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Field of the Invention: 5 The present inventi-on relates to a polishing :
apparatus for polishing a workpi ece such as a sem conductor wafer to a flat

mrror finish, and nore particularly to a nulti-head type pplisﬂ'
apparatus having a plurality of tog ri n(?sﬁ%gspor ho!sglnngfv\ﬂllépk:ce !’J&W{l‘g«"‘"’"’"’l””’"

respect to a single 10 polishin§0¥ B BN | at AP

Recent rapid progress in sem conductor device integration demands smalfer

and snmaller wiring patterns or interconnections and al so narrmmmﬂmmﬂmmm w

bet ween 15 interconnecti ons_whi t ' s. One o m

processes avail able for forRﬁﬁgggﬂﬁﬁgRﬁfé?@%ﬁ%ﬁ@?&gﬁﬁis phot ol i t hography.

The phot ol Lt r aphj . requires that surfaces on which pattern
‘f}g?gegf Lire pfd&ﬁe;}&;ont.

| mages are ocuse St'epper should be as flat as possi bl e because

the depgh of 20 focuSyl {BEeOB ColnRiRlitlh | $TdiBlAL! VLY SMBlo1 ibhihg

therefore necessary to nak e surfaces of sem conductor waf at “for

phot ol i t hogpaRBY NG FUPATRIY nYa¥% Mol AENd Zhdkh LR UdAERdRauhs
seniconduct%? ma?%r ig tg;pg%isﬁﬁ?he §%n#%bn uctor wafer by a 25 ghenfca
nmechani cal wagbkshidda ( @YR: RENGRSES. £IMEdlE, hasdberRrek Mupt idulidrily- herdat ype
pol i shing apparatus which has a plurality of top rings for hol di ng

sen conducinalthehe€ad wypd pespsiting Capparatgise hadlinghiangliahlety of top

rings for holding workpieces with respect to a single
10 polishing table.
Description of the Related Art:

Recent rapid progress in semiconductor device
integration demands smaller and smaller wiring patterns or
interconnections and also narrower spaces between

15 interconnections which connect active areas. One of the
processes available for forming such interconnection is
photolithography. The photolithographic process requires that
surfaces on which pattern images are to be focused by a
stepper should be as flat as possible because the depth of

20 focus of the optical system is relatively small. It is
therefore necessary to make the surfaces of semiconductor
wafers flat for photolithography.

One customary way of planarizing the surface of the
semiconductor wafer is to polish the semiconductor wafer by a

25 chemical mechanical polishing (CMP) process.

There has been known a multi-head type polishing

apparatus which has a plurality of top rings for holding

semiconductor wafers with respect to a single polishing table



w 4 P~1AR 2003 and can polish a plurality of sem conductor wafers
simultaneously. In this nulti-head type potishing apparatus, sem contl e dpls
waf ers are nounted on the respective top rings, and then all of the

sem conductor wafers held by the top rings 5 are simnultaneously pressed

agai nst a poljshing surface of the polishing table and pqlished. After
pol i shi ng &% heC&Bni (Rﬂ?d@g’t oravvaf%"’fail&té’ono‘?ﬁt eFHYFORAPFEREL erMRTSES

time, all of, t top rings holding the_sem conduct or fers are raised from

Lhe hol 1 ehaigieaneBut e naR Shid hlEr D R e e T R AR TH R hiave

been polished .are regoveda%r omthe tO‘F s. .Thereafter seni.conduct or
fh¥ats

ring . ne
waf or & ar o SOUREBEUEROF nBAERRS 1 PRGSTOTRETheSH: SrfErt FOHEaT SR 1 dod 4y pe
oL Shi 9, SRRALALHS ade°6e! BRD_ShpkGncbdllols Ghiekits OhoSETE OBILGLR MGLES 15
are sinultaneously poli shed, "an oadl ng and unT 0adr ng .é. re acer?ent)
of the gem g5y a ' I@Qﬁ%{sl @1%;’.}5 : er ¢ iyt he
case \/\hgreEﬁ%%g%lﬁgig:?%@%egggnﬁ)gg%%d%%t% wa er%/ to be tpg%diss e %n caf .t’iﬁe
plurality ofo1ti@Rihigndtadne uahaadpBlifhedhe SefANdULIOIsHARIET Hamigl have
20 been poli shed fromthe top rings are autonated, |oading and unl oading of
the sem conrdu@icendwetsrs valferlecas sasydidcde perf ar deternshedt e
W thout a transfer error. However, in the nufti-head type polishing
appar at us, allleref hahebeesp nerihgadihnddding utheoadenicordhards mvalieesd care neet
such 25 requirenents. The conventional nufti-head type polishing apparatus
is a dedi cateégegol ifsbing thppapallishing coaklet i rapdnltheiol il ngpfof the
. sem conductor wafers, and hence the 2 _. 4 P4;~r; ~ 003 sem conductor
waf er s 1éhi ciemigpadpesarpepfenedviniah thayies peenenol shedesre cremovaty fnagcess
by a novable container in which they are inmersed in water to keep them
from dryi ng"@ur £AB t¥REDor t aFRrPre2 veReV| PYIHERIISSRL nWakeEh e
polishing 5 process a t he cl eaning process are separately carried out,
t he cl eanl i"}?é@gegf °q gﬁ%agoﬁ’o’@rﬂqsé‘nds to be inpaired, and the polished

