: Oy Rvopy 6y Ty €27 AUG 2002 APPARATUS AND METHOD FOR Pajf A%
WRKPM% \ ‘ MIUND OF THE | NVENTIAN Field of the Invention: h

prese C on relates to an apparatus and nmethod for polishi ng

wor kpi ece*c®¥¥ nore particularly to an apparatus and nethod for polishing a
wor kpi ece such as a sem conductor wafer to a flat mrror finish.

Description of the @&@Jﬁrt: ﬁﬁﬁ@eg rapi d S | sem conductor
device integration Rl &E e ng)rL ‘\ﬁ%%ﬁ@

i nt erconnections and al so narrower spaces betmeen |nterconnect|ons whi ch
connect active areas. One of the processes avail able for form@ﬁmsuc

[nterconnect i on i 15 phot obi s aRlivor TagePbeyehie aqer o c MR

requires that surfaces on ern i nages are o be focu
st epper Qttel&:}e.cause t he depth of focus of the vuptdscal
systemi s r atrv y srra I's therefore necessary to nmake the surfaces

of sem gonductor waf eft?eféﬁésgr&ffﬂv&m@;t.@ﬁ'ff@?ﬁfé@hfo Qﬁe ?ﬁ%r%%rsy ¥Ry of

flattening the surfaces sem conduct or ers 1s to polish themwth a

pol i shing apPeHed Uor CGOHY E8H 1 R %a\%i‘k pBebB) i §Hanaoaap?a%tclieuha%1§ iy g @bl e
having a polishing cloth attached thereon, and a 25 fop ring for applying a

constant prgssaf£c e hhe tmEtHRb EorAp‘@qms(hQIﬂ@UCé OyotRbeecko fe-tpohisshed is
pl aced on the polishing cloth and cl anped between the top ring and the

turntabl e, ssnmiddredwserdmace tdr tde saliaconduratoar fsafiesh.on 1 2 7 AUG 2002
which circuits are forned is chemcally and nechanically polished, while
suppl yi ng aPgty it iep [afuitk delnttdte Adld shing cloth. This process is

call ed chem cal nechanical polishing (CWP). 5 The polishing apparatus is
requi réd to have suctR§RSTor HeARddl t MREOFIRS Ss urifia c ELTHIC U ESHI UG LGRS er s
have a hrgh“g accurate flatness. Therefore, it is considered that the

hol di ng sur¥3kRIration ( Aamppges sBAdlet: ace BaLiRy t%br?*’i‘ﬂgp\%ﬁr EHh ol s a

duct f nd th 10. sur f the palishi t h_whi ch
S hetd i n EBH R E TR s oHondBbtr WAREPOUBRA hEREEhE SUTIURS of

the turnt abl e .4 106 PRLLSHT b globi b aibachidss prelhrably haye a

hi ghly accura ness ng sur ace an e su ace o

turntabl e Whicdedd&s NSV o3 ACGUR-at ebynfihgt bave bﬁ%f@&%eééléé al $0

considered that the |ower surface of the top ring and the upper surface of

the tunst abpioseifiefeigbly pansd | photeleaabgehpaic aptosesh pesqlisds
surfaces have been used. It is known that the polishing action of the 20

pol i shing apipelr stwsfdseafdretieitmgatmnn bynages cord itgurtsd | Grs1sEd thie a
hol di ng surface of the top ring and the contact surface of the%I|Sh| ng
cloth, but sterpdry htheaas of at \as wisscilthe Hecseae the sibtghiaf ioish ahd

the sem conductor wafer, the distribution of pressure afjpl i,ed to
the optical 'system 1is relatively smal 1s therefore

necessary to make the surfaces of semiconductor wafers flat

20 for photolithography. One customary way of flattening the

surfaces of semiconductor wafers is to polish them with a
polishing apparatus.

Conventionally, a ©polishing apparatus has a

turntable having a polishing cloth attached thereon, and a

25 top ring for applying a constant pressure on the turntable.

A semiconductor wafer to be polished is placed on the

polishing cloth and clamped between the top ring and the

turntable, and the surface of the semiconductor wafer on



25 the surface of the sem conductor wafer which is being polished, the

amount of the polishing liquid on tHe polishing cloth, and the period b#UG 2002
time when the polishing cloth has been used. It is considered that the
surface of 2 F 2 7 AU 2002 the sem conductor wafer can be highly
accurately flat if the above factors which affect the polishing action of

the pol i shipng. apparatys car e%fggﬁégﬁ‘%? %gr R §k{ﬁfear§ cﬂn#gﬁgs

sem conduct or  waf er to be p wever, sone “of ove

can easily gﬂg&iz v.er ire sur f th j oqﬂHg or fer,
but the ot h%?l?act o’rsq%ét%ln%t Etb"gt?%%ﬁze%. oreselﬁlanr#)l gl, %Ee&re até vett\{\@

vel ocity b s hi : angds t; | SN sily
be equalize a\%ﬁ%ﬁt%t?he&%&% 3%123[ abl e lﬁd(:%tqﬂﬂe&fop rl%a%\?ﬁt %gﬁ%bniﬁ

rot ati onal §$m$ghfﬁ§1§¢Mﬁﬁp same direction. However, it is difficult to
equal i ze the anount” of the polishing liquid on the polishing cloth because
of a cestrifugal forceseipposeHing tbparalkushiing téquited 180 Thavaboyech
approach which tries to equalize all the factors affecting the polishing
action, i ncpewtsugnd dree filed thesise sswf £ 4 des | ofvegereiebeludtane, wafers thevdoh di ng
surface of the top ring and the upper surface of the polishing cloth on the
turntabl e, mighly hacentate Slaftanessof 2PBetrkfosepni dondsctawmsialeared otlpat
pol i shed poses limtations on efforts to make the polished surface of the
seni conductvre wapddingasurdpcen resul tihey lower fend usarfacgceodnpitishtep
desired degree of f]atness of the polishing surface. According to the study
of the inveRtd¥ s Which s hkd@fd hafemicoRdursREr YafPhice RRBI dFRg sWPPREe)

of 1 A0 L1108, 200, 108 PoLL IR, Sufase DS LULLEDLD e preferegl Y
e o AUl S d I8 B S S OB PO P 20T U5 R0
oS00, LA ED, Bouokche e el ot ARyt conduelond ool
action on apelegdreehy okadd z8dnahRayt HBE@Phte flatness, and the holding
surface and the surface of the turntable which are highly
15 accurately flat have been used. It is also considered that
the lower surface of the top ring and the upper surface of
the turntable are preferably parallel to each other, and
such parallel surfaces have been used.
It is known that the polishing action of the
20 polishing apparatus is affected not only by the
configurations of the holding surface of the top ring and
the contact surface of the polishing cloth, but also by the
relative velocity between the polishing cloth and the
semiconductor wafer, the distribution of pressure applied to
25 the surface of the semiconductor wafer which 1is being
polished, the amount of the polishing 1liquid on the

polishing cloth, and the period of time when the polishing

cloth has been used. It is considered that the surface of



In order to achieve the above object, according to a first aspect of the
present invention, there is provided 10 *an apparatus for polishing ?7AUENW
wor kpi ece, the apparatus conprising: a turntable having a polishing
surface; a top ring for holding a workpi ece and pressing the workpi ece

agai nst the polishing surface; a holding surface of the top ring for

hol di ng t her MOT k@ £6Snad b POl &ESY Sii face, halng A& del s Tpbl g1 0Yi £ bhd

havi ng vari able pressure; and a retainer ring foor retai ning the workpiece

within the fwebedngsdracewdfichhneat®Bcti Nthe t D INAMAIMET abkRSnPr 8FSi AHet he
pol i shing surface under a variable pressing force. According to another

aspect of thelpsesentapdat Mventd e, edel B2d$ PFé i glesl entetdoghf Plice of
pol i shing a workpi ece, the nethod conprising: holding a workpi ece between a

pol i shing stié asemDdomdddit ot abd BeBntb aodadsll ghedir f ace of a top ring;
pressi ng the workpi ece agai nst the polishing surface in such a state that
t he hol &di ng surface Zbodereihpl somg bdlie ther kyhewe factetsr vad temsaildesbeed
shape by fluid having variable pressure; and pressing a retainer ring for
retaini ng téguabiked ezeemi ting neithirdoduwlf fare wf adee cfenimoddypctongvafar nst
t he polishing surface under a variable 4 2 ? AUG 2002 pressing force.
FIG 1 showkeutheh®aetieprfactprescafinehebei egrahspedt ddoprexample nvehei on.
As shown in FIG 1, the top ring 1 conprises a top ring bodg@Z, and a

c

hol di ng pl a¥@l&tEve orVekP@ Ry LHEPR eclehe t POELFIRGhetLOCRych2Rd athe

sem conductor wafer 4. A chanber Cis defined between the top ring body 2

2nd the hol SPRLCPIAREERr SRRSF<CeBnAastol B8 SR Soice S H Tghiy

oo g Ry flashasid, B89 Soll Btk LN SRl AL RS SH0AE SRR

for holding;f hensedl GONGHELOE 1 SRT € udtidbdt Ne d WETq SHE{APR Lo Cequalize
the amount of the polishing liquid on the polishing cloth
because of a centrifugal forces imposed on the polishing
liquid.

15 The above approach which tries to equalize all the
factors affecting the polishing action, including the
flatnesses of the lower end surface, i.e. the holding
surface of the top ring and the upper surface of the
polishing cloth on the turntable, over the entire surface of

20 the semiconductor wafer to be polished poses limitations on
efforts to make the polished surface of the semiconductor
wafer flat, often resulting in a failure to accomplish a
desired degree of flatness of the polishing surface.
According to the study of the inventors, it is found that

25 the lower surface (holding surface) of the top ring and the

polishing surface of the turntable are preferably not

parallel and flat.



the wafer holding surface 3a of the holding plate 3 is disposed around the
outer peripheral portion of the top ring 1. A fluid pressure bag 8 177 AUG 200
conprising an annular tube is 15 provided between the retainer ring 7 and
the top ring 1. The fluid pressure bag 8 is connected to the fluid source 5
through a regulator R2. A turntable 22 having a polishing cloth 21 attached

t hereon is di sposed bel ow t heghgiakiy NOr logg henpehtgbing cloth 21
constitutes a polishing surface which 20 is brought in sliding contact with

the senmiconductor waf et 4sfenet8£6£8YaRObb§8ERJoE hEhECPLESBAECE ATNRiBN 4.
The top ring 1 is connected to a top ring Shaft 12 through a ball 11. The

top ring shabt pkdviigdecamegppairdtust dhdi depheds o Qdliieind dwbickpilkye
nounted on a top ring 25 head 13. The fluid pressure cylinder 14 serves as
an act uat or whachnovang ¢deilpp aamgeck vemtregmlllay,itdred | ®fcoanepbédshanghe
fluid source 5 through a regulator R . In the above structure, by supplying
a pressiizedtion 2n7 AU 2BP2etesi gushchasaa sepripoessedoai rwaftet heahtui d
pressure cylinder 14 fromthe fluid source 5, the top ring 1 presses the
sem conduct pplidhen AarkpdeqsolWistHedamagantiensikie polishing clatipriosnat he
turntable 22 under a certain 5 pressing force F1 for thereby polishing the
senm conduct BealaPelk ighitgeapgEdssi ag @ogéélFﬁdi %Ovaha@qieaﬁ?arggarapﬁng t he
regulator R3. FIG 2 is a schematic view showi hg the configuratiaon of the
waf er hol di ng surfacelBaP8feFhEChdfaLRYS18np| abevs. objegt ¢ agcorfdeng to

hor i t al [ t dj st f t.h t O of th

o . 3 afs SRR B RER bR BRLE LIS O Bl
ol din urface .l gng_an : as ne

t he co%ﬂ?tiéﬁ tﬁgkgfggs§af£?§ho é?%%ﬁ%hgfgge €g§E§£%SQfIaFLEInapgﬁgﬁQ%@S

condi tion, BEmBres$HE:Zed tf;‘hf'lixﬁaéfe SHRR4 h§d 4 Opd s ehREPSLrFacnd 4 h%og

polishing pressure 1§ not applied to the wafer” holdi ng” surface 3a whil

pol i shi ng Is.iﬁgt £8F f dloTedngbus i Reb QY iledd Neing s MESTWd Zgdrkbiiedesuch
as a conpressed air is supplied to the chamnber from20 the fluid source
5, the waf eagh@hdtngheupbadehdagokulrifackgl di npldiaie sitfacaryedthy aop
pressing force of the pressurized fluid in a convex shape in a downward
direction asisboviorbyhehdimgr vee" aforkpidda, 2th&hablidingt unédee belidigng
surface 3a defines a convex spherical surface. In 25 this condition, the
centrallpor dparvpblReb¥ehiludddhey bRIwHREL2RLPSPEPESYER bintha gekAaward v

convex hol ding plate 3 agai.nst the polishing cloth 21 in a_ ptessure _higher
Chan that abBiBedO8nEe RIS Shes AR G i b, b AELES: Bug ract

of the top ring, the retainer ring pressing the polishing
surface under a variable pressing force.

According to another aspect of the present

20 invention, there 1is provided a method for polishing a

workpiece, the method comprising: holding a workpilece

between a polishing surface of a turntable and a holding

surface of a top ring; pressing the workpiece against the

polishing surface in such a state that the holding surface

25 for holding the workpiece is deformed to a desired shape by

fluid having variable pressure; and pressing a retainer ring

for retaining the workpiece within the holding surface of

the top ring against the polishing surface under a variable



Z 7 AUG ZzOOZ Thus, if the anobunt of a material renoved fromthe outer
circunferential portion of the sem conductor wafer 4 is |larger than the
amount of a material renpved fromthe central portion of the seni cahtlddb 0
wafer 4, insufficient 5 polishing action at the central portion of the

sem conductor wafer can be corrected by utilizing deformation of the
hol di ng pl S the pressurized fluid. On the other hand, if the
anount of géﬁ%%%gﬁilﬁggﬁ%Ved fromthe central portion of the sem conductor
wafer 10 4 is larger g#fan thespRpdinkhel padml eprahcipiByeth £ r @met hei pyter
circunferential portion of the sem conductor wafer 4, the regulator Rl is
control | ed 4gpseduse Phasenessifvrerdidhe Piessubvaedd i, suppldrd £6pm
the fluid source 5 to the chanber C or to stop the supply of the

pressuri zedrihgi d omprikke chatdierrCngt bergby nedididat helwdahgr dicdtk ng
surface 3a of the holding plate 3 in the formof curve "b" or "c" shown in
FI G 2. sThefef oreoldhegpohi shibaRpheessur eocapplel egotld sthieel ,cerfucl pastian of
t he sem conductor wafer 4 is decreased and the polishing pressure applied
to the out eseRicendecndereatenl 4por i arthasfbarheC sési defidnedorbatafesn 4the
increased, in conparison with the condition caused by the curve "a". Thus,
i nsuf fici entoporirdilpedncs i dnd dihe oblirg platard erad | b$ gorReeRedf tohe
sem conduct or wafer can be corrected, and the entire surface of the

seni conduct®dr Thifdr SPYrFecin LI o} nkpIBdRESHed: - WiBR EA&SEdSpIBRDf 6t he
pressurized fl u%f to the chanber Cjs stop waf er hol di ng surface 3a

d, th
is curved duk PRIAULRFRaNG MF priestike i+ é}chﬁﬁ VR o xi SrheS TRt aRe7
2 7 A 2002 iL,recti h by th . "c".. That.is, th f
ol di ng urthc ERg LR Ln L fE.bIRE8n 2y eho pREPLARF EiPPaduidE i) dhafphbl o
hod i
Upwardry i ot EHEn PRy S S ReR T hitler 1 I AL RS it dec it Te.

the chamber e M fRs- eMéﬁ:‘é‘!Eﬁ?d i dhe F b b soyhee ﬁoﬁém?i-%f&é‘ sacygygm
punp. The shape or configurafion of the wafer holding surface 3a can be

nmade downwed g o S6H VEXOU KD NYIEX SRS | St 1 e f £IC Ego 1O i AIPVEE Ot ye COBY EXing
(concave spherical surface) or flat by 10 devel opi ng positive pressure
(pressure highen tftianidit ppepherec bagesducehnpoisnegataneapnedsur eeulgs essur e

| ower than atnospheric pressure) in the chanber C. The wafer hol di ng
sur f acd 53a pfoyheedobkgitigepl dile 3rebainer defiognet anda Wesi ted shase by

sel ecting material _and thickness of the 15 holding plate 3. Preferred
material s tBhBefsel@cPEGSFBESt RaTh8I dSnGoprgcéesr &0 ithe dnkstifbreRveFeof t he

i t i ich th [ i i t i , i - I St ant
orvi onrent 5.l Sh LIS B LN 10 SpRaralu 1 3oy SR O3 SD(gRLgten
SUS 316, et 1 Nj jy t in. i al .

