 133. Polished wafer 1is again
returned to the handling device 143, 1is passed to the
inverter 161 by the left robot 101, and is washed and

inverted thereby. Then, the polished wafer is washed by the
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133 following the dotted line, and presses the rotating
dressing tool 139 to the polish surface of the rotating
turntable 133 to perform conditioning of the polish surface
134. It should be mentioned that the structure of the
10 turntable 133 can be any of the self-turning type, scroll
type or cup type.
This polishing facility can be used inside a cleanroom.
Because the polishing unit produces an abundant amount of
contaminating substances, the entire polishing apparatus
15 should be contained in a closed housing, and the mist and
dust particles produced from the polishing section and
cleaning sections are exhausted by an exhausting device, and
chemical filters are disposed in the ceiling for supplying
clean air into the room. The pressure inside the facility
20 1is kept lower than the pressure in the surrounding region
(cleanroom), so that contaminated air, mist and dust
particles would not leak outside of the facility. Abrading
plates are made of particles of high purity, and particle
contamination is prevented by washing and drying the
25 polished wafers before returning them to the wafer cassette,
and therefore, contamination by metallic contaminants and
particles is avoided and the atmosphere in the cleanroom is

not contaminated.

46



10\ 10\ 10\ <10% & ()-Ss9"!10% & ()-!LS5 110%\ & ()-wxXVB70!! 10M 10M
10M <10%v&' ()-!a9$10%&' ()-"!\RI$10%&' ()-"!a9$10%& ()-"!a9$10%& () - "F¥RVYEBTN
11 f $10985S58&' () -

$10%& ()-!\ Mb1098 51 5& ()-! SCMb10%@B@B& () - ! SMBL0%UB@BE&' () -' S109B& ()-{\:0!!
|1 fL$10% Hf H& ()-3L' 10%4& ()- 105 105

105<1096& () - ! k$LOWXEX5& () - ! $109658&' () - 2/ WU3{\ : 0! KL$10%KHKH& () - 3! aL$10%H
aHg' () - 3! LSL0%HE' () - 31t LS10% Ht H&' () - 3! f L$1096 Hf H& () - 3! f VL$L10% Hf K& () - 3!
f ~\:0'k!\' $10%\ p\.& ()-S3! XV $10%\1\ & ()-s3!'S $10%g\ g\ & ()-s3"' 10% & () -
10H 10H 10HEPOUASETAAL PoRkNg2dLliGy 10\

10\ <10% & ()-!f' $10%\ z\ &'% -s31kC $1o%\&'% p' $10% \ & %) s3!f' $10%\ z\
& ()-s3! ) }zX6MBAG! | PESEGHN NLBVENLAPPes PEOTL e& (FD31 3R89, » Blefes k
&$109E" E"& () - 3! ag$

& ()-3' 10% G, o:'fgft%m%%ﬁ'rst‘ﬁ?@’e/%& N FRBARB X & ¥Y - 38PhiBoF &g - the

5 proportion of abrasive particles, binder and porosity in the
abrading plate. A polishing apparatus using the abrading
plate exhibits rapid leveling of the surface, but after the
surface has been leveled, further material removal does not
occur. Therefore, the process can be controlled by

10 adjusting the polishing duration and the surface uniformity
is improved. Adopting the first and second stage polishing
method of the present invention enables to quickly eliminate
the irregularities in the first stage polishing, and, in the
second stage polishing, surface material removal can be

15 achieved uniformly on the entire surface by polishing under
condition of high concentration of freed particles. The
combined polishing process produces a flat surface quickly
while controlling the thickness of the remaining films by
removing the surface material uniformly from the leveled

20 wafer. The polishing method 1is therefore applicable to

precision polishing of semiconductor device patterned wafers.
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object having raised and depressed pattern thereon to

5 produce a flat and mirror polished surface, said abrading

plate comprising abrasive particles having a chemical purity

of more than 90 %, wherein said abrading plate comprises

said abrasive particles, a binder material; and a2 porasity.