i duct f d be t db t | |
oper ated transportati oy mitns. cenvERsEohat] LA e [ ted Solfihide ¥
ated t . _ t e h si t
R S e e e e i e
cl eani g PrOEeSSimueRALEy igdb19588H, t @nlRkS il gP Yns Nid% 4H1EeSEL . e .

replacement) of the semiconductor wafers are simultaneously
conducted. However, in the case where 1loading of the
semiconductor wafers to be polished on a plurality of top
rings and unloading of the semiconductor wafers which have
20 been polished from the top rings are automated, loading and
unloading of the semiconductor wafers are necessary to be
performed in a short time without a transfer error. However,
in the multi-head type polishing apparatus, there has been no
loading and unloading mechanism which can meet such

25 requirements.
The conventional multi-head type polishing
apparatus is a dedicated polishing apparatus for conducting

only polishing of semiconductor wafers, and hence the



clean and reduce the installation space of the apparatus, 15 there hasibegn

demanded a nulti-head type polishing apparatus which perforns both a

pol i shing process and a cl eaning process therein and is of a dry-in and

dry-out type for introducing sem conductor wafers therein in a dry

condi tion and,rennving polishedEEnd cLeane seninn uq%or waf ers therefrom
or ighe 15

inadry Z@WWSE SHRERRY : PREERRFONP? h%’feéfa%n%ﬁi”bttﬁ ct
Whi ch can B8 28 G6EH S3eAnaPY. HroRRa oy oh MEyBR.BoFPBRPRI kA ULET has
P 0cess| ng BSkpTES EMBEEFE ds BeARSTaLRS oF St SPER (ERCH GBv Y <A BVt he
b bj ect [ t -4 hi Az,'. a' 2 . .
Present | nOGBE CrarR | Sy edrh e fefied b 3hiBRLER Mot dfing

mul ti-hgad, oy SifRg: I, Shd hayl (S () f oyl

pl ur:aI i tgy (? top SIr Fdr%g fflgerp o'%az@nrg&gvé)r pﬁ%gc?gé;g%é%%%ﬂsﬁﬁﬁ}gr%%ﬁmd?%te'ces 5

agai nst t heRold1shingnedsf 8¢Ca @168h0KS6h ORASUBHOE I DEpd Need Ofardd RAfe and
indexing the top rings; a rotary transporter disposed in a position which

can be accesseGhg tdenicthdudtes ardfdayi hged Rbursd | t¥afépdotdd OBy an
positioned on a predeterm ned circunference froma center of rotation of
the 10 rot aypedatarspast er af ormamiladilyy tdpenstiedpi etesmspgdreatdbar y means.
transporter having an indexing function for indexing the plurality of
portions; dhtrthepysherlarge tinmtsfléntioy sbacewikpregebrdsbt fmenwhekimndtary
_transporter and the top rings. According to the present invention, it is
possi b8 1®f oaphRaretnsehe aOMprisdygi reie t ®olighingr aRnagftecesand pade

pol i shed, such as sem conductor wafers, to the top rings for thereby
greatly i nGieRmg 1aRPITEHYS WrRathrbtedsd Br Kpre¥eLUSerthifhi subssmient o

t hr oughput . _Accardi n% to a second aspect of the present 20 invention, there
i s provi defEPYNIRFRGEEPpar at us having a mul ti-head, conprising: a

pol i shing tabl e havi ng.h%rggloirghi {lﬁe%\%rg%gcq__;o o Rurald tr?f?%{esf%i%f’q %Iln%gegsor