SUS S10. 5y den Sy DLALI BRec ' 1 A 20 TBLOELRD UB A ping
thickness ofpd heo Pl g PIXE 16, cdhsCornpideration ofiddhesspf Lty fRAERASE

the interior pressure [gk? t he chanber (preferably, not nore than 0.1 MPa)

in the 20anggs dbrSudoe 8imMe 1 2dith Predet abt wathoUWhd LEm1eBnducesSe Wifer 4
austenitic stainless steel. In case of other materials, the thickness

shoul d be sgbectlesrety tdel beisisg ofharoskmisomniuetastwatidy, 4 whil e taking into
consideration the safety. 8
The top ring 1 is connected to a top ring shaft 12
through a ball 11. The top ring shaft 12 is connected to a
fluid pressure cylinder 14 fixedly mounted on a top ring
25 head 13. The fluid pressure cylinder 14 serves as an
actuator for moving the top ring 1 vertically, and is

connected to the fluid source 5 through a regulator R,.

In the above structure, by supplying a pressurized



2 7 AUG 2002 In parallel with correcting the shape of the wafer hol ding
surface 3a of the top ring 1, the retainer ring 7 presses the polishz?qwﬁzmz
cloth 21 under a pressing force FZ by supplying a pressurized fluid ch as
a conpressed air to 5 the fluid pressure bag 8 fromthe fluid source 5. In
t he present invention, the pressing force F1 exerted by the top ring 1 for
pressing thelgedi capshictay waf eompragaleast aihe pel i shengfLh o h Pdeosutde
turntable 22 is variable, and the pressing force Fz for pressing the 10
retainer rioglinégai nstfide phei shung sbakbe2$,i shel sopvarimpl . pddeses
pressing forces F1, FZ are variable independently of each other. Therefore,
t he pressi nghé¢ orsemfcondictor s wpfdr e t ocd heogpolpahisiged| dda sty the
retainer ring 7 can be changed depending on the pressing 15 force F1 which
is applied pylisieitgp aliotd 1280 qmeshe heusphabdaduz2 oundeirer a4 egatasn t he
polishing cloth 21. Theoretically, if the pressing force F1 which is

appl i ed Sby phessopgrifpgce tB, pfassthhesebypmponiditing wakersenbcridgctohe
polishing cloth 21 is equal to the pressing 20 force Fz which is applied to
the polishivaferoth 2They RYRSTEIAi RRECE| Ay 7is t Harniahdéedibyt ryeuitl ahing
applied polishing pressures, which result froma conbi nati on of the
pressing fobR@sCEIULFOTL iRs-conti nuous and uniformfromthe center of the

sem conductor wafer 4 to its peripheral edge and further 25 to,.an outgr
circunferential edge ©D¥Sthe 7 et &Fnerdri PP Sosed teMoundipyéng  the

' d f . i nal i ph ' f .
e ;égﬁd,‘iﬁi%én%’ﬂ“ﬁ?‘i%aﬁl?@‘:%f vt i e %%?%%%%L*%%‘%S%ﬁ%%l%}ngh
the.pol'Csii RS 5T ot} 21 Bohauee when TR V51T ARETS b Betwobre RE prasatng

force F1 ang;dbenPsesphnio ot el één!@fi?@) Ig¥r Hite BO1aihe Ry1essd ng,
force F1 is larger than the pressing 5 force'FZ (F1>FZ) . Tn"FI'G 3B, the

pressing fosge Fhd svBedityledalst adpiesemnessi 89 Hoigiet FA( Ehe wafer. In
FIG 3C, the pressing force F1 is snmaller than the pressing force FZ (
F1<FZ ) . Asoskdbmn sarEAES. 3Ant IMIaugh 3G luvdemtdelpngsaindg shbrtordask?
applied to the polishing cloth 21 by the retainer ring 7 is progressively

i ncreased, lheepbdbill shhaysckbehcendptéosedhby ithe netfemdro¥ding 7susface
progressively conpressed, thus progressively changing its, state_of contact
with tHe pet®pHéraflpbrti ot of hife UM oict 8P VREFRFSWrized, flpgd is
progressively reducing its area of contact with th eri pheral portion,_of
the sem contiRebToTafartte SHaMtors, horihe bt i ° S aeth RRE
pressing fo a ' f or i hanged .i.n var{d Qus; patterns,
t he distrib%%?%%g%fggoFﬂghgﬁéﬁ%#gg%ﬁ?%éfo%g%%éFéeggcgﬁﬁ&%t5§£5iﬂﬁﬁgﬁr£§
over its pegiph ion N T8 [ sQ Ganged i agi
patterns. iﬁsbghg&n%!fiogﬁlézlae g%?qaﬁeﬁlhle&%@g'siﬁ%%o?ce F1 is ll%}déefll?ﬁin
the pressinguéRrg&s BZcompreéked REPOId SHiHEL DESSEYT @ haPRihagthdrO d herom
peri pheral portion of the 25 sem conductor wafer 4 is |larger than the

pol i shi2ng ptkssyreaidppddecké o 5t,hethdnek fieegi ldindg heus€aiceonzluciodr waéer
4, so that the amount of a material renoved fromthe peripheral portion of
t he sem condotdiong waflerted i3s liar genrvddn hthe a pressing force of the

pressurized fluid in a convex shape in a downward direction
as shown by the curve "a" in FIG. 2. That is, the wafer
holding surface 3a defines a convex spherical surface. In
25 this condition, the central portion of the semiconductor
wafer 4 is pressed by the downwardly convex holding plate 3
against the polishing cloth 21 in a pressure higher than

that applied onto the outer circumferential portion thereof.



1. 0 2 7 AUG 200Z anobunt of a material renoved fromthe inner region of
the sem conductor wafer 4 while the sem conductor wafer 4 is being 2001
polished. As shown in FIG 3B, when the pressing force F1 is 5 27 AUG
substantially equal to the pressing force FZ ( F1 - FZ ) , the distribution
of polishing pressures is continuous and uniformfromthe center of the

sem conductmiudaf € 4HO ahSuRer bRhef ahaLdgeadNG udrider fdhmt RAcOWBEer
circunferential edge of the retainer ring 7, so that the anount of a 10

material resDv@en &t el SQFIreaBAUCHOr W¥Rd els i ilcd ndicitdm {hgayt he is

peri pheral edge to the inner region of the sem conductor wafer 4 while the
sem conductirg@f ercivhn Sthei ngmpehtshefl. Asmaltewialn Féfove&, fhen tilee
pressing force F1 is 15 snmaller than the pressing force Fz (F1<FZ), the

pol i shing presstak ppptied bd tthe pssmpletdic por t wateof 4t heirsant £ionckiet or
wafer 4 is smaller than the polishing pressure applied to the inner region
of the Senmpohihitirngy awtfieyn 4t dthe hsntteel goounitomnfofa thet eyémilcorshmytanr f r om
the peripheral 20 edge of the sem conductor wafer 4 is smaller than the
amount of dvagaRkrican r bRoveer Feohed hdy ndrlligdingn defohmasanncopfuctir
wafer 4 while the sem conductor wafer 4 is being polished. As described
above, accotUHng Piafee pt aHed Y mehtmesugiaed ifslusidpl ied to the
upper surface opposite to the wafer hol ding surface 3a of the hol ding flate
3 of the rop ring 1, Yhdthgt aghed tiaRd, t HE prRsameust He fI fiakgsta

| lected, ip th f iti to.11 2 .7 AUG 2002
hegat i ve presife t b oo 36y CREkEEnBOSHARE OF tHE REFHEONSRTY MATeEe 3a

downvandl y £0Dyexar upuRLdl XG0y, d 1 hl Spconaecti onyotis S canduct or

waf er Z} can be po erently by varying pressing tTorce tor

pressi g t gy 3001 FOMLCEOf - VBT Shofic 2GR1 B! £hiBe SR LBRMAG e, oMM AL A, the

outer circunferential portion and the central portion thereof. In sone
cases, the ggan ¥ NRfer chbntsoRQldds hed rémiele e qaidliddran dhathé he
waf er hol ding surface 3a of the holding plate 3 is made flat. 10 In

paral | el wipiledher obayefpaddessppliedpriassi nghé ofdtailZ safudde bettal netieri ng
7 disposed around the top ring 1 is determ ned on the basis of the pressing
force F1 ofchdmbenpCrongtd, shod the pobbiki od ithepgrfessmed ashl [Eluik to
retainer ring 7 presses the polishing cloth 21 under the 15 determ ned
pressi a§ f orke ¢hambppmt Cj s thegebyomasHing Wpervafen bpldhagssmrd@sfucidr
wafer 4 is cEgrformed under the shape correcting effect of the wafer hol ding

surface 3a By F12iPIEATPIVS t Vi pris e L fBgatS v prdssifi'e ORI |
as the shape eciing,effect of .the l.ishing cloth 20 21 by e retai ner
Fng 7. it THG ogtn arrEre e rid sty a O i B SR 1 tfy
corrected anthihe | g6aLisRd ot ed f QengEBRBLELOENSARNI 1Al 1R0TddOkad e
outer circuntferenti portion) of the sem conductor wafer 4 is prevented
from bei ng fed i shatk exerIsiswahy or pregdhikkCi eAppYied to  the  outer
20 circumferential portion of the semiconductor wafer 4 1is
increased, in comparison with the condition caused by the
curve "a". Thus, insufficient polishing action at the outer
circumferential portion of the semiconductor wafer can be
corrected, and the entire surface of the semiconductor wafer
25 4 can be uniformly polished.
When the supply of the pressurized fluid to the

chamber C is stopped, the wafer holding surface 3a is curved

due to a polishing pressure in a slightly convex shape in an



25 Acording to a second aspect of the present invention, there is provided
an apparatus for polishing a workpiece, the apparatus conprising: a27 AUb 2002
turntabl e having a polishing surface; a top ring for holding a workpi ece
and 12 2 7 AUG 200Z pressing the workpi ece agai nst the polishing surface;
a pressing surface of the top ring for pressing the workpi ece, the pressing

surface beiujg.lef cnrpbbeidy huishdiaving vasi ablrgepressur ernacf ligi,d the
pressure bag provi ded between the 5 préessing surface and the workpi ece; and

a retainer wafgr froyldatqisii it dd 8 avIdineee avddidaviehs phesy ildalg,sutface.
retainer ring pressing the polishing surface under a variable pressing
force. Accarfliing i® asoihelaspectavset bRepwasent hdQdinyesuirdace I8t eof s
provi ded a nethod for polishing a workpi ece, the nethod conprising: holding
a wor kpi ecectbet hetdiagp@liazki Ny sor fanereofupwavdhy abihe eandighpresidduee
surface of a top ring; pressing the workpi ece against the polishing surface
t hrough5a fthand tgreessarrds thiagn phownddy Hhebetumen "tdle rhes sihmgnksar fG o yand
the workpiece in such a state that the pressing surface for pressing the
wor kpi ece ike dsfaguded dya tWesifledds egyerdsy 5 [Q@mp HSiingg av siacaie gHessur e;
and pressing a retainer ring for retaining the workpiece within the top

ri ng agai nsii® heh#p¢i SKi FENsdPnLEaE 190 @fderher WaksabheldirdsisNg RGece3a
According to tgg%sec nd asgect of the present invention, the top ring has

charact eri ST3tsPRfMEfR EOPPYRAGIBf CANYBKr AGRIVF e SPAEFMRad SHAHRES) rot
Surtace 1 or WG IR k§PEBEE QSPDRRABRL b FUFS prasedtinti B

cont oL oA e ABILR Obe SRS B SR M

di scl osed linospheric pressure) or negative pressure (pressure lower

than atmospheric pressure) in the chamber C. The wafer

holding surface 3a of the holding plate 3 can be deformed in

a desired shape by selecting material and thickness of the

15 holding plate 3. Preferred materials to be selected for the

holding plate are, in consideration of the environments in

which the polishing apparatus is used, corrosion-resistant

and elastic materials, for example, austenitic stainless

steel (SUS 304, SuUS 316, etc.), aluminium titan, or resin

20 material such as polyphenylene sulfide (PPS) or

polyethelethelketone (PEEK). Preferred thickness of the

holding plate is, in consideration of the safety against the

interior pressure of the chamber (preferably, not more than

0.1 MPa), in the range of 3 to 8 mm, and preferably about 5

25 mm in case of austenitic stainless steel. In case of other

materials, the thickness should be selected on the basis of

modulus of elasticity, while taking into consideration the

safety.



2 7 AUG 2002 in, fox exanple, Japanese |aid-open patent publication ~lo.
5-69310, having a structure in which a menbrane is provided, i.e. 27 AUG 200
applicability of uniformpressure onto the backside of the workpiece.
Specifically, this top ring can apply 5 controlled pressure partially onto
the outer circunferential portion or the central portion of the workpiece,
and apply uniform presgysfrLNMO) e e id F e S A Ofs G0 P e Qb fer
Further, this top ring can control the region (W dth) of the outer
circunferenioBlip@rsiipRade BhRe grenthal toprtbiag af, tige 1@evankpBireGe g Mhi ch
pressure is applied. According to another aspect of the present invention,
there i s prevesess abhappal asnsnfoelpehi Shi ngderwer kidensing hEoapdarat kg
conprising: a turntable having a polishing surface; a top ring for hol ding
a wor kpi ecesamsll dbngpr as piregs stulrd 2war kfli ek agahnsts thecpmprebsad wnf ace; a
hol di ng surface of the top ring for holding the workpi ece; a retainer ring
for retainitlgetfituivdriopesoerav hdg B tfromotbe nblwid fssoerad 3he top ring; and
a pressing mechanismfor pressing the retainer ring against the pressing
surface 20 under a varhabhe prssgmy fiovestithe presspngsgeobanicrge F,
conprising a ring nenber vertically novably provided, and a space_for

al l owi ng flexertedi RY VEIe abPP pridssut e o HRreepblg ediheo §RREGORGRCEPRg
menber against the retainer ring. with the above arrangenent, even if_fthe
retainer 25W3f%g fsagd8LAsStt ﬁé‘%r@&sﬁ%%c%%ﬁﬁ%nﬂo?“p%@?si%qwlreet%? ner

ring can press the retainer rlzi__r}ge agai nst the_polishing surface under
A

desired presSi NQHGPHE 1and Ue8° 2862 St Abdve BFﬁEFlBHjeEﬁg,
feat ur g3, antgqu%Pt %%\e,r\}sg'; of the, plé&sent,d né?ﬂ's%nyhlélh@@h appar gat f{gomthe

foll owing déescrirpiron en taken in conjunction w e acconpanyi ng
drawi ngs whj gh; ik]ustratgs, pLef : poeegdigent s of the S | Ayeation
by way of gxgﬁ%+%% BRIEﬁﬁBE§%RIE%%%§ﬁ§% ?EEQEEENV%ﬁCB fcfg%gigyérﬁﬁﬁenatic
Cross-secti ph@épdh ISPV BJchBR BRBke .Pr TReBE8$Of thize drdsdimpPestcef
the present 10 invention; FIG 2 is a graph show ng the configuration of
the waf er hp) dimgcsurisicegyl idte hel dithg pballesafinghectophri py; By GSch8A,
3B, and 3C are enlarged fragnentary vertical cross-sectional views show ng
t he behavi orevdimed5rpolbi shi ngnclhe hchvhrget helapsinatiingnsdm p tihet weresaing
pressing force applied_bg atop ring and a pressing force applied by a
retai nd® rif@reée Var wBdchFlig applied sbierfdtd ctop eWisdows n§Ca PARSISe the

structure of a, olishing qggaratus according to an 20 enpodi nent of the
present i nvefRieprductor’ water 4 against the polishing cloth 21.

Theoretically, if the pressing force F, which is

applied by the top ring 1 to press the semiconductor wafer 4
against the polishing cloth 21 is equal to the pressing

20 force F, which is applied to the polishing cloth 21 by the
retainer ring 7, then the distribution of applied polishing
pressures, which result from a combination of the pressing
forces F,, F,, is continuous and uniform from the center of

the semiconductor wafer 4 to its peripheral edge and further

25 to an outer circumferential edge of the retainer ring 7
disposed around the semiconductor wafer 4. Accordingly, the
peripheral portion of the semiconductor wafer 4 is prevented

from being polished excessively or insufficiently.