10 2. An abrading plate according to claim 1,
wherein a ratio of said abrasive particles and said binder
material is 1l:x, where x is not less than 0.5 by volume (the
binder material per 1 unit of the abrasive particles is not
less. than 0.5 unit), and a proportion of said abrasive

15 particles, said binder material and said porosity is,
respectively, not less than 10 %, not more than 60 %, and

10~40 % by volume,

3. An abrading plate according to claim 2,
20 wherein said proportion of said abrasive particles, said
binder material and said porosity is 10~60 %, 30~60 %, and

10~40 % by volume, respectively.

4. A method for polishing an object having a raised
25 and depressed pattern thereon to produce a flat and mirror
polished surface, wherein said method is comprised by using

an abrading plate, which comprises abrasive particles having
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abrasive particles having a chemical purity of more than

15 90 %, a binder material, and a porosity.

7. A method according to claim 4 or 6, wherein a
second stage polishing is further carried out by using a
polishing cloth after said first stage polishing using said

50 abrading plate is finished.

8. A method according to claim 4 or 6, wherein a
second stage polishing is further carried out by using a
second abrading plate after said first stage polishing using

95 said abrading plate is finished.

9. A method according to claim 4 or 6, wherein said

polishing is carried out after dressing an abrading surface
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removing released particles adhering to said surface;
10 and

polishing said object.

11. A method according to claim 4 or 6, wherein said
polishing is carried out while concurrently dressing an
15 abrading surface of saild abrading plate so as to produce a

finely roughened surface structure thereon.

'12. A method according to claim 4 or 6, wherein said

polishing 1is carried out while supplying a liquid not

20 containing abrasive particles so as to generate free
abrasive particles released from said abrading surface of

said abrading plate.
13. A method according to c¢laim 12, wherein said
25 liquid not containing abrasive particles is water or a

chemical solution.

14, A method according to claim 4 or 6, wherein said
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' 20 A method accordln to Che 4¢ Clajip 17 through
“lajpy 19, wherein Sa polish n Arrig oy uaing
10 Sajqg abrad.l g qte ang 1quig of Wate,. or hemical solution
1thoy using braswe s Uzrry containing a rasive partlc.les
21, an bradlng blatg ccord'ng to cla.zm 3 or 3,
wherein Sajg abras:.Ve parncles Comp . Se of CSOz.
15
22 an brading Platg accordlng to Clain 3 or 3,
wherein Ny one ntr:atio in the abrasive particles is ept
below 190 Ppm
20 23 An abradin late accordln to Clajp, or 3,
here;n 24 polishing is arrled Out AY using Sajg bradin
Platg With spplying llqlud no ontaining a ras.zVe
partlcl
25 24, a Methay ccoéding o sy 4 op 6,
abrasiVe particle compr.r.se of Ceoz.
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polishing is carried out by using said abrading plate

comprised of abrasive particles having not more than 0.5 um

particle size, a binder and a porosity.

15. A method according to claim 4 or 6, wherein said
abrading plate according to any of claims 1 through 3 is

used to perform said polishing,

l6. A method according to_claim 4 or 6, said
method further comprising:

polishing said object by using an abrading plate for a
determined time priod, a proportion of abrasive particles,
binder material and porosity in said abrasive plte 1is
10~60 %, 30~60 %, and 10~40 % by volume, respectively; and

further polishing said object by using a polishing

cloth.

17. A method according to claim 4 or 6, said
method comprising by:

polishing said object by using an abrading plate
having abrasive particles, binder material and porosity, a
proportion of said abrasive particles, binder material and
porosity being 10~60 %, 30~60 %, and 10~40 % by volume,

respectively.

18, A method according to claim 17, whereln said
abrasive particles comprise of Ce0O; and said binder

comprises of polyimide resin.
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25. A method according to claim 4 or 6, wherein Na

concentration in the abrasive particles is kept below 100ppm.

26. A method according to claim 4 or 6, wherein said
5 polishing is carried out by using said abrading plate with

supplying a liquid not containing abrasive particles.