hol di ng wor kpi eces and pressing pi€eces agarl nst

surface; a oy Sghc(i)]‘: C%d%lap%ﬁé nQ.ntstE‘é‘\lELQEiéﬂg p la%’éd,éf‘d leN%a 441 25

rings; a pluralit eani ng appar at uses eani ng the workpi eces

whi ch have tran Rl Hrsh dRenladndes§ & MBERaAEsM tPpet paNSERIMd r%ﬁé}.%tus

pol i shed wor kpi eces between the cl eani ng apparatuses; and a workpi ece

st ati on hawhighvpetfoeme boa@kSadpolishing process and a cleaning process
therein and is of a dry-in and dry-out type for introducing
semiconductor wafers therein in a dry condition and removing

polished and cleaned semiconductor wafers therefrom in a dry

20 condition.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention
to provide a multi-head type polishing apparatus which can be
25 used as a dry-in and dry-out type polishing apparatus, has a
high procéssing capability per unit time and unit installation
area for processing workpieces such as semiconductor wafers.

In order to achieve the above object, according to



- 4 f~~~;" a~~ S for holding the workpieces in a standby state whil rg,,l}em .
wor kpi eces are cleaned in a plurality of stages through the cleani ng AVZ30S
apparatuses or before the workpi eces are cleaned. According to the present
i nvention, a part of 5 workpieces can be placed in a standby state in

wor kpi ece supports (workpiece trays) of a worknpiece station before bein
procgssed ianpéj'rsslfbsa(e?ﬁféﬁf ‘?J‘ffo‘&}é%sgr%ﬁfé‘%b’d?/vee st r&bjleqct%’{o"flgﬁduraeg,
and advantages of. the present inyention mﬁlllgﬁfqgfarent from.the 10

f ol | owi ng @gj&rs pPPon ARRET A8 Ren NBY10Gn) GhetTHF Wit %Y he SERSHSARGing 2

s LR S AT A Bty S
5 5 2 plan 0w thow Ro L1 CHRRRUTRPRE" i d, S eBR g PHeORIBLR e

whi ch tBregdhapsti e RYTINING ffiairerl ; ORSTAIRE®1 4 QippdrtSinge e al
cross-sectional view show ng the rel ationship between the nulti-head type

top rings &u»@,pojfim% b¥néhd neexaugeltrndedperpfgs shiana-dwidhe; tFkapdriey
perspective view show ng the relationship between the carousel, the top

ring swi ngddsm®sadd ia5 at p@stitfohi BPschycaR by | Sfcds SatPISY ttHe sy wilths
posts; FIG 5 is a perspective view show ng the relationship between the
carousel, tamel t dpavimygy swai nplaned iagd tdfe npdttidresad pypetiapedi nga by
removi ng the support nenber 5 ~+ h~~f~, ~ ~~~ ~ and the posts;
predetermined circumference from a center of rotation of the
10 rotary transporter for holding the workpieces, the rotary
transporter having an indexing function for indexing the
plurality of portions; and a pusher for transferring the
workpieces between the rotary transporter and the top rings.
According to the present invention, it is possible
15 to shorten the time required to transfer workpieces to be
polished, such as semiconductor wafers, to the top rings for
thereby greatly increasing the number of processed workpieces
per unit time, i.e., throughput.
According to a second aspect of the present
20 invention, there 1is provided a polishing apparatus having a
multi-head, comprising: a polishing table having a polishing
surface; a plurality of top rings for holding workpieces and
pressing the workpieces against the polishing surface; a
carousel for supporting the top rings and indexing the top
25 rings; a plurality of cleaning apparatuses for cleaning the
workpieces which have been polished; a transfer mechanism for

transferring the polished workpieces between the cleaning

apparatuses; and a workpiece station having workpiece trays



FIG 6 is a plan view of a guide plate; FIG 7A is a plan view of a -
reversing device; FIG 7B is a side elevational view, partly in crosé MR /004
section, of the reversing device; FIG 8 is a vertical cross-sectional view
of alifter; FIG 9 is a plan viewof a rotary transporter; FIG 10 is a
vertical crposs-sectional,  view of the 10 rotary transporter; FIG. .11 is a
vertical orfols. BOLEEBHal tAR cWOGKPISRERnets M CEEARGRY | ity YOELE, (e
vertical cross-sectional views illustrative of the_manner in.which the
busher - operatibieresrate 15ivinad IR AamtiEalicy sec e ARGy

constr ot 9l sbEbgHRLHa 4P Al L RARELADETERL Slegn Pl oo
20 FIG 15 is a schemgldt, G Ags- S6C ML ke SN M ion, a part of
5 workpieces can be placed in a standby state in workpiece
supports (workpiece trays) of a workpiece station before being

processed in a subsequent process.