FIG 5 is a cross-sectional view show ng the structure of the essenti al
part of the polishing apparatus according to the enbodi ment of the ot 8HeH?
invention; FIG 6 is an enlarged crass-sectional view show ng 25 the
retainer ring according to a nodified enbodi nent of the present invention;
FIG 7 is a cross-sectional view show ng the essential part of the

pol i shing apparatus acxey di 8@ tehddugh 23¢ AbkhafRieapt yels xbodbwenthef
the present invention; FIG 8A is a cross-sectional view show ng the

pol i shing appbist sy aslsyidi 21y Beharnad hatere dindivendt iafndihiep Weasesdn the
invention; 5 FIG 8B is an enlarged cross-sectional view of the essenti al
part of theppedsmig nfoapparat aadi Hhestprdsdingy fofee8R, EsGva¥Adds a In
cross-sectional view show ng the polishing apparatus according to other
enbodi nent BIGt h#A10tpeepemssiimgenfdmre Il G.s 9Brgerantbahartdged pressing
cross-sectional view of the essential part of the polishing apparatus

il lustratedforcdFIG (FIRFHI-G InOAIGs 3Berbbe-peessbnal forew BEhowl mpeahky 15
pol i shing apparatus according to still other enbodi nent of the present

i nvention; @l 108 ithearpeetatyedieress Fsedtfiiondl) vi edofFihe é§serthal

part of the poli shi n% apparatus illustrated in FIG 10A;, 20 FIG 11 is a
Cross- sect i%‘?%ﬁswcéw SRE® nr afSentBRftbeht GRRDWGFRR PEFEEENg TEGfanfsm

for pressin %Fretai ner ring shown in FIG 8 is provided in a conventi onal
top ring. 12*is a cross-sectional view show ng an 25 enbodi nent in

IO Ch 3 PSS9 R BT PR R G IR B 'S
showi ng¢an d&-ce r, applied to the polishing cloth 21 by the retainer
ring 7 is progressively increased, the polishing cloth 21
pressed by the retainer ring 7 is progressively compressed,
thus progressively changing its state of contact with the
peripheral portion of the semiconductor wafer 4, 1i.e.,
15 progressively reducing its area of contact with the
peripheral portion of the semiconductor wafer 4. Therefore,
when the relationship between the pressing force F, and the
pressing force F, is changed in various patterns, the
distribution of polishing pressures on the semiconductor
20 wafer 4 over its peripheral portion and inner region 1is also
changed in various patterns.

As shown in FIG. 3A, when the pressing force F, is
larger than the pressing force F, (F,>F,), the polishing
pressure applied to the ©peripheral portion of the

25 semiconductor wafer 4 is larger than the polishing pressure
applied to the inner region of the semiconductor wafer 4, so
that the amount of a material removed from the peripheral

portion of the semiconductor wafer 4 1is larger than the

10



2 7 AUG 200Z enbodi nent in which a pressing nechanismfor pressing a
retainer ring shown in FIG 10 is provided in a conventional top rihf. AU
14 is a schematic cross-sectional view 5 showi ng the basic principles of

t he second aspect of the present invention; FIG 15 is an enl arged
schematic cross-sectional view show ng the condition of the di aphragm
conpri si Ng zAndU @S SbAJap it rtia Wk sibpasi Erve phessifirerd Sragpbhedf lthd| G
16 is an enlarged schematic cross-sectional view show ng the condition of

t he di aphr agsmicmmiucsioly wapeessi nghplat eclted pbnitbondgatove wafessude is
applied; FIG 17A is a graph showing the distribution of the pressure over
t he surfaceéaing o Mefhesd when t he 15 di aphragm conpri sing the pressing
plate is in the condition shown in FIG 15; FIG 17B is a graph show ng the
di stribution of the presthown overFithe 3Ry fwlven ofhe heress bng whencehg, is

di aphragm conprising the pressing plate is in the condition 20 shown in
FIG 165 Flsmbsisantsiallschegualctor ddie spreesohng \foawes Hhwi (B FHa )easehen
whi ch a porous plate is provided on the |ower surface of the pressing

pl ate; Fl GSliSIOAiHELOMB @f e BOLEPRHRY i CPERBEYL8ECt L6nalCOMS WUANSshaithg
the operation of the top ring%to hol d the sem conductor wafer under vacuum

and FI G 19R3L0%HLuqm BN Cenkes opt r tRE BERSFENEHETENYASRTUCt I° vBFRr i s
o S000 et Bonitero sk anie b Renioblge) g RALE T, 2
he second Lot Tor tHBe HELLATE N ind 184 R8 ettt i BcrirBRE NS B
Hocor Gy (i o i obehEstd BEoRORHCA don AN dbfer ! 38 U BSR Pow
with referepes t oo ffd GHeipheAd 2add Grdt ithd CGIfissr Sacdd il o eVehe

show ng the whol e
semiconductor wafer 4 while the semiconductor wafer 4 is
being polished.
As shown in FIG. 3C, when the pressing force F, is
15 smaller than the pressing force F, (F,<F,), the polishing
pressure applied to the peripheral portion of the
semiconductor wafer 4 is smaller than the polishing pressure
applied to the inner region of the semiconductor wafer 4, so
that the amount of a material removed from the peripheral
20 edge of the semiconductor wafer 4 is smaller than the amount
of a material removed from the inner region of the
semiconductor wafer 4 while the semiconductor wafer 4 is
being polished.
As described above, according to the present
25 invention, fluid is supplied to the upper surface opposite
to the wafer holding surface 3a of the holding plate 3 of

the rop ring 1, and, at this time, the pressure of the fluid

is properly selected in the range of positive pressure to

11



structure of the polishing apparatus according to an enbodi nent of the
present invention, and FIG 5 is a crosssectional view showing the 27 AUG 2007
essential part of the polishing apparatus. 15 As shown in FIGS. 4 and 5, a
top ring 1 conprises a top ring body 2, and a holding plate 3 for hol ding
an upper surface of the workpiece, to be polished, such as a sem conduct or
wafer 4. A gdgabpie Cpiresgaicenath behueepyt hikeopthiéNGHB@RY @f aktel hgaheldi ng
plate 3, and is connected to 20 a fluid source 5 through a regul ator R1.
The hol di nghel @irg 3sieSade t ha ndovahwa DY | @dnBéx abr ampwat &1 yredbaake . POLhi on
of the outer peripheral portion. The thin wall portion 3t allows the entire
surface of thiswabenetibidnpgther fsamd cdmduetosr dedferedl canf drem yo behed
positive pressure or negative 25 pressure is applied to the holding plate
3. A tube Hisferewidedbyoveoyiegt thee mheadierg Cfandet fierr ggdsstiorg Rihie An
elastic pad 6 is attached to the |l ower surface of the holding plate 3. 18

2 7 AUGS20(emieenducierr rvafex gui deainay) thief pplishdingg cillisdhs@ti cvhdeldeor
wafer 4 on the lower surface, i.e. the wafer holding surface 3a of the
hol di ng pl a@etar | scirepnierentbyhd pastbdaner apdri pher alcgyiialon BPrEhent op
ring 1. As shown in 5 FIG 5, the retainer ring 7 conprises a first

retai ner riteHRMber 7AN0fSPBY| CaRR%r i AhenwhBERIFONFMNEFPHedWaECEhed 1S

| ower nost posjtion, and.con ts t | i shi | oth 21, d. ;
ret ai ner ripﬁ’f@ m%ru%eﬁa%ﬁ%ggﬁn Egﬁgﬁlegp‘éggéegé"& i%n i '%’?f“;gg‘ggg@?ﬁed

on the first_retainer, ri e [ v nd s rts the first retainer

ring nenber§a7a9£#1 es%%joﬂ%’? e?ng%]%rzzpr sﬁdﬂﬁgenbfé‘fﬁgb i's connlect ed at :ts
dto the t . 0 og i . . .

PPor (RS retai nor ring 79REarbeg, ER il (Pl P ML I BEGLLSASTE: 4

pressure bagoB:£ORPIISivHE At IMER L ity tURE dodd P\ WithdPeieeros Nein
retainer ring 7 and the top ring 1. The fluid pressure bag 8 is fixed ?o

the hol di ng1 pi &t @eBerdhged | ¢h dcp& e688L € HRItBei preosnpgt edrte Fheofl yhd
source 5 through a regulator R2. A tube 23 is provided to connect the fluid

pressure bago® anihdg hed reguldat aheRzpoAigfQinhyr niabl pe2Pohmsdngwhipel i sheng
cloth 21 attached thereon is disposed below the top ring 1. The polishing
cloth 21 coretiaingeesrangold shiragssar ftdee phlcbhisgbcdwgit 2h sindgéithgthe
contact with the sem conductor wafer 4 for thereby polishing the .

seni corduct dPteERbRed. PIRSHENG opf4GRy Faits cor-%%%teﬁsto Bhe opPP I hEN AL t
12 having a driviq? fI?n 12a through a ball _11. The top rin %Qaft 12 is
connect ed tPAIHEY Bfe S 1T CﬁﬂxfW?gﬁFyzhnﬁﬁt@&ﬁﬁ?é%q pURiRg
head 13. Th | W r 1 2 |d_nder ser a
nctuator orobiiB: faiEgeta ofebef Prarne “anet orfibi i e nda

mechan; om vl oF ol o S (Rp T TRy 1PE5 Al Cow e PR L) hg St St 017 ¢ he
turntable 22e11 as the shape correcting effect of the polishing cloth
200 21 by the retainer ring 7. Thus, irregularities of the
polishing action can be sufficiently corrected and the
localized area (for example, the central portion, the outer

circumferential portion) of the semiconductor wafer 4 1is
prevented from being polished excessively or insufficiently.
25 Acording to a second aspect of the present
invention, there is provided an apparatus for polishing a
workpiece, the apparatus comprising: a turntable having a

polishing surface; a top ring for holding a workpiece and

12



Further, the top ring shaft 12 has an internediate portion co-rotatably
coupled to a rotatable cylinder 15 by neans of a key (not shown), gdAuha0;
rotatable cylinder 15 has a timng pulley 16 nounted on its outer

peri pheral 10 portion thereof. The timng pulley 16 is operatively coupl ed
by a timng belt 17 to a timng pulley 19 nounted on a rotating shaft of a
top ring nnﬁféséihg'”%%etOQoEkPQeBEFCHgéihéﬁ fipeedpy 1 ABHAKLEd SArElGetOmring
head 13. Therefore, when the top ring notor 18 is energizéd, the rof atabl e
15 cyli nderpdds @il the- e dNahaldp Wiy EJoliplesd iny atalddrkgiargh the
timng pull%y 19, the timng belt 17F)an&ﬁ%he timng 5Efley 16, g%% thﬂs
the top ringhd ipragiaied suiEadet adialy ofddfvanang i ngy shEfdid?2 hsving
transmitted to the top ring 1 through a transmtting mechani sm 28 incl udi ng
a 20 pluralvdyiadleigressiiee i op flvigl ek shiyd dasppardietbdbetwasm riing
head shaft 20 fixedly nounted on a franme (not shown). On the other hand,

t he ret ai nepressing switommezh@dthe whekpopcep ngnd ahretghnere minyg 28and
the fluid 25 pressure bag 8, whereby the rotation of the top ring 1 is
transm ttedretdimieng etheneonkpigce bwithin pthe2gogndrime, r shaei negtaimr 7 is
vertically noved by the fluid pressure bag 8. That is, the retainer ring 7
is vertial IJinfvapresomg 2thre aupp2dehingt hsnespeet todeKe ttop ¥amkalle and
rotatable together with the top ring 1. As described above, the chanber C

i s connect REEF M FI4HR source 5 through the regulator RL. By regul ating
5 fluid pressure of fluid supplied to the chanber Cwith the regulator R

t he shape of curvaturpéx(%f%( ifPa ABRAREFd ASRERY onfor BoEnvaxr $5e%h
upward _direction), of the wafer, holding surface 3a of the holdjn Elate 3
can bel8dj vSRERPTIRRY  HdSRSyr 86 oPToYAdetlurd cBRtRRdal £or aoﬁ’%’t%@l.“‘i’hea

fluid 10 pressure cylinder 14 and the fluid,pressure hag 8 are connected to
the fluid ﬁﬁf%ﬁﬁ%F%ﬁrdﬁﬁﬁ r@@ﬁpaﬁorgoﬂfrﬁi}ggéspBSﬁp&Q y. AThe'THERHETSC i s

haft 1. artP SR oty PORA 186 SHFATR §PuPd DIUSGNE va95 PLOHHH od
15 to the regul at or EQ through.a tube 23 .ext ding ig the taop Ling gggft_lz
and the rot3AFy 3oF nPr36. Féﬁ%ranﬁsﬁfnﬂegﬁV%t LEFPUHPEC pPdEAIE subpli ed
f the fl ujgd. 5.t0 the fluid L 4 j

or ossi ng { BTG P8 IR o6y ubhe §og iy PEPS ThFBscbR, DhPLald®
o I LB e IR AL Ss RPLA D A LOHD BB ckeop Ay, o <0

regul at'és f pr essur sourc I"ui

pressure bog Bl Opefhushal NSRRI BTG 0 ohykbeall b Hodiigee

retainer ring 7 to press thé poli g e‘reg _
T oo S SFLOSERALS S oo iobles, it 6Tl secorgngn o L
pressure; and pressing a retainer ring for retaining the
workpiece within the top ring against the polishing surface
20 under a variable pressing force.

According to the second aspect of the present
invention, the top ring has characteristics of the top ring
of diaphragm-type, defined in the first aspect of the
present invention, having a structure in which a holding

25 surface for holding the workpiece is deformable by fluid
pressure, i.e. controllability of the distribution of

pressure on the surface to be polished as well as

characteristics of the top ring of membrane-type, disclosed

13



is controlled independently by the controller 24, and the 21 2 7 AUG 2002
regulators Rz and R3 are controlled in cooperation with each other. 7 AUG 2002
Specifically, when the retainer ring 7 is pressed agai nst the polis%ing
cloth 21, the retainer ring 7 is subjected to reactive forces which affect
the pressing force 5 applied by the top ring 1. To avoid such a problem
setpoints f@h,t IBrPr8&HpIE ,f AFHRends: bea2@pbhed ?)étb'ﬂfﬁ b I dHk lordNdo L he
retainer ring 7 are inputted to the controller 24, which calculates fluid
pressures to-be3te| i Ngreflgte sbeudtwid D egisitle g£yhémeeinddigangréhedéqyi d
10 pressure bag 8. The controller 24 then controls the regulators Rz, R3 to
supply the taécubppidchbildtpressunésoira pheskludied qutessilte sydkaniee d4 and
the fluid pressure bag 8, respectively. Therefore, the top ring 1 and the
retai ner rihge7 warkpipgty. desSped ijffiesdilyg f ahdes topt heit§ seancoagptyor
wafer 4 and the polishing cloth 21, respectively. The pressing forces
appl i ed oy thetropled ngrds amde t peerted Rlneentd nghd cabet hosroemtanagedal
i ndependently of each other while the sem conductor wafer 4 is being
pol i shed. Asoxhbwm PH Khe oentred hed ok ien pbht 6h8 iwerkp ieceyi detl wapphly
plurality of communication holes 3h opening at the | ower surface thereof.
These conmuBNEBPTBNPEBFESTSh cRdPmiic atRt e hsarfacgumis AFhar (Re¥tiABwn)
oints 26, conmunicatiop holes_ 2h fornme

such as a vacuun1PunP thro%%h l din
the top rinfuhbste, tRAY toReEIDT. CatCONEFRL WaRRr T OBLMD)| Y HYERUrPEcEN8a of
t he hol di ng g{ate 3 holgs th .s?nico duct or fer 4 under_ vacuum Eagp of
the | o nt s ZBCRESCATRARFSEPTEIRT nBSTBE0R: Ofipfle S e Yndit haf ebPet o
prevent, 4 he i o) e nmuni cati ng 22 27 AUG
2002 wilt(%] tﬁ‘%ﬁ%%%?%%%; ?%%s%giggi%é&%%g'into the hol ding plate 3
in a clearance fit so o prohipjt, .t h I pl.ate frombeLn
def ormed. The connunicgﬁ?%%iﬁéle§O3ha§ng§%ﬁne%%§%g€o g%smﬂﬁgﬁin rgg Qg
(not shown) ; h e LBg AN i S t: 22 and_a
rotary join%é%%&Egggém?P%E?ng thg%ég??%ﬁiﬁg\ééﬁéfg?ﬁ% ?gﬁngﬁpgﬁﬁﬁb h%les
3h are al | opedkp Pe&OMUYREC SHatdtud NBoNBEHHIMEOUILELuAnPABSE UHASAI &
source, or a liquid source. e sem conductor wafer 4 can be held by the
waf er hol di pgli®hsngf saefdaeqf a heopokdngg fidrat ieo Bd biyg davelaykpligedwegahdve
pressure in the conmunication holes 3h by the vacuum source. Further, the
backsi dé pressssengartiize appkipégceo 2baiseni commiugodriskdfngr gulpfagiegct Bng a
pressurized air through the communication holes 3h by the pressurized air
source. 15 Tph@sRdfonRECRf nghe rier poirat fon bPldhed sehe corukeiosewater
by the effect of vacuuymaitraction can be elimnated by slightly a Binng
the backsi dEShPERETrE DA tPe TeMERIRAICTR? WRFEPiacquy 'Hgl?aoﬁ‘-‘i’%h’ilﬂg 1hg
operation. The senicq?d% tor wafer.4 caqiq§ removed f.romthe. waf.er hglding
né% ia 3%e

20 surface %%FB?c%jé% i _ﬁpq the tg EﬁoﬁﬁﬁﬁfégﬁioW?ﬁ8P8§s§h 9rthe
o o 5B LR S PGS YRRy AELE, 2ol BEORIEY Batpalle
the tur abkgi@?. a variable pressing force, the pressing mechanism
comprising a ring member vertically movably provided, and a
space for allowing fluid having variable pressure to be
supplied to press the ring member against the retainer ring.
with the above arrangement, even if the retainer
25 ring 1is worn, the pressing mechanism for pressing the

retainer ring can press the retainer ring against the

polishing surface under a desired pressing force.

14



25 I n the polishing apparatus having the above structure, the senicongy%gﬁr
wafer 4 is held by the wafer hol ding surface 3a of the holding plate 3! sz
the top ring 1 is pressed against the turntable 22. Thus, the 23 2 ~ aus
Zoos sem conductor wafer 4 is pressed against the polishing cloth 21 on the
turntable 22 which is rotating. By supplying the polishing liquid Q through
the polishing |iquidigipplabaezzl gnd5, dtherpoldisiedgs ) | qeedtix-ks, r etaaigned

on the 5 polishing cloth 21. Therefore, the | ower surface of the

sem conductpivardfRjest ¢6 paki Yredand hifhenpbn SKiing |beuappirvht cHfrion
present between the | ower surface of the sem conductor wafer 4 and the

pol i shi ng alhet Ea2llowlBurg rig:sealiipthiiong whatne it akepr 651S woinzj@ehcftlivwind vaitdh tase 10 a
conpressed air is supplied to the chanber C fromthe fluid source 5, the

waf er hol dianypopargtsdgEa | drawingd by whjpekssi ngl fugtomtesds t he predfesnadred
fluid in a convex shape in a dowward direction as shown by the curve "a"

in FIG 52. emwdimentshe fivdfher prelisdintg iswehddeo3dyderiyned fxedlex 15
spherical surface. In this condition, the central portion of the

sem conductor wafer 4 is pressed by the dowwardly convex hol ding surface

3a against the polishing cloth 21 in a pressure higher than that applied

onto the outer circunfer%ﬁf?ﬁlD%%?BI%%Igﬂe?%d¥HET%%%WIm@Sthe anount of a 20

mat erial renoved fromthe outer circunferential porti

) f t.h .
seni conduct or wafer 41i% HlafFer tsﬁé‘r‘?“\aﬁécaﬁﬁﬁﬁts“éﬁcé:l%g‘tagr in1e%"r SHREPS r om

the central_.portion of the sem conductor fer 4,_insuffici pal i shi.ng
action at t kge ceﬁ?%gl ROt 'dh- o ?ﬁects i ?@ﬁgﬁct%&?pﬂgﬁefﬁcaﬁﬂ%e pcoersrere}lc ed
25 by i z{Juhdeformation of the holding surface 3a of the holding plate
3 causgg bf%%he pré@surized fluid. On the other hand, if the anpunt of a

material removed fromidie cant ralgReH istduwdhgl #eS @InFARMG QNI et Z
~ au~ zoo2 4 is larger than the anount of a nmaterial renoved fromthe outer

ci rcunfererdd®ir PRI 0Ny Gurdfe e eorduclaingaatd dfhehegdmirdngil is
controlled to reduce the pressure of the pressurized fluid supplied from
the fluid source 5 t@idse 53ahanbey Gt BC shop tdelamgsd y Mfadgrentary
pressurized fluid to the chanber C, thereby maki ng the wafer hol ding
surface 3a wrttimalhotdbag-peatiosaln wiaws ophrwingurtiee " behaviog” ghowh in
FIG 2. Thus, the polishing pressure applied to the central portion of the

seni coRductRAL Y 4Clethecthiaise8NE0 BREATHRNPOIR s Ry SFlesS uRF HFptHRd to
e OULer ChE U SLETLLR, POI 180, Slokhen 3o soRdichar ALer sbiliSea by
a retainer ring is varied;

FIG. 4 1is a schematic view showing a whole

structure of a polishing apparatus according to an
20 embodiment of the present invention;

FIG. 5 1s a cross-sectional view showing the
structure of the essential part of the polishing apparatus
according to the embodiment of the present invention;

FIG. 6 is an enlarged cross-sectional view showing

25 the retainer ring accofding to a modified embodiment of the
present invention;

FIG. 7 1is a cross-sectional view showing the

essential part of the polishing apparatus according to

15



circunferential portion of the sem conductor wafer can be corrected, ?q&
the entire surface of the sem conductor wafer 15 4 can be uniformy 2 6 2002
polished. In the present invention, the pressing force F1 exerted by the

top ring 1 for pressing the sem conductor wafer 4 against the polishing
cloth 21 on the turntable 22 is variable, and the pressing force FZ for

pressi gt hen S0nLet BINEEiAL00 It 30RL N5Led O POLISIN gy £l Ot h 21 s al s

vari abl e. esSeé pressing forces , are vari abl € 1 ndependently of each
other. Therefore, th essing;torce i i 3 pl i o] :pal i shing
cloth 21 by the reta?%gé'rﬁgh %Eca% ﬁg%ﬁﬁgﬁ%%aﬁggggde§%wénSbﬁglggesgﬁ%g 25
force F1 L Ghs Lss apphi h e t LG@N t

wafor 4 agayemr THEPDaPPeRTEeS CRSTREST M PoBlfFS, SiRREEEE U She, 1y
exerted by phesdep {hte®nhdid®r pressing the sem conductor wafer 4 against 25

2 7 AUG 2002 the polishing cloth 21 on the turntable 22 can be changed by

the regul ator R~, andritie P5essidg dWIE£Lgdd dsPrasst ivnd hevighabnetnhel ng
7 against the polishing cloth 21 on the turntable 22 can be changed by the

regul ator RZsgereidfl Gady .ob dhersd Dish iskyrapshtdeugol 1l Bl teapsdcesSFIGhe
pressing force F2 applied by the retainer ring 7 to press the polishing
cloth 21 ca®ape changed depending on the pressing force F1 applied by the
top ring 1 to press the sem conductor wafer 4 against the polishing cloth
21. By adjusting the PE@ssidg 18 far cr s viedt yarspectviey t Rboplagsi hhe
force F1, the distribution of polishing pressures is made_ continuous and
uni f orm f r opPt hehERHt @GPPI AtHE seAFeBRENEt dio waktbBerr4 anpqd gt | per Bheedge
and further to the outer circunferential edge of the retainer ring 7

di sposéd arPtREeRrhelAeeReHPRonduct or wafer 4. Consequently, the central

por {1 on ot i, per! pirel GerLy o ool 081 EONdUCLSL LT oS0 EXEN o
essential part of the polishing apparatus illustrated in FIG.
9A;

FIG. 10A is a cross-sectional view showing the

15 polishing apparatus according to still other embodiment of
the present invention;

FIG. 10B is an enlarged cross-sectional view of
the essential part of the polishing apparatus illustrated in
FIG. 10A;

20 FIG. 11 is a cross-sectional view showing an
embodiment in which a pressing mechanism for pressing a
retainer ring shown in FIG. 8 is provided in a conventional
top ring.

FIG. 12 is a cross-sectional view showing an

25 embodiment in which a pressing mechanism for pressing a
retainer ring shown in FIG. 9 is provided in a conventional
top ring.

FIG. 13 is a cross-sectional view showing an

16



If a greater or smaller thickness of material is to be renoved fromthe

peri pheral portion of the 20 sem conductor wafer 4 than fromthe inngry AUb 200
region of the sem conductor wafer 4, then the pressing force Fz applied by
the retainer ring 7 is selected to be of a suitable value based on the
pressing force F1 applied by the top ring 1 to intentionally increase or

reduce the Zpuindl, a WAl Ghich 25 BRGNSl HASRAAIR HET Ider BLeBQl b0y Of

the seniconductor wafer 4. Speci l'y, tHe sem conductor s 26

2 7 AUG 2002 pol hehed; adaioddie: £ 0ORE! atd Vs 35id Witied Ofn thGlAeL jonal
correcting effect of the wafer holding surface 3a by controlling fluid
pressure s iethdo the chanber C as well as the shape correcting effect
of the polishing cloth 21 by 5 the retainer ring 7. Thus, irregularities of

the polishing action ram, belsuf fici ant lsyheaataet ed d thediesall zediarea
(for exanple, the central portion, the outer circunferential portion) of

t he semsSconshuewdig waher pheis ppeveoipllelr @f behag spelbnsihets pxees sifvetlye or
insufficiently. Further, the 10 polishing is perforned in such a manner
that the anpredemf metentiadnyenoved fromthe localized area (for exanple,
the central portion or the outer circunferential portion) of the

sem conduct or wafer Xan be iist ean i endhrgednscoeved ior Trieadrctiasal
During polishing, in order to detect the profile (configuration) of the
surface bei iteporFhenéad ath\%a§9ﬂidﬁ§lpﬁstql§rr§h? AP A g t RPERKASI N @
measuring device, for measuring fhe thickness of a film(or |ayer) deposited

on the seniRTRkADP IRt fbé’ctﬁjo%‘f%_(fqerfst% t4ff gﬁpéblll D0 22. By
|put (440 the reasur s al yes a4 EuEl cIBLEUIE L 0L Lo
change 0 i “SRLAEEIAND BEE Tt e TERBLTSANPIASE, cEhGT B %,
Tt ot PRSI PO STl oAl Wegi il IRgIIEN 2 socon:
ring-shaped body 7al mfccelaf Gsmed egirabh ¥MdwAng’ thd §iB¥eid@3don of
the pressure over the surface of the wafer when the
15 diaphragm comprising the pressing plate is in the condition
shown in FIG. 15;

FIG. 17B is a graph showing the distribution of
the pressure over the surface of the wafer when the
diaphragm comprising the pressing plate is in the condition

20 shown in FIG. 16;

FIG. 18 is a schematic cross-sectional view
showing the case in which a porous plate is provided on the
lower surface of the pressing plate;

FIGS. 19A and 19B are a schematic cross-sectional

25 view showing the operation of the top ring to hold the
semiconductor wafer under vacuum, and FIG. 19A is the state

of the top ring before the semiconductor wafer is held by

the top ring and FIG. 19B is the state of the top ring after

17



ri ng- shaped contact portion 7a2 of resin material fixed to the inner

peri pheral surface of the ring shaped body 7al by adhesive or the i K. AUG 2002
Since the retainer ring 7 is formed by a conbination of ceramic nateri al

and resin material, the 5 ceramc material prolongs the service life of the
retainer ring 7, and the resin material serving as a contact portion with

Lhe ser congHg! gentBbRAPESY OPA Bt NEs LhERA By OEndheogepd sonduct or watfer

FIG 7 is a cross-sectional view showing the 10 p hi ng” appar at us

according to another ppgodhgent 9f&PgiPEESERbssDYERELONa] TR OBhbIRHg
illustrated in FIG 7 is different fromthat of FIG 5 in the structuré for

nmounting thenheefatfelelli 88rabttihe 46Porifg dbethOPsé&tdfd laspapti §€Sthet OP
ring body 2, and a holding plate 3 for holding the 15 upper surface of the

sen conduct preweher idvéseeohl G 4} as with the top ring shown in FIG 5. A
retainer ring (guide ring) 7 for holding the sem conductor wafer 4 on the

| oner surface, i.e. the wafer holding surface 3a of the holding plate 3 is
di sposed around 20 the outer peripheral portion of the top ring 1. The
retainer ring 7 CHANILSHEs DESORINT IO LN EHE iPRENERRES EFBOMIMEEIS mat eri al
which is provided at the | owernost position and contacts the polishing
cloth 21 (see FIG 4)Neshd aasecopparetaisnerand ndguetdaser fOr happhgshing
L-shaped cross 25 section which is provided on the first retainer ring
menber 7a aW@rsDpPeet s ackerdilngt & aider emhgdiBRPEr P4 asthe tBEesent
enmbodi rent shown in FIG 5. The second retainer, ring menber 7b is_connected

at its uppetPBRELIBNaW1ALt RenMeSCIiPgAgdelev W}éﬁ FEIRD PorfT6R- 24 of
the t i 2 that,th t ai I, i t at ahl t th ith
the tomd ] ngnd %, FIB- VAR, GEhEbaBRehPRaT uighia e 85 PRbgl "
et tTe _ | . . .

efi ned bet vienoPRzE o PELT CBeN P AN iR ekl Ay 8 2ol dRve
peripheral parbioReRt bRethap p&%,?anﬁoqmv%n%&@nt,headwwc peyiphegakrggkLi on

3b of the holding plate 3. The uid pressure bag 8 is fixed to the top

ring body 2se&khehast kdetursdowind femet bosaht 881 aphgtofoft Nthe polishing
apparatus.

15 As shown in FIGS. 4 and 5, a top ring 1 comprises

a top ring body 2, and a holding plate 3 for holding an

upper surface of the workpiece, to be polished, such as a

semiconductor wafer 4. A chamber C is defined between the

top ring body 2 and the holding plate 3, and is connected to

20 a fluid source 5 through a regulator R,. The holding plate

3 has a thin wall portion 3t at an intermedicate portion of

the outer peripheral portion. The thin wall portion 3t

allows the entire surface of the wafer holding surface 3a to

be deformed uniformly when positive pressure or negative

25 pressure is applied to the holding plate 3. A tube 9 is

provided to connect the chamber C and the regqulator R,. An

elastic pad 6 is attached to the 1lower surface of the

holding plate 3.
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10 polishing apparatus in this enbodinent are identical to those of the
pol i shing apparatus in the enbodi nent shown in FIG 5. FIGS. 8 throqghAggzmn
are illustrations for showi ng other enbodi nents of the polishing apparatus.
FI GS. 8A, 9A, 15 and 10A are cross-sectional views show ng the structure of
the essential part of the polishing apparatus. FIGS. 8B, 9B, and 10B are
enl arged cross-sectioha I of ..kl GS, 9A.; d 10 e L yel I n

t he enmbodi nents ill u(sjpprg éé?l}'{%rﬂr&_g 4@%?%%9%6@7, —}t #’eox#' I lﬁj«?g&%béss%t}% bag
8 conpri si AT t i lar . L ne, of ;a tyre f

pressing t %@%ﬁ al nertac?]f nvggge?swehgl &y%dﬁ%é\yevée‘#%fj%ﬁef hé'%ésré:%&giaef%%e
retainer ri s idel : I rdd |

fluid pr esstl{}?le%b%% éé{ﬂlff;h e ?%ggfeﬁbé;%ﬁﬁeélg{gs%alﬁgﬂ%g%%&%e Séléﬁgr%% he
anmount of waq ' rd TA - fetai nery rd 7 4
pressed agai nst&{%%ﬁg%élﬁ%%lcl%{%lﬁn gi/ptﬂrwlrgéﬁ'?%ué gﬂpriggs%hr 2‘%59‘{3%“.“ Iinﬁcase
of the &l uigEhPr essuige PASLBisEPWRihG Il ESmppided 4 rliketf Indtdhiddr Zidgau~
| ~0Z pressure is consuned only for elongating the fluid pressure bag 8
itself. Eveamemer heyd | Wil peeisur faverhadquivkatent igragitdwikied s @ppliies,
substantially the same pressing force as the pressing force applied by the
retai ner rilgweknesdoreodiweat i agd caonhactengke pelabhangedlothul ,t hend
pol i shing characteristics of the peripheral portion of the sem conductor
waf er vari es sechngassdgensr t g dmembgrcot i havasgpraocbsshapedf arwss

sem conductor wafers, and hence it is difficult to obtain a stable

pol i shi ng peagtoramickich 01§ npBededed 00Bokhe £RAESELEREAINGE] GHNG Memker
enbodi nents shown in FIGS. 8 through 10, a pressing nechani smfor pressing
the retdinef® r PR PURRATSckhg sEHIRE uretaRRera Tg r B§TPLEssTAg f ofRR can

b lied to th tal i i t hout_ de, di I ti f 15
be apol Ted Lo A0 SeLe et King lout depending Sp e el Gnoath o, of 4
05, 2001t O GRelal R JOA A0 A0 pin prAVL e IR deflteth,

outer peri Dé’t?r@l‘laeo%lao@eggiﬂfert hg ol fg BQt&J:a?‘LBfeStoElaénl;gWitﬁﬁaéhéi ng

40A conprises a ring 4la for pressing the retainer ring 7, dalip sea

42a for sealdggrang! @ar ancer beiaephebberel BAgd 1R bfptDEiAg! dinNCaid et £r 3
and a cl earance between the ring 41a and top ring body 2. The upper seal
ring 4@B camire sés provigledlbétwesh ytieuntcach iver?5rihe at tawdimehe ftamge
portion 2a of the top ring body 2, and a lip seal 42b for sealing a

cl ear ance beingeh.t hEhei fdwith prebsure hbagi Bg 4§l aff x<8l ahd &hel dxo bty
between the ring 41b and top ring body 2. A space 43 is defined between the
30 2 7 AUGIHB upfde £daid prgssoACahd S fe Isoweamnesded ity Yuns. £ thid

space 43 is connected to the fluid _squrce 5 (see FIG_4) .through a
connect or ﬁ@uﬁfqu%et§§?uaﬂdaaﬁ%%ﬁh%ﬁQH Bz sé e 237 18 provided to

connect the fluid pressure bag 8 and the regulator R,. A

20 turntable 22 having a polishing cloth 21 attached thereon is
disposed below the top ring 1. The polishing cloth 21
constitutes a polishing surface which is brought in sliding
contact with the semiconductor wafer 4 for thereby polishing
the semiconductor wafer 4.

25 The top ring 1 is connected to a top ring shaft 12
having a driving flange 12a through a ball 11. The top ring
shaft 12 is connected to a fluid pressure cylinder 14

fixedly mounted on a top ring head 13. The fluid pressure
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pressurized fluid such as a pressurized air can be supplied 5 to the space
43. Therefore, the pressing force provided by the ring 4la onto the?7 AUG 2002
retainer ring 7, i.e. the pressing force provided by the retainer ring 7
onto the polishing cloth 21 can be adjusted by adjusting the fluid pressure
of the pressurized fluid to be delivered into the space 43 by 10 neans of

t he regul at dj i n B .

comuni cat iéc)}fllﬁgqeeg rzljsz rsgexg‘g%é\ii#erg% n§Fﬁ§Q‘é{’?a§%‘%‘rﬁ‘?%{‘§ngB§p§P i on"h 1of
the top ri 0 I ﬁﬁ@i‘ 1 G j Gni

(pure wat e?%{%q%%%li’eyaz%ﬁgyf%nﬂ ng g:r?ld t@?ﬁ%&?&%{]?}ﬁ%ﬂéﬂ the rdgﬁ{a?ner
(ing 7. Thedgiplaer NG fhedihihne; oRBARERLELBEOUNIgNBaL ChRldIRn MO 7
such as the upper and {ower seal rings 40A and 40B are’cl eaned by Jhe

cleani ng |ignich del i kes achd hEOMOPRiAgt Ubeo46012060RABCEAN t4hg AR IIIE of
comuni cation hole 2k. 20 According to the enbodi nent showmn’in FIGS. 8A and

8B, thesgverg¢nsalyrmygnmntyof the seal ring 40Ais not limted, differently
fromthat of the enmbodinents shown in FIGS. 5 and 7. The seal ring 40A can
press the retainer rimgthamdahen tdgsiriedy phas NQ hersc arevigrt erwesd 1dwee
retainer 25 ring 7 is worn. In the enbodi nent shown in FIGS. 9A and 9B, a
ri ng-type gporchdn ncerrdbatsbpy ovodpilednta gr aovemtfasledecptinden tlise by
attachnment flange portion 2a of the top ring 31 2 7 AUG 2U02 body 2 and
the outer pegdrpherfll apdeyi ondh ehowhé, haindi rMdiepl meeaBabitecyilagdeypel i r
cylinder 50 conprises a ringtype cylinder 51, and a ring-type piston 52
vertical |y Wdvad ytpréng daniey hd bcynoweieed 5PN ALEGbHRYLEF nPHILERRral

sealing is fixed to the upper end of the ring-type piston 52. A space 54 is
def i negobetﬂ%%wqrhe trh%"t‘{;pe pfReont EBLAHJ ¥ ’%(Jbb]eGr rihg Q&%‘?raltﬁe"%]p’éce

2SO 4P A0S T LS 5 (ee FLGicl) AN aIes ofn tt
pressurizeiﬁﬂgtating shaft of a top ring motor 18. The top ring motor
18 is fixedly mounted on the top ring head 13. Therefore,
when the top ring motor 18 1is energized, the rotatable
15 c¢ylinder 15 and the top ring shaft 12 are rotated integrally
through the timing pulley 19, the timing belt 17, and the
timing pulley 16, and thus the top ring 1 is rotated. The
rotation of the top ring shaft 12 is transmitted to the top
ring 1 through a transmitting mechanism 28 including a
20 plurality of pins. The top ring head 13 is supported by a
top ring head shaft 20 fixedly mounted on a frame (not
shown).
On the other hand, the retainer ring 7 1is
connected to the top ring 1 through the pin 29 and the fluid
25 pressure bag 8, whereby the rotation of the top ring 1 is
transmitted to the retainer ring 7 by the pin 29 and the
retainer ring 7 is vertically moved by the fluid pressure

bag 8. That is, the retainer ring 7 is vertially movable

20



is supplied to the space 54. The pressing force provided by the ringzt E?
pi ston 52 onto the retainer ring 7, i.e. the pressing force provide 7&@ s
retainer ring 7 onto the polishing cloth 21 can be adjusted by adjusting
the fluid 15 pressure of the pressurized fluid to be delivered into the
space 54 by neans of the regulator R2. FIG 9B shows a cl eani ng mechani sm
havi ng t he weiane rdgpedtlre ashd hiedp shbng 1p Ehé r8Batablel eagietbetrnevith
retainer ring 7 and the ringtype air cylinder 50. 20 According to the
enbodi ment tdleowop ilgG3. 9A and 9B, the vertical novenment of the ring-type
piston 52 is not limted, differently fromthat of the enbodi nents shown in
FIGS. 5 and 7. The r iasg-desosr ijest aibdb2 carhrasanbdme €eiai prennechgd?7 amder
a desired pressing force even when the 25 retainer ring 7 is worn. O her
struct ural tdred flunict | emafcele’ athsonght hbepalegsiatgraghar aBys reagedradiimg t o
this enbodi nent are identical to those of the polishing apparatus according
to the enbddivkehtbrgremrs o huidasupglgsd 32 the Thwbenod withhdhe
enbodi ment shown in FIGS. 10A and 10B, a ring-shaped fluid pressure bag 60
i s provi dedea e Tathac ientSHARMgRE pGREVERUFSE JICAHER op? r AnglBBREE A

ring-type E{.ston .61 contacts the fluid gressgrajgg% Q0, and_5 part_of the

ring-type PIGSGFIER 1 LenbBABEXi Ao dthe PYVATF &rlQ“Bago%OFg?hé"afer

n 0 RLG . . trinaet . Cnder. | i ch
P casi'ng. {OIEHY TATRR B ShothPU IV a% e Bagt 602 BnPS A4St ype.
i st 61 | yi fd uj tqQ t j ¢l. 0
glcgszoﬁgdat e?ﬁvaa&ﬁllé/nIci%erl%sﬁéng;@%ﬂfﬁ%s#[cﬁaind%ﬁ rel"‘.(salss]lcjér ?%%ﬁ:?gfes%%ﬁi nto
whi ch @oprgﬁw_éu&%d Eiiflabs syppldgdl. oHee fhiid PoessuieePata§O @1 eases
the ringtype piston not by its own expansion but by 1ts own deformation

caused by tdrfddticd pE@seHEe £199.d RButdier s ikhrdagho najuldddis Ok, ! hR,,

pressing force due to the extension or expansion of the bag. This

arr angenmentrespectispdyse iHd ehsmiadr neans suainexstel [tp shal myhleadhice

the hysterisis of the pressing force caused by the seal. A pin 65 is

provi ded t ®,athimougthea vieuhé c@l exoemedemy of the topgripgespiftod 26 BN but

to prevent the rotatjon of the ring-type piston 61. In this enbodinent, the

communi cat (XTI ] 2K Y 030 c| @Bdi Kot Hd et DHRESYLedPag 8 ha st [Aamgstte@dur e

bag 60 _and the ring-type piston 61 is fornmed radi a in.ward[{\g of the fluid
g

| |

pressute bd@ edranteIRbArehgRt ypRIQIER of GEPe2s i ending pligh PE3 Whdw
enbodi nments_.in which a. pressing, nmechani smifotr pressing retainer_rin
shown i n FI'G89 8sfi’#l5uéﬁ ﬁf’# s%BFO\ﬁO ¥ n3318§n§§ﬁti oﬁﬁ? t65i¥ 'ahtéarhagi’ ng a
waf er hol di ATy [ j gy RO 94 3F 1 43 ~fqﬂ% Q0
material suc ugs%%ergfrlﬁwclgcgr%%is?}%ot %gy&?r?gg 5 _Inet heuélﬁoos | Nt S grhoown
in FIGS 1kfdroughy kefptte CEdeIﬂ{Héf nps '&o-CQH?ﬁ's’éeﬁhé I%)Q@s'é'i’ﬂlgj ethe e,
and a holding plate 3A for holding an upper surface of the 5 workpiece, to
be polishedhiztich Bs aapphieandugt orchwaf etod (séagFl G 40 Theebsl dittge
plate 3Ais formed by high-rigid material such as ceram cs, and a wafer
hol di ng0surdeadeB@aludto mata e o4 maghénsAn tdleasto kigtaih® ¢soaht &dhed Rt t he
| ower surface of the holding plate 3A. A retainer ring

regulator R, also regulates fluid pressure supplied from the

fluid source 5 to the fluid pressure bag 8 to adjust the

pressing force which is applied by the retainer ring 7 to

press the polishing cloth 21.

25 The regulators R,, R,, and R, are connected to a
controller 24, and controlled in accordance with the input
values of the controller 24. In this case, the regulator R,

is controlled independently by the controller 24, and the
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10 (guide ring) 7 for holding the sem conductor wafer 4 on the | ower
surface, i.e. the wafer holding surface 3a' of the holding plate 3AZiTsAUG 2007
di sposed around the top ring body 2. A chanber C is defined between the
hol ding plate 3A and the top ring body 2, and this chanber C is provided
15 not for causing the holding plate 3A to be deforned but for supplying
fluid to t rga fr t hal,di te 3 SUGH | cathon
hol es 3m fglfe%%g i noﬁeﬁﬁa%(ﬁ)r%{d %'[%gt gogkggégleegi %nc?lofdy by sdlilgp Vi ngé%éﬁ
pressurizedofhe d sHpB-AE182 000D GARd @hé kethhReehamigy € ist heressed
pressurized fluid is 20 ejected fromthe wafer holding surface 3a' of the
hol di ng pl ai§a Bs ¢ O taRP| Yo@iBREKG deLdiesyre tRet heetsiMEONGYGIOr Twafgr 4.
By evacuating the interior of the chanber C, the sem conductor wafer 4 is
hel d by t hesig}&tten st fosar Bire ofodis hel i Piadte e U 's Meg UEdirce

Furt her, when the 25 sem conductor wafer 4 is renoved fromthe hol ding
surfaces3a' applipddsuckhas pope medger 1.s suppl iaedildo shehchamierokl emand
then ejected fromthe holding surface 3a' of the holding plate 3A. 34 2 7
A U G 2002 Seepdiopts i igs shewpresskEnGS.fortashrioughe 18phavedabyr ddsd nigop
mechani sm for pressing the retainer ring shown in FIGS. 8 through 10,
respectivelyinat 1heacdt ahgrentetainge poknd o/ 2ard thputped i np boklye 2.
That is, in the top ring 5 shown in FIG_11, the seal rings 40A and 40B
shown in FIe9PnBrek %rog‘}dedﬂlﬁﬁfbr Sl anates aifletid | mF e Hyedhstte hebe

l'i shi loth 21 FIG 4 . h A h in FlLG . Lh
2oL Tnd kot b 2l B Rl plRhee RSN, BN Pl
[ 7 inst th | i shi 10 _cloth 21. th in the t i [
I8 TR e PSS, 1000t hsEheo Pk oy Budfe 1384108 Spgue

e e SRR, L0 RO 1240 Py The e o By

worn, the pLesshage RLHaNtSeB e TQF1 HESSI 1 4dP ¢ifd B NP 4 M Ak Su FE@MNHRE €SS
the retainer ring 7 against the polishing cloth 21 under a ‘desired pressing

force. Nextg, ar ®9HéSHi gl RPPATTRIES 3G ORMNANG I B i ConthAspest rota i her
present invention will be described with 20 reference to FIGS. 14 through
19. The requimgd perfoamancepply t hdesamedi ngporssd ngol ifDhroesr i ots fithes
(layers) deposited on the sem conductor wafer uniformy over the entire
surf acdSof séricendeoretct vafgaf erd | mndhi sthase paldestsing acelotht he2l,
sem conductor wafer can not be polished 25 uniforny over the entire
surface thefedpedfebedtly ng O tHe S fPTes PRIFEDAY sishg @ patad us or
the top rin

(e {08 11yl S LET Sl o1 DeCPoR YLk, G A02 PLESSLA Ol $%0r
each other while the semiconductor wafer 4 is being polished.

As shown in FIG. 5, the holding plate 3 is

20 provided with a plurality of communication holes 3h opening

at the lower surface thereof. These communication holes 3h
communicate with a wvacuum source (not shown) such as a

vacuum pump through joints 26, communication holes 2h formed

in the top ring body 2, and tubes 27. Thus, the wafer

25 holding surface 3a of the holding plate 3 holds the
semiconductor wafer 4 under vacuum. Each of the joints 26

has a pair of O-rings 38 at upper and lower ends thereof to

prevent the communication holes 2h and 3h from communicating
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Recently, the requirenent of the users has changed fromuniform zin tm
anmount of material to be renoved by polishing over the entire surfag(z 2007
pl anari zing the surface of the sem conductor wafer after polishing. This is
due to 5 the fact that the sem conductor wafer to be polished has a
deposited film (layer) which is not flat over the entire surface thereof.

The film (l.gngf) thas dipgiledr eas idhahifiderthigkneagepbeineihtdmire
t hi cker than that of other areas depending on the kind of filmor the

condi tion Mol MERASiItd ON.infFQr c@%AFRINee IF1tS@E aGasRE tih@ridhigkinesshof
the filmon the outer circunferential portion of the sem conductor wafer is
| arger thamdilbitngnplheecent ridorpobeing ode fdwmedm corigeic icommualiierat ioh such
cases, it is necessary to make the entire surface of the sem conductor 15
waf er fl at HpnleappBbyi nerea pohnebied presaurewdidloindie vialivek anet hEhghar) t han
that applied onto other area for thereby renoving nore material fromthe

t hi ck abea.tHrmoudte 4 opulré ng7 obxtdeapghnggrint yhe itopavh g t dlea filbf @2 kwiddiang
surface is defornmable by the fluid pressure as 20 shown in FIGS. 1 through
10, an el astataqadjobatkiil. filhy swibchaobedche shdtebtiadl i cahvedi rithel at e
constituting a di aphragm and the sem conductor wafer is polished by

appl yi ng a $OMEHIGRE inTestekes t dht REehaddOwRs sk f geBMeR 1€ Ake s¥htdorddiRt or
waf er through the elastic pad. The 25 semni conductor wafer is polished

uni formy SXASUWHS QGG e 3 RESHSI L& SRLAMFAYE Contdold gtk SHHRE of

the waf i ng. t he_wafer hol di f be 36 2 7
e S5k A4S B 18 a8 S i

i i thet ized fluid, T il '

e o s20com PR B5RE v rontelly BB O ge i olahSioBehy AL can

intensivel y, Wth, the daffd Mhnunication holes 3h by the vacuum source.

Further, the backside pressure can be applied to the
semiconductor wafer 4 by ejecting a pressurized air through
the communication holes 3h by the pressurized air source.
15 Traces formed during transportation of the semiconductor
wafer by the effect of vacuum attraction can be eliminated
by slightly applying the backside pressure on the
semiconductor wafer 4 during polishing operation. The
semiconductor wafer 4 can be removed from the wafer holding
20 surface 3a by ejecting 1liquid through the communication
holes 3h by the liquid source.
A polishing liquid supply nozzle 25 1is provided
above the turntable 22 to supply a polishing liquid Q onto
the polishing cloth 21 on the turntable 22.
25 In the ©polishing apparatus having the above
structure, the semiconductor wafer 4 1is held by the wafer
holding surface 3a of the holding plate 3, and the top ring

1 is ©pressed against the turntable 22. Thus, the
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5 di aphragm However, as long as the elastic pad (backing film is useg )
there are many unstable factors such as uneven quality of the bacmliy Dﬁﬂml
variation of the nodulus of elasticity with the passage of tine due to its
conti nuous operation, uneven nodulus of elasticity within the surface 10
due to difference of water absorption. In the top ring of menbrane-type in
whi ch the seuhieisiuied s Wl Br 1 6 1 gss@sbdd rptith A el gid Ci iy afeo O
rubber by the pressurized fluid, it is possible to apply uniform pressure
to the backsli densunéaceratabhe 23 s@richornduaioratiaiar By Guigp gl visdi C
menbr ane. However, such top ring can apply uniformpressure onto the entire
surface of pdkiseimgondiptiot \gaf ehrogh cahenopoipphyngonlighied pumsbyre
in local areas. It is therefore difficult to control the profile of the
pol i shed waiezz® pdrti dHey. paddehdingg ffaquhd s@consl aspezined tbe ptlesent
invention, there is provided a top ring which has characteristics of the
top ring ofpaell bphingncilppd shown TheEe@Srel ttheoudbwed, suwrface of the
controllability of the distribution 25 of pressure on the surface to be
pol i shed assgRi¢on@ueter acatersti és8 pplimbedoplitinghef prdrsthuimg thbauid, e,
applicability of uniformpressure onto the backside of the sem conductor

waf er. Spec®fiexFY, thi PESPLRE nPERSDpI §AR7 lovey A ERD ht rohfed

pressure partially onto the outer cjrcunferential partion or the central
portion of IFES ?ﬁﬁﬂﬁuﬂ?ﬁeHWﬂeﬁQéeﬁhF %FQﬁHQ(éiﬁﬁﬂ ure onto the

ogi on 5 (w dih) of UHE B HOHIIC ot BRSO S R RRA Tk 45

A . e o eemtal
Shows e hor iy 1 ETh e o et RS L SARMIR < TR the ERRI .
N a top rifgacgordingnko JLrdhe mAcay asaeehcal 34° ff esallyddvegtion

an elastic nenbrane is added to the diaphragmtype top ring shown i

1. As showpidsdidy fdkcd "ef toe rpis suCOiad | SRSiA 10 ddrdOWhape ain
pressing plate 3' for pressing a workpiece, to be polished, such as a

sem conductardewaheard, dimecanohb asl astiown nepbrtaee cilrweut War diy ofrad.he2.
pressing plate 3'. The el astic nenbrane 10 is nade of rubber having
strengt h arfBhatur disi/| | thesueafers doigiageppopyhede Jabldat ipEBDVR, FPUGEY
rubber, or silicon rubber. A space between the pressing plate 3' and the
el asti ¢ mendreeladl | §uEbARGet ed20-NiF tFRNF IR sotikBe BN RUgPORE $ PR d

passage co isjng a tube and a connector, and a re u%ato% Ra, A chapper C
i s defi ned et WBEN SETE-CEHUETRY Hb%‘{)]?rz nd-St r%f?ﬁ%%‘gi Y pigr opnwardly o
connected tQ a fl iﬁ our c hr oygh equl r Ré“ A.retaj,ner. rijng.
(gui de ring O%V?%Eh 8$ﬁ¥%g§?§££§% g%nF§8%Bg§t§&gw£P %SEL_% ?ﬂgﬁ¥bﬁ%ﬁ ln_
surface, i.g. Lhgsuafer RAoLHLRY S:‘ﬁra{nace\:fi'a% 0391511 el a8htp MY ang,dOri s
di sposed around the outer peripheral portion of"the top ring 1. A fluid
pressure bagi Scupferdst gl apoabnshathbyberi.s phewi,degf 38he amount of a
20 material removed from the outer circumferential portion of
the semiconductor wafer 4 1is larger than the amount of a
material removed from the central portion of the
semiconductor wafer 4, insufficient polishing action at the
central portion of the semiconductor wafer can be corrected
25 by utilizing deformation of the holding surface 3a of the
holding plate 3 caused by the pressurized fluid.

On the other hand, if the amount of a material

removed from the central portion of the semiconductor wafer

24



2 7 AUG 2002 between the retainer ring 7 and the top ring 1. The fluid
pressure bag 8 is connected to the fluid source 5 through a regul atlar Alp2002a
turntabl e 22 having a polishing cloth 21 attached thereon is di sposed bel ow
the top ring 1. The 5 polishing cloth 21 constitutes a polishing surface
which is brought in sliding contact with the sem conductor wafer for
thereby polg sy ngatder seihfoRAECEAbuNRS &F alhRat&Pidl NBedolrEdCERBRACHAE tO a
top ring shaft 12 through a ball 11. The top ring shaft 12 is connected to
a 10 flui d guess Wierdid fididert ikd fdowation negintgd semacbapuetog hagerld, The
fluid pressure cylinder 14 serves as an actuator for noving the top ring 1
vertical | ythanddguleanie® edst eaohfeol leddtsoredace theopglessuregdfatdre R3.
In the above structure, by supplying a pressurized 15 fluid such as a

conpr essed pigsstuy ifzzel f£ i pseppliedcyironderhd 4f1abdh sbarideui®™ sourddee 5,
the top ring 1 presses the sem conductor wafer 4 to be polished against the
pol i shi g chattber] ot he tsitop abhe 22pphyeofather paeasprégedngd lugdceed-1
for thereby polishing the sem conductor 20 wafer. The pressing force F1 is
vari abl e byheeghanban ¢hethegebut oakRng Ithe hea tdoveosdingt gne fagkerd a
pressurized fluid such as a conpressed air is not supplied to the chanber C
fromthe flafi dhsoddelimg @latiee cHanitdre Ead edt CewdGuabed o5 "0 Gl
negative pressure therein by the fluid soyrce 5 i.e. positive pressuyre or

negati ve prigsstf€-i & not TAPPYi et o POHd-SBLAGN r RS SoFr ORI SChet Br ng

Plete 3" AR, LR BrgvLes, e SRIE RELL LGS g 4 g gl 10
ti i ..ed t i.aph ji.zed fl i h

R cOfor ERE T, BaABRILE", Brhafuft iR iBPlled PIES U] otk of

and the e'Q§§£é&ﬂ£§?§fﬁ1%l;ogo§F%89 n?PCQﬂkpes%ﬂRcﬁé%QCEere agsrthe s

sem conduct or agal nst e polishing cloth through a flurd
pressure bagdelifed bynhBe ghasiris cremlr g@Qi%ﬂinEh%Ein@he,aﬂ teHeS Rpsst bl e
to apply uniform pressure onto the backsi de of thé sem conductor wafer

t hr ough t he-iffddiintf grearsSiie poagt 16n codprilse ngehiecaliastoe mentEmneah0.beéon
the ot her hand, by supplying a pressurized fluid such as a conpressed air
to the chamwerreetfadymanite theuichtsiowr cairFace afplbhepesimtiicpmduadsyurve fer t he
di aphragm conprising the pressing plate 3', as shown in FIG 15, the 15
pressi ﬂlg pléat@am'bg inddfagmiyd p9d i&hedo have a_ convex pressing surface, in
a downward direction, whose maxi mum projecting height is about 0.1 mm
Therefore, the pressiing phat @xedieayhr agvgnBions pdet i préysbrgudinrden F,
contact with the elastic nenbrane 10. Wien the | oad or pressure of the 20
top ring i sXenfrashsked, thige temt rdngpokt ifon dafraesting aphfadiaMisrasdigiypr
plate) 3' presses the sem conductor wafer 4 only through the el astic

menbr ane 10vafiathoht agaiesboshagpPildisd ipgesshatd ok ned biea thyrgit@bdeesddir e
bag. In other portion where the pressing plate 3" does not contact the

el astic 25 HenBpahable, ta3nd ethst | RraefbRANLCEFS sFpr £95ur PE8AS LAPT ¥ty by
fluid Bressure, and hence the sem conductor wafer 4 is pressed agai nst the

pol i shPfRg ARHTEE ukdBE Uhi FERRtes§hfe BRYVEFRPRY KBAAHEe Plui 85 prakiire

bag. 40 ] ) _
variable. These pressing forces F,, F, are variable

independently of each other. Therefore, the pressing force

F, which is applied to the polishing cloth 21 by the

retainer ring 7 can be changed depending on the pressing

25 force F, which is applied by the top ring 1 to press the
semiconductor wafer 4 against the polishing cloth 21.

Specifically, the pressing force F, exerted by the

top ring 1 for pressing the semiconductor wafer 4 against

25



2 7 AUG 2002 Further, by evacuating the chanber C by the fluid source 5
conprising a vacuum punp to apply negative pressure to the di aphragdév AUG 2002
conprising the pressing plate 3, as shown in FIG 16, the pressing plate
3" is defornmed so as to have 5 a concave pressing surface, in a dowward

di rection, whose maxi num denting height is about 0.1 mm Therefore, the

[ | at i aph 3 i tially b ht | tact with
bl oot o bt LERTRE R 1gkn 2Lt Luth g A4 B 9 paged By
late) 3 prResRss EatRe oMb e s HP b SR T R Bugit s i STty cehe
menbrane 10 without interposing fluid pressure forned hy the |f11| uid pressure
bag. I n ot NP dpbrET orf Wier tﬁgabpﬁgmﬁbe pIBRESLINghe S50 coht aRF tHRE

el astic nmenprane e 15 elastic rane 10 is pressurized uniformy by
fluid press ‘r”ér,’t%ki]‘?gé h%ﬁc“ea? He s‘ér?ﬁrb‘l%[}gf g’i'r}’%va’feequ 5 Jhed 66 LS ndt t he
polishing cloth 21 under uniform Bressur,e devel oped by the fluid pressure
bag. FI&S. HHrekyrar ‘éﬁ:én%rﬁbﬁs ShoRNAAGIt RECSESHir stiSH LG 1T ptRESEr e
applied to the sem conduct or waf er  obtained by controlling the pressure
appl i ed to ¥he?RRup? afth Hit TeFALPERr &t s7t FO PLEFF b%PieorP‘g]fl?l%“g
pressure applied to the sem conductor wafer when the pressing plate

(di aphr agm S5°th s2{ hceRe Reorieh 197 28ePPRALRY aPBd Ghe MUSSSIHI aRArePcF17B
represents the distribution of the pressure applied to the sem con uctgr
waf er when ?Wélb?‘is@' NI ERR ’(Hi‘%tpﬁr%r@r%ssi ?@?W%‘Hﬁb‘?’i?’bﬁ"’a er
illustrated in . FIG 16. In FILGS. 17A and_17B, _the 41 .2 7 AUG 2002 .

hor | sontal 2% S bpFBSeRPL 18 'aRgt SHGET r o ¢ hBY CBHSBF IR ARG ERS TR The
out er rippery thereof, .and the vertical axis represent ressyre applied
onto tHO SUFPE of: t HELYRS FeSBREShWh | HiFI RFSITRIANEIRES (e  che

di stribution, of the 5 .applied onto th f f the waf th
cent 1 ol portHOrE DR E R it ob o B S $For 17 ofiatian o8 OO | B0by

controlling_ th ressure plied to th ressi.n | ate (the di aphrag 3.
Further, oo RiiEuh: REph CEREDSRAERE a5 s toB S e RugBsR B FSF theGent? a
portion 10 or the outer circunferential pertiqgn of}}%he sen con%cto . waf er

to which pr%esnél MRS af)apgieeda%%n uét(%a r 6Pl et eoyo re§i n%l]f(f"l%m fﬁﬁl t of

positive pres rgloqir ngggtl Vzeefa{lgfésf" ertlgg e app dl%%o%\%dt E?BESEEI ng.plate

(the di aphrag .- Thé partia pressuri'zed regio dth) Irs repreésented

15 by RAL agdy PG4 F.C%,a28: 809 Loyndhiatu100) Qs AN RAZ: £k Do

Wi der or narrower %y c(#angl ng the nmagni ‘positive pres e or

negative pregeunfanfid Izgotrt&%oﬁfeéfig&ﬁ' Uil g9k 3 4 FIG 18

shows an enbodi a porous 2 ate 80 1s provided on the [|ower

surface of Lhe,pressi Plom! e Eng st 1 dpd Gk ddies i SRPTRIM n ASE SHOWELE Ty FI G

18, by providing the porous plate 80 on the | ower surface of the pressing

plate 3", the pressuriged {luhdeganbesglieliderefiéRhesa elfeafanae fef iged
bet ween the pressing plate ™25 (diaphragm 3' and the elastic nmenbrane 10

even if thetgl epeanceehsva@ry rsml | - cder gbefignelrhe pr fdgedofel ui ghean
be spreaded over the entire surface of the elastic nenbrane 10 to allow the
sem conguct 9en @b fdudLoPe RfRySeq 4Ahan from the inner region of the
semiconductor wafer 4, then the pressing force F, applied by
the retainer ring 7 is selected to be of a suitable value
based on the pressing force F, applied by the top ring 1 to
intentionally increase or reduce the amount of a material
25 removed from the peripheral portion of the semiconductor

wafer 4.

Specifically, the semiconductor wafer 4 is

26



2 7 AUG 2002 uniformy over its entire surface. FIG 19 is a schematic
cross-sectional view showing the manner in which the top ring shownZ2i7rAUG 2002
FIGS. 14 through 18 hol ds the sem conductor wafer. FIG 19A shows 5 the
state in which the sem conductor wafer is not held, and FIG 19B shows the
state in which the sem conductor wafer is held. As shown in FIGS. 19A and
19B, the sem conductor fer i.s held in_the follow.ng manper: when the 10
seniconduct%?fh% @ ignﬁgf hetltf by PRBFS lY?ngafflfﬁb'p? ssith§ pl%ﬁﬁpe

(di aphragnt 3' is defor to an_upwar dl oncave configuration by applying
negati ve pr%%%ﬁ‘?%t%q‘\%reggge%ﬁd Phe i ¢ tg?o N PistHrought iRy
contact with the elastic nepbrane 10, and thep the space defi ned bet n
The. 15 or esSPROTRTLERS (EHATA Bryo B AHPRHEDI S TS dhie § 0°F Sve Lt
evacuated to devel op negative pressure therein. If the gnount of
defornationa%ftFﬁeSg?@%h?ﬁﬁﬁ?FngSn?ﬁgﬁpéd050Q&?199”&?“%%9(%%%&@k@% By 1
mm then the sem conductor wafer is prevented frqnybein%%broken due to the
def or mati ontPReFRBRLDBL eV dRY f -t h&h¥Em dERGINLEE LidrEr Ol e RPEESRINAs to
conformto the surface of the diaphragm (the | ower surface of_ the_ pressing
plate 3'). #aFiPRrcant bpsspsddrprptiy cortrstefh@ndod® flfcatizeft #R§2t he
sem conduct or wafer by changi ng the magnitude of deformatjon of the |,

di aphragm ©050F| examples bhe ¢RREsRkPORRIORi W Sy AlEeimfergntial
structure of a polishing apparatus accordin% to the second asgect of the
present i nvBREFSAR) | % EBE rIFRLRRMA MY 8 LeRe SedshdPaspERtesr frem

present inven{ion, an 43 . . L.
being polished excessively or insufficiently. Further, the

10 polishing is performed in such a manner that the amount of
material removed from the localized area (for example, the
central portion or the outer circumferential portion) of the
semiconductor wafer 4 can be intentionally increased or

decreased.

15 During polishing, in order to detect the profile
(configuration) of the surface being polished, a.measuring
instrument such as a thickness measuring device for
measuring the thickness of a film (or layer) deposited on
the semiconductor wafer 4 may be provided in the turntable

20 22. By inputting the measured values of the measuring
instrument into the controller 24, the wafer holding surface
3a of the holding plate 3 <can be changed in its
configuration based on the measured values.

FIG. 6 1is a «cross-sectional view showing a

25 modified embodiment of the retainer ring. The retainer ring
7 comprises a first retainer ring member 7a and a second
retainer ring member 7b. The first retainer ring member 7a

comprises a ring-shaped body 7a, of ceramic material, and a
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2 7 AUG 2002 el astic nenbrane is added to the di aphragmtype top ring shown
in FIG 5. As shown in FIG 20, the top ring 1 conprises a top ring bpgyt2007
a pressing plate 3" for pressing a workpiece, to be polished, such as a 5
sem conductor wafer 4, and an el astic nenbrane 10 outwardly of the pressing
plate 3'. An opening 3g is fornmed in the pressing plate 3', and a tube 72

I's connect egli &4 Mo &PeBbABaSH EBE@EQH LoV inf InatBR1hUDE 142d Sto
connected to a fluid source 5 through a connector 74 fixed to the | ower 10

surface of the i@Refi parPPH¥ral 80GreReBi B 2Zhef ifRd dHudde bedy 189 bpdy
2, a connector 75 fixed to the upper surface of the top ring body 2, and a
tube 76. | nadiies xkoverstheciuke. ti3anRicessiy | zeth inat drifgdel ideer fsirhed ween
the pressing plate 3' and the elastic 15 nenbrane 10 through the opening
39, the conmecd aramiyfnat’f¥on anfl cranaind mdteetidlesantd maediny 2ndtoefindn atlié ui d
pressure bag forned by the elastic nmenbrane 10 on the | ower side of the
pressi ng pletea®lc materis]l pheloonpedther seibzickl hifle 74f abek tihetdimes 76
and 72 constitutes fluid passage for 20 supplying a pressurized fluid from
the fluid soimge’ 5 andt hkei neeinomaderihé Sewivdngr assar eddmpdompeisiony t he
el astic nenbrane 10. The top ring of this enbodi nent exhibits

charact eri s¥iek &het rRemigipndugiar wRiphr &yindsgfe the. Waning | 8fi | thy of
the distribution of pressure on the 25 surface to be polished as well as
char act eri sTERERANFLE dfA¥¥hg of menbrane-type, i.e. applicability of

uni form pressure ontg%hge gpckside of the senm conductor wafer. .

Specifically, this t ind cdft aBpI§r88ﬁfF8$¥é8nﬁ esEhFE 47MOWHNG AERE 2002
tiall . ' nf t.i.al t] t A t f

Phe semCsorttbtir gy apbatabilrsPsSitiRs: Rt Buis o AsOHRbelk, B L8F, oce

of other pogiioly: FURLORE i ohNI S ThAp E&ﬂ‘gﬁgﬁ‘ge%‘i%ﬁ%a@éﬁ &gl 9?%;((3"“70'@% of

h
the 5 outer C|rcunferent|a? portion or t tral portion of

sem conduct @f £ ¥&f &St t frdhli €RaPr§8SHEE. 1 8 3BPlhRd s i fth PRI Mod AV ERG T ON,
t he polishing surface on the turntable can be fornmed by the polishing Cloth

(pol i shing prd) reta tndi xeth@bs@stve. t&parphgs afhel E OB Ei Bldompwaséabl e
polishing cloth are SUBA 800, |IC- 1000, IC- 1000/ SUBA 400 (doubl e | ayered

cl ot h) manudé atbpr edngy HRatiel 2Pr adicts olPbnat ipdatand Sfofi hodxdirly alne
Surfin 000 manufactured by Fujim Inc. The polishing cloth sold under the
trade Adme WRIBA 890riZpef P HhR- FemHs@nGwctior 000t 45(#ade FG -ndn- v en
fabric conposed of fibers, bound together by urethane resin, and the

pol i shing c¥bth & dCRderng PP ke 13C- 1000 is made of hard
| th f ingle.l d). which i ) d i Qut,
e opor oo i 1o Surk aCBtaSHS e % cddubRat D Fortith PRd Ray a8 '
A AR ! . ! : | en ate
cerformed HChErSEEAE FRECLCh By ik AANEE. dPRABE | 37600 GRFIGALEE 1S

fixed-abrashyfqidhesdi #6ss Dy a5 hd ShSIRRS G e a1 AS1 ¥ RUdd Cd£Sund

bi nder and m cropores. For 25 exanple, the abrasive particles used in the
fixed- alpr astne afrer ipehighiedal( Cpeeribavi 68 athaveigge miald | al.e sizigeof

not nore than 0.5 ,u m and epoxy resin is used as the binder. The
fi xed- abr asteriea trosstr ing €5 conar ik gpola shirgr stgtfepiorer ring member 7a of
resin material which is provided at the lowermost position
and contacts the polishing cloth 21 (see FIG. 4), and a
second retainer ring member 7b having a L-shaped cross
25 section which is provided on the first retainer ring member
7a and supports the first retainer ring member 7a as in the

embodiment shown in FIG. 5. The second retainer ring member

7b is connected at its upper end to an attachment flange
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45 2 7 AUG 2U02 The fixed-abrasive includes not only a plate-type

fi xedabrasi ve but also a double | ayered fixed-abrasive pad conprisiﬂd AUG 2002
fi xed-abrasive and a polishing pad having elasticity to which the

fi xed-abrasive is adhered. Another 5 hard polishing surface can be provided
by the above nentioned | C1000. The turntable to be enployed in the present

I nvention isofofod 1A LSE tRet B6pt HEHBaBb@XOE 3ol YRR MHHE FelAlfse aF fyid

the central™ axis thereof, and I hcludés a 10 table of scroll type in which

any point on tfie trAlfJRAkES dqeithed atlivg tEABS! 86H0NALHDL] ON.phE is
descri bed above, the present invention offers the follow hg advantages: The

di stributi opepfiddel prieseabe fRIER dbspbet 1éowh@pit©%e disgprevent efl di@m
bei ng nonuniform at the central portion or the peripheral portion of the
wor kpi ece doireswguidebpgl Bskongrpsdagsan anthdlwer polbshisgprbedderesimcan be
uni form zed over the entire surface of the workpi ece. Therefore, the
central Sporgraover defdnger i prewabnpothé omtdfacnente Wdakhgieecporsipnevaat ed
from bei ng polished excessively or insufficiently. The entire surface of
wor kpi ece caretided batpdilishedtes @pefrligherialr opoftdshofl nthée togser her e
the present invention is applied to sem conductor nanufacturing processes,
t he sem conkR@Y o A&d ddwe cantee periphedato perXsom ghb qodl ithe EpkdEnghe
peri pheral portion of the sem conductor wafer can bhe used as products,

yiel ds of thkrs@nd cofthftblutrdPEessesn brdi Bcieadddedado they tQIG ZH2 I n

the case where there are demands for the renpval of a_l er, .or smnal]er
t hi cknessm{}?ocﬁ}ét ri al OFESPﬁ tHer BT Her 2P 9ot 1RO GRAL hgei%tﬁ"klpr‘l efd tHR%
fronltq% iq&§fishing apparatus in this embodiment are identical to
those of the polishing apparatus in the embodiment shown in
FIG. 5.

FIGS. 8 through 10 are illustrations for showing
other embodiments of the polishing apparatus. FIGS. 8A, 9A,
15 and 10A are cross-sectional views showing the structure of
the essential part of the polishing apparatus. FIGS. 8B, 9B,
and 10B are enlarged cross-sectional views of FIGS. BA, 93,

and 10A, respectively.
In the embodiments illustrated in FIGS. 4 through
200 7, the fluid pressure bag 8 comprising an annular tube
similar to an inner tube of a tyre for pressing the retainer
ring 7 is employed. However, in the case where the retainer
ring 7 is worn when it is used for a long period of time,
the fluid pressure bag 8 is elongated by the distance
25 corresponding to the amount of wear of the retainer ring 7,
and hence the retainer ring 7 1is pressed against the
polishing cloth 21 by the fluid pressure bag 8. 1In case of

the fluid pressure bag 8 shown in FIGS. 5 and 7, the fluid
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regi on of the workpi ece depending on the type of the 5 workpi ece such as a
sem conductor wafer, the amount of the material removed fromthe perRiphgg gl
portion of the workpiece can be intentionally increased or decreased.
Further, the anount of the nmaterial renoved fromnot only the peripheral
portion of the workpiece but also the 10 | ocalized area (for exanple,

central porbi88s@Fe Ot ebofblbAl 8hEPt ifdlr RALNEMInGARHRE £ £t hP8SshYe
i ncreased or decreased. Further, acCording to the present invention, the

top ring hasagharaaisyiifsti ceven tilfie thep fiwgd obrdbankeagmeld éyRevaleft
controllability of the distribution of pressure on the surface to be

pol i shed asmsghitegecharappeieali eabstahigalep theg stimgrydustend yperce. €.
applicability of uniformpressure onto the backside of the workpil ece.

Speci fical | s thesprepsihggfoaneappbyiednirolthed qatesisigre miard i Al bgfoneo 20
the outer circunferential portion or the central portion of the workpiece,
and applsy umeédnimg pressune diirmdrthebentobitea sned ace Tifust hehepopdl behing
Further, this top ring can control the region (w dth) of the outer

ci rcunf erentharagoerishios thefcenthal perriprendlt hecawtikpieceofo whheh 25
pressure is applied. Although certain preferred enbodi nents of the present

i nvention haSBLlERRAUGHIGN WhiPes®tined witdet RRFSape sAbul Bibe uAWEiBYood
that various changes and 47 2 7 AUG ~OOZ podi fications_my be nade

therein wi t ARt IRMEPAF (PFREFS IR IRL Sichipes FRLTPRAUPIR FERE R Si dnd aBence 7
AU 2002 el 12 SLPHIER 6o kpERRPR BN 'S0k Lal g uer ol oo
10 In order to solve the above problem, in the
embodiments shown in FIGS. 8 through 10, a pressing
mechanism for pressing the retainer ring 7 uses such a
structure that a desired pressing force can be applied to
the retainer ring without depending on an elongation of
15 elastic material such as rubber.

In the embodiment shown in FIGS. 8A and 8B, a pair
of seal rings 40A and 40B are provided in a groove defined
between the attachment flange portion 2a of the top ring
body 2 and the outer peripheral portion 3b of the holding

20 plate 3. The lower seal ring 40A comprises a ring 4la for
pressing the retainer ring 7, and a lip seal 42a for sealing
a clearance between the ring 4la and the holding plate 3 and
a clearance between the ring 4la and top ring body 2. The
upper seal ring 40B comprises a ring 41lb fixedly mounted on
25 the attachment flange portion 2a of the top ring body 2, and
a lip seal 42b for sealing a clearance between the ring 41b
and the holding plate 3 and a clearance between the ring 41b

and top ring body 2. A space 43 is defined between the
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a top ring for holding a workpi ece and pressing the workpi ece agai nst said
polishing surface; a pressing surface of said top ring for pressing qu\GZMZ
wor kpi ece, said pressing surface being deformable by fluid having variaé{e
pressure; a fluid pressure bag provided between said pressing surface and

t he workpi ece; and a retainer ring for retaining the workpiece within said

top ring, sghebfsei@hNerinlNPoRN GRS B8 eSodeROldedll NG Y TARALE WHIE s Face

vari able pressing force. 2. An apparatus as clainmed in claiml1, wherein

said top rifg LORASEStA PEESHNUF R A s dad B seddk pFrRSsiNg wrdege, a sai d
pressing surface being defornmed by supplying said fluid having said

vari abl e pressaéetdint @43 chanhgse def3i nednly $Sairdqgunesdrngrpl abe. tBatAna
apparatus as clainmed in claiml, wherein said fluid has positive pressure
or negati veppsessti Led 4f LA appel ahss aaprebaumededn adkraicanl ,beveuep hisai d
pressing force applied by said retainer ring is variable by supplying fluid
havi ng aritabl eher spaaeed349 Tharéfads, 2662 prels iagpdoates o widedreoly i n
claim2, wherein an interior of said fluid pressure bag is connected to a
flui d sour ceh¢ hréangh 4ra opend nghicormeth imesardngr dssi hgepl &he, pnesaifigui d
passage. 6. An apparatus as clainmed in claim2, further conprising a porous
pl at e provi Betcenpsavddpdedsyt n§hpl et aiadmhgr ANGufoe?ne? [FSbeesPPbisRINGW ng
said fluid to be spreaded over a surface of said fluid _pressure bag. 7. A
method for BHPEEN? hoCARWBRKPRABEESSaPH REONGE LeGmitissifigiid pressure of

the pressurized fluid to be delivered into the space 43 by

10 means of the regulator R,.

In the embodiment shown in FIGS. 8A and 8B, a
communication hole 2k is provided in the attachment flange
portion 2a of the top ring body 2 to supply a cleaning
liquid such as deionized water (pure water) to the retainer

15 ring 7 and components around the retainer ring 7. The
retainer ring 7, and the components around the retainer ring
7 such as the upper and lower seal rings 40A and 40B are
cleaned by the cleaning liquid delivered through a tube 46,
a connector 47, and the communication hole 2k.

20 According to the embodiment shown in FIGS. 8A and
8B, the vertical movement of the seal ring 40A is not
limited, differently from that of the embodiments shown in
FIGS. 5 and 7. The seal ring 40A can press the retainer
ring 7 under a desired pressing force even when the retainer

25 ring 7 is worn.

In the embodiment shown in FIGS. 9A and 9B, a
ring-type air cylinder 50 is provided in a groove formed

between the attachment flange portion 2a of the top ring
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9B, the vertical movement of the ring-type piston 52 is not
limited, differently from that of the embodiments shown in
FIGS. 5 and 7. The ring-type piston 52 can press the
retainer ring 7 under a desired pressing force even when the
25 retainer ring 7 1is worn. Other structural and functional
details of the polishing apparatus according to this

embodiment are identical to those of the polishing apparatus

according to the embodiment shown in FIGS. 8A and 8B.
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attachment flange portion 2a of the top ring body 2. A
ring-type piston 61 contacts the fluid pressure bag 60, and
5 a part of the ring-type piston 61 is embeded into the fluid
pressure bag 60. The arrangement shown in FIG. 10 is a kind
of ring-type air cylinder 1in which a pressing force is
provided by the fluid pressure bag 60 onto the ring-type
piston 61 by applying the fluid pressure to the fluid
10 pressure bag 60 accomodated within the cylinder. The fluid
pressure bag 60 has a space into which a pressurized fluid
is supplied. The fluid pressure bag 60 presses the ring-
type piston 61 not by its own expansion but by its own
deformation caused by the fluid pressure, so that there is
15 no variation of the pressing force due to the extension or
expansion of the bag. This arrangement can dispense with a
seal means such as a lip seal and reduce the hysterisis of
the pressing force caused by the seal. A pin 65 is provided
to allow the vertical movement of the ring-type piston 61,
20 but to prevent the rotation of the ring-type piston 61. In
this embodiment, the communication hole 2k for cleaning the
retainer ring 7, the fluid pressure bag 60 and the ring-type
piston 61 is formed radially inwardly of the fluid pressure

bag 60 and the ring-type piston 61.
25 FIGS. 11 through 13 show embodiments in which a
pressing mechanism for pressing a retainer ring shown in
FIGS. 8 through 10 is provided in a conventional top ring

having a wafer holding surface which is formed by high-rigid
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& () - 3E e012k3nB303psyXMBAYyslO01 comprises a top ring body 2, and a

holding plate 3A for holding an upper surface of the

5 workpiece, to be polished, such as a semiconductor wafer 4

(see FIG. 4). The holding plate 3A is formed by high-rigid

material such as ceramics, and a wafer holding surface 3a

is not deformable. An elastic pad 6 is attached to the

lower surface of the holding plate 3A. A retainer ring

10 (guide ring) 7 for holding the semiconductor wafer 4 on the

lower surface, 1i.e. the wafer holding surface 3a' of the
holding plate 3A is disposed around the top ring body 2.

A chamber C' is defined between the holding plate

3A and the top ring body 2, and this chamber C' is provided

15 not for causing the holding plate 3A to be deformed but for

supplying fluid to the lower surface of the holding plate 3A

through communication holes 3m formed in the holding plate

3A. Specifically, by supplying a pressurized fluid such as

a compressed air to the chamber C', the pressurized fluid is

20 ejected from the wafer holding surface 3a' of the holding

plate 3A to apply a backside pressure to the semiconductor

wafer 4. By evacuating the interior of the chamber C', the

semiconductor wafer 4 is held by the holding surface 3a' of

the holding plate 3A under vacuum. Further, when the

25 semiconductor wafer 4 is removed from the holding surface

3a', liquid such as pure water is supplied to the chamber C°',

and then ejected from the holding surface 3a' of the holding

plate 3A.
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FIGS. 8 through 10, respectively, at the attachment flange

portion 2a of the top ring body 2. That is, in the top ring

5 shown in FIG. 11, the seal rings 40A and 40B shown in FIG. 8

are provided to press the retainer ring 7 against the

polishing cloth 21 (see FIG. 4). In the top ring shown in

FIG. 12, the ring-type air cylinder 50 shown in FIG. 9 is

provided to press the retainer ring 7 against the polishing

100 cloth 21. Further, in the top ring shown in FIG. 13, the

fluid pressure bag 60 shown in FIG. 10 is provided to press

the retainer ring 7 against the polishing cloth 21.

Therefore, in the embodiments shown in FIGS. 11 through 13,

even if the retainer ring 7 is worn, the pressing mechanism

15 for pressing the retainer ring 7 can press the retainer ring

7 against the polishing cloth 21 under a desired pressing
force.

Next, a polishing apparatus according to a second

aspect of the present invention will be described with

20 reference to FIGS. 14 through 19. The required performance

of the top ring is to polish various f£films (layers)

deposited on the semiconductor wafer uniformly over the

entire surface of the semiconductor wafer. In this case,

the surface of the semiconductor wafer can not be polished

25 uniformly over the entire surface thereof depending on the

performance of the polishing apparatus or the top ring. It

is therefore necessary to control the pressing force applied

to the semiconductor wafer locally.
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om uh rm1£lﬁ5+f gyémount of material to be removed by

polishing over the entire surface to planarizing the surface

of the semiconductor wafer after polishing. This is due to

5 the fact that the semiconductor wafer to be polished has a

deposited film (layer) which is not flat over the entire

surface thereof. The film (layer) has local areas in which

the thickness of the film is thicker than that of other

areas depending on the kind of film or the condition of

10 deposition. For example, in some cases, the thickness of

the film on the outer circumferential portion of the

semiconductor wafer 1is larger than that on the central

portion of the semiconductor wafer. In such cases, it is

necessary to make the entire surface of the semiconductor

15 wafer flat by applying a polishing pressure onto the thick

area higher than that applied onto other area for thereby
removing more material from the thick area.

In the top ring of diaphragm-type in which the

wafer holding surface is deformable by the fluid pressure as

20 shown in FIGS. 1 through 10, an elastic pad (backing film)

is attached to the metallic holding plate constituting a

diaphragm, and the semiconductor wafer is polished by

applying a polishing pressure to the backside surface of the

semiconductor wafer through the elastic pad. The

25 semiconductor wafer is polished uniformly over the entire

surface thereof while controlling the shape of the wafer

pressing surface (the wafer holding surface) so as to be
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polished wafer can be also controlled by partially pressing
the semiconductor wafer intensively with the deformed
5 diaphragm. However, as long as the elastic pad (backing
film) is wused, there are many unstable factors such as
uneven quality of the backing film, variation of the modulus
of elasticity with the passage of time due to its continuous
operation, uneven modulus of elasticity within the surface
10 due to difference of water absorption.

In the top ring of membrane-type in which the
semiconductor wafer is pressed through an elastic membrane
of rubber by the pressurized fluid, it is possible to apply
uniform pressure to the backside surface of the

15 semiconductor wafer through the elastic membrane. However,
such top ring can apply uniform pressure onto the entire
surface of the semiconductor wafer, but can not apply
controlled pressure 1in local areas. It 1is therefore
difficult to control the profile of the polished wafer

20 partially.

According to the second aspect of the present
invention, there is provided a top ring which has
characteristics of the top ring of diaphragm-type shown in
FIGS. 1 through 10, i.e. controllability of the distribution

25 of pressure on the surface to be polished as well as
characteristics of the top ring of membrane-type, i.e.

applicability of uniform pressure onto the backside of the

semiconductor wafer. Specifically, this top ring can apply
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--Bf f gi gj gkpbg¥86nhor=&he central portion of the semiconductor wafer,
and apply uniform pressure onto the entire surface of other
portion. Further, this top ring can control the region

5 (width) of the outer circumferential portion or the central
portion of the semiconductor wafer to which pressure is
applied.

FIG. 14 shows the basic principles of the second

aspect of the present invention. In a top ring according to

10 the second aspect of the present invention, an elastic
membrane is added to the diaphragm-type top ring shown in
FIG. 1. As shown in FIG. 14, the top ring 1 comprises a top
ring body 2, a pressing plate 3' for pressing a workpiece,

to be polished, such as a semiconductor wafer 4, and an

15 elastic membrane 10 outwardly of the pressing plate 3°'.
The elastic membrane 10 is made of rubber having strength

and durability such as ethylenepropylene rubber (EPDM),
fluoro rubber, or silicon rubber. A space between the
pressing plate 3' and the elastic membrane 10 is connected

20 to the fluid source 5 through a fluid passage comprising a
tube and a connector, and a regulator R,. A chamber C is
defined between the top ring body 2 and the pressing plate

3', and is connected to a fluid source 5 through a regulator

R,. A retainer ring (gquide ring) 7 for holding the

25 semiconductor wafer 4 on the lower surface, i.e. the wafer
holding surface 10a of the elastic membrane 10 is disposed
around the outer peripheral portion of the top ring 1. A

fluid pressure bag 8 comprising an annular tube is prowvided

38



111s110%t& ()-s!10% & ()-F(10% & ()- 10 10

10<10%&' () - ! SOMBLOY& ()---h/ hh=iiikz[9~ =0 I11~ 27 AUG 2002
MB10%& () - Ff 10% & ()-!t9$10%& ()- !k9$10% t & ()- !9$10%Iu& () -
& 10% & ()-k8I 1111 Tm{\:0 !11!SMB109%0& ()-3'f10%& ()- 10t 10t 10tL<

10% & ()-!'y MBLO%&' ()-F!'y MBLO%&' () - Fno7p[ ger GsJsKswlUe+: 10=
10%& () - ! ~SMELQfeh he 3tSMIOYESEN 4 ) 735ndVEHRYtD (1idd SMP10FRBE fL)rid ¥
SMB10%&&&' () - 3KsLsMsZsHt\t; ulvjH 10= 10% pfS: $10% & ()-f !'kfS: $109%& ()-f
fS $10%& (pressl@M Ha)y '8 ¥ Edynedfed to the fluid source 5 through a
regulator R,. A turntable 22 having a polishing cloth 21
attached thereon is disposed below the top ring 1. The
5 polishing cloth 21 constitutes a polishing surface which is
brought in sliding contact with the semiconductor wafer for
thereby polishing the semiconductor wafer.
The top ring 1 is connected to a top ring shaft 12
through a ball 11. The top ring shaft 12 is connected to a
10 fluid pressure cylinder 14 fixedly mounted on a top ring
head 13. The fluid pressure cylinder 14 serves as an
actuator for moving the top ring 1 vertically, and is
connected to the fluid source 5 through a regulator R,.
In the above structure, by supplying a pressurized
15 fluid such as a compressed air to the fluid pressure
cylinder 14 from the fluid source 5, the top ring 1 presses
the semiconductor wafer 4 to be polished against the
polishing cloth 21 on the turntable 22 under a certain
pressing force F, for thereby polishing the semiconductor
20 wafer. The pressing force F, 1is variable by regulating the
regulator R;.
In the above structure, when a pressurized fluid
such as a compressed air 1s not supplied to the chamber C
from the fluid source 5, or the chamber C is not evacuated
25 to create negative pressure therein by the fluid source 5,
i.e. positive pressure or negative pressure is not applied
to the diaphragm comprising the pressing plate 3', the top

ring provides the same performance as the membrane-type top
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between the pressing plate 3' and the elastic membrane 10,

5 and hence the top ring 1 presses the semiconductor wafer 4
against the polishing cloth 21 through a fluid pressure bag
defined by the elastic membrane 10. Therefore, it is
possible to apply uniform pressure onto the backside of the
semiconductor wafer through the fluid pressure Dbag

10 comprising the elastic membrane 10.

On the other hand, by supplying a pressurized
fluid such as a compressed air to the chamber C from the
fluid source 5 to apply positive pressure to the diaphragm
comprising the pressing plate 3', as shown in FIG. 15, the

15 pressing plate 3' 1is deformed so as to have a convex
pressing surface, in a downward direction, whose maximum
projecting height is about 0.1 mm. Therefore, the pressing
plate (diaphragm) 3' is partially brought in contact with
the elastic membrane 10. When the load or pressure of the

20 top ring is increased, the central portion of the diaphragm
(pressing plate) 3' presses the semiconductor wafer 4 only
through the elastic membrane 10 without interposing fluid
pressure formed by a fluid pressure bag. In other portion
where the pressing plate 3' does not contact the elastic

25 membrane 10, the elastic membrane 10 is pressurized
uniformly by fluid pressure, and hence the semiconductor

wafer 4 1is pressed against the polishing cloth 21 under

uniform pressure developed by the fluid pressure bag.
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in FIG. 16, the pressing plate 3' is deformed so as to have
a concave pressing surface, in a downward direction, whose
maximum denting height is about 0.1 mm. Therefore, the
pressing plate (diaphragm) 3' is partially brought in
contact with the elastic membrane 10. When the load or
pressure of the top ring 1is increased, the outer
circumferential portion of the diaphragm (pressing plate) 3
presses the semiconductor wafer 4 only through the elastic
membrane 10 without interposing fluid pressure formed by the
fluid pressure bag. In other portion where the pressing
plate 3' does not contact the elastic membrane 10, the
elastic membrane 10 1is pressurized uniformly by fluid
pressure, and hence the semiconductor wafer 4 is pressed
against the polishing cloth 21 under uniform pressure
developed by the fluid pressure bag.

FIGS. 17 and 17B are graphs showing the
distribution of pressure applied to the semiconductor wafer
obtained by controlling the pressure applied to the
diaphragm. FIG. 17A represents the distribution of the
pressure applied to the semiconductor wafer when the
pressing plate (diaphragm) 3’ is in the condition
illustrated in FIG. 15, and FIG. 17B represents the
distribution of the pressure applied to the semiconductor
wafer when the pressing plate (diaphragm) 3' 1is in the

condition illustrated in FIG. 16. In FIGS. 17A and 17B, the
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1098 () Sk~!PHSIYNCD! -applied onto the surface of the wafer at the
central portion or the outer circumferential portion can be
controlled by controlling the pressure applied to the
pressing plate (the diaphragm) 3'. Further, as shown in
FIGS. 17A and 17B, the region (width) in the central portion

100 or the outer circumferential portion of the semiconductor
wafer to which pressure is applied can be controlled by
varying the magnitude of positive pressure or negative
pressure to be applied to the pressing plate (the diaphragm)
3'. The partially pressurized region (width) is represented

15 by PAl and PA2 in FIGS. 15 and 16. These regions PAl and
PA2 can be wider or narrower by changing the magnitude of
positive pressure or negative pressure applied +to the
pressing plate (the diaphragm) 3'.

FIG. 18 shows an embodiment in which a porous

20 plate 80 1is provided on the lower surface of the pressing
plate constituting the diaphragm. As shown in FIG. 18, by
providing the porous plate 80 on the lower surface of the
pressing plate 3', the pressurized fluid can be delivered
into a clearance defined between the pressing plate

25 (diaphragm) 3' and the elastic membrane 10 even if the
clearance 1is very small. Therefore, the pressurized fluid

can be spreaded over the entire surface of the elastic

membrane 10 to allow the semiconductor wafer to be pressed
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through 18 holds the semiconductor wafer. FIG.

5 the state in which the semiconductor wafer is not held,

19A shows

and

FIG. 19B shows the state in which the semiconductor wafer is

10

15

20

25

held.

As shown in FIGS. 19A and 19B, the semiconductor
wafer is held in the following manner: when  the
semiconductor wafer is not held by the top ring 1, the
pressing plate (diaphragm) 3' is deformed to an upwardly
concave configuration by applying negative pressure thereto,
and the semiconductor wafer 4 is brought in contact with the
elastic membrane 10, and then the space defined between the
pressing plate (diaphragm) 3' and the elastic membrane 10 is
evacuated to develop negative pressure therein. If the
amount of deformation of the diaphragm is controlled so as
to be falled within 0.1 mm, then the semiconductor wafer 1is
prevented from being broken due to the deformation thereof
even if the semiconductor wafer is deformed so as to conform
to the surface of the diaphragm (the lower surface of the
pressing plate 3'). Further, it is possible to control the
force for attracting the semiconductor wafer by changing the
magnitude of deformation of the diaphragm.

FIG. 20 1s a cross-sectional view showing a
detailed structure of a polishing apparatus according to the
second aspect of the present invention. In a top ring

according to the second aspect of the present invention, an
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of the pressing plate 3'. An opening 3g is formed in the
pressing plate 3', and a tube 72 is connected to the opening
3g through a connector 71. The tube 72 is connected to a
fluid source 5 through a connector 74 fixed to the lower
10 surface of the top ring body 2, an opening 2g formed in the
top ring body 2, a connector 75 fixed to the upper surface
of the top ring body 2, and a tube 76.
In the above structure, the pressurized fluid is
delivered between the pressing plate 3' and the elastic
15 membrane 10 through the opening 3g, the connectors 75, 74,
and 71, and the tubes 76 and 72 to form a fluid pressure bag
formed by the elastic membrane 10 on the lower side of the
pressing plate 3'. That is, the connectors 75, 74 and 71,
and the tubes 76 and 72 constitutes fluid passage for
20 supplying a pressurized fluid from the fluid source 5 to the
interior of the fluid pressure bag comprising the elastic
membrane 10. The top ring of this embodiment exhibits
characteristics of the top ring of diaphragm-type, 1i.e.
controllability of the distribution of pressure on the
25 surface to be polished as well as characteristics of the top
ring of membrane-type, i.e. applicability of uniform

pressure onto the backside of the semiconductor wafer.

Specifically, this top ring can apply controlled pressure
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uniform pressure onto the entire surface of other portion.
Further, this top ring can control the region (width) of the
5 outer circumferential portion or the central portion of the
semiconductor wafer to which pressure is applied.

In the present invention, the polishing surface on
the turntable can be formed by the polishing c¢loth
(polishing pad) or a fixed-abrasive. Examples of

10 commercially available polishing cloth are SUBA 800, IC-1000,
IC-1000/SUBA 400 (double layered cloth) manufactured by
Rodel Products Corporation and Surfin xxx-~5, and Surfin 000
manufactured by Fujimi Inc. The polishing cloth sold under
the trade name SUBA 800, Surfin xxx-5, and Surfin 000 is

15 made of non-woven fabric composed of fibers bound together
by urethane resin, and the polishing cloth sold under the
trade name IC-1000 is made of hard polyurethane form (single
layered) which is porous and has minute recess or micropores
in its surface.

20 The fixed-abrasive is formed into a plate shape by
fixing abrasive particles in a binder. The polishing
operation is performed by abrasive particles self-generated
on the surface of the fixed-abrasive. The fixed-abrasive is
composed of abrasive particles, binder and micropores. For

25 example, the abrasive particles used in the fixed-abrasive
are cerium oxide (Ce0O,) having an average particle size of
not more than 0.5 #m, and epoxy resin is used as the binder.

The fixed-abrasive constitutes a hard polishing surface.
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abrasive but also a double layered fixed-abrasive pad
comprising a fixed-abrasive and a polishing pad having
elasticity to which the fixed-abrasive is adhered. Another
5 hard polishing surface can be provided by the above
mentioned IC-1000.
The turntable to be employed in the present
invention is not limited to the turntable of a type which
rotates around the central axis thereof, and includes a
10 table of scroll type in which any point on the table makes a
circulative translational motion.
As described above, the present invention offers
the following advantages:
The distribution of the pressing force of the
15 workpiece is prevented from being nonuniform at the central
portion or the peripheral portion of the workpiece during
the polishing process, and the polishing pressures can be
uniformized over the entire surface of the workpiece.
Therefore, the central portion or the peripheral portion of
20 the workpiece is prevented from being polished excessively
or insufficiently. The entire surface of workpiece can thus
be polished to a flat mirror finish. In the case where the
present invention is applied to semiconductor manufacturing
processes, the semiconductor devices can be polished to a
25 high quality. Since the peripheral portion of the

semiconductor wafer can be used as products, yields of the

semiconductor devices can be increased.
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region of the workpiece depending on the type of the
5 workpiece such as a semiconductor wafer, the amount of the
material removed from the peripheral portion of the
workpiece can be intentionally increased or decreased.
Further, the amount of the material removed from not only
the peripheral portion of the workpiece but also the
10 localized area (for example, central portion or outer
circumferential portion) can be intentionally increased or
decreased.

Further, according to the present invention, the
top ring has characteristics of the top ring of diaphragm-
15 type, 1.e. controllability of the distribution of pressure
on the surface to be polished as well as characteristics of
the top ring of membrane-type, i.e. applicability of uniform
pressure onto the backside of the workpiece. Specifically,
this top ring can apply controlled pressure partially onto
20 the outer circumferential portion or the central portion of
the workpiece, and apply uniform pressure onto the entire
surface of other portion. Further, this top ring can
control the region (width) of the outer circumferential
portion or the central portion of the workpiece to which

25 pressure is applied.
Although certain preferred embodiments of the
present invention have been shown and described in detail,

it should be understood that various changes and
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What is claimed is:

1. An apparatus for polishing a workpiece, said
apparatus comprising:

a turntable having a polishing surface;

a top ring for holding a workpiece and pressing
the workpiece against said polishing surface;

a pressing surface of said top ring for pressing
the workpiece, said pressing surface being deformable by
fluid having variable pressure;

a fluid pressure bag provided between said
pressing surface and the workpiece; and

a retainer ring for retaining the workpiece within
said top ring, said retainer ring pressing said polishing

surface under a variable pressing force.

2. An apparatus as claimed in claim 1, wherein

said top ring comprises a pressing plate having said
pressing surface, said pressing surface being deformed by
supplying said fluid having said variable pressure into a

chamber defined by said pressing plate.

3. An apparatus as claimed in claim 1, wherein

said fluid has positive pressure or negative pressure.

4. An apparatus as claimed in claim 1, wherein
said pressing force applied by said retainer ring is

variable by supplying fluid having variable pressure.
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5. An apparatus as claimed in claim 2, wherein
an interior of said fluid pressure bag is connected to a
fluid source through an opening formed in said pressing

plate, and a fluid passage.

6. An apparatus as claimed in claim 2, further
comprising a porous plate provided on said pressing plate
having a number of pores for allowing said fluid to be

spreaded over a surface of said fluid pressure bag.

7. A method for polishing a workpiece, said
method comprising:

holding a workpiece between a polishing surface of
a turntable and a pressing surface of a top ring;

Pressing the workpiece against said polishing
surface through a fluid pressure bag provided between said
pressing surface and the workpiece in such a state that said
pressing surface for pressing the workpiece is deformed to a

desired shape by fluid having variable pressure; and

pressing a retainer «ring for retaining the
workpiece within said top ring against said polishing

surface under a variable pressing force.

8. An apparatus as claimed in claim 1, wherein

said fluid pressure bag comprises an elastic membrane.
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