The above and other objects, features, and
advantages of the present invention will be apparent from the
10 following description when taken in conjunction with the

accompanying drawings which illustrates preferred embodiments

of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 is a plan view showing a layout of various
components of a polishing apparatus;

FIG. 2 is a plan view showing polishing units on
the left and right sides in which three top rings perform
different operations;

20 FIG. 3 is vertical cross-sectional view showing the
relationship between the multi-head type top rings supported
by the carousel and the polishing table;

FIG. 4 1is a perspective view showing the
relationship between the carousel, the top ring swing arms and

25 the top rings by removing a support member and posts;

FIG. 5 1is a perspective view showing the
relationship between the carousel, the top ring swing arms and

the multi-head type top rings by removing the support member



the structure of the top ring; FIG 16 is a graph show ng the configqgg@ﬂﬁﬁ
of the wafer holding surface of the holding plate of the top ring; FI'GS" "™
17A, 17B, and 17C are enlarged fragnentary 25 vertical cross-sectional

vi ews showi ng the behavior of a polishing cloth when the rel ationship
between a pressing force applied by a top ring and a pressing force applied
by a retaiﬁEFf§¥ﬁbFF§t§aried; 6 ~f~~~"tf; ?~)SFIG 18 is a vertical

cross-sectional view (%farﬁgn%gﬁglnla-%xgg \Qf(—l:-viv %%T%glghgglee-g.lg ((33_ 19A is a

cross-sectional viewt i I 1 FIG 19B is a

cross-sectional view th_Jr&enﬁl %tgﬁlawg )glre‘%oqa‘ aE'r e%?élgg %lgé) is a front

view of a dresser for €ssing pol'i shing 't able; 'S a front

U 1, VLT 520 O, 19 oAb Reltenie i, acbed o A4S
5 section, of the reversing device;
FIG. 8 1s a vertical cross-sectional view of a
lifter;
FIG. 9 is a plan view of a rotary transporter;
FIG. 10 is a vertical cross-sectional view of the
10 rotary transporter;
FIG. 11 is a vertical cross-sectional view of a
pusher;
FIGS. 12A through 12E are vertical cross-sectional
views illustrative of the manner in which the pusher operates;
15 FIG. 13 is a schematic cross-sectional view showing
a construction of a first polishing table and an arrangement
of an optical sensor;
FIG. 14 is a plan view of the polishing apparatus
shown in FIG. 13;
20 FIG. 15 is a schematic cross-sectional view showing
the structure of the top ring;
FIG. 16 is a graph showing the configquration of the
wafer holding surface of the holding plate of the top ring;
FIGS. 17A, 17B, and 17C are enlarged fragmentary
25 vertical cross-sectional views showing the behavior of a
polishing cloth when the relationship between a pressing force
applied by a top ring and a pressing force applied by a

retainer ring is varied;



in the direction indicated by the arrow |l of FIG 21A; FIG 22Bis a 4?W[
of the wafer station as viewed in the direction indicated by the arré&ﬁ

15 FIG 22Cis a view of the wafer station as viewed in the direction
indicated by the arrow I1l; FIG 22D is a view of the wafer station as

viewed in the directi 9.|_aLGby 8helgrrovyl“ld:z){:l({: cng& |%Car}|w&§ﬁ/ g%’ft“?ﬁ faﬁr23c
roug

station as viewed 20 in fhe dlrectlon e arr ow

are views igd E&L@gh¥eP§il%$%E§Tﬁg§% J n which the wafer station operates;

FIG 24 isa |agr 'a wafer processing route in the

pol i shi ng appar at us S*f*gwn h6aFI 65, érc?ésléé%%nﬁe pO{a ZReh Sa fortl] AGHAM

illustrative of the wa processing route int |ng apparatus shown

in FIGS 1ghowghe287g7 184 ~"~~ 103 FIG 26 is a dlagran1|IIustrat|ve of
the wafer processing route in the polishing apparatus shown in FIGS. 1
5 FIG. 19B is a cross-sectional view taken along line

X - X of FIG. 194;
FIG. 20 is a front view of a dresser for dressing
the polishing table;
FIG. 21A is a front view of a wafer station;
10 FIG. 21B is a side view of the wafer station;
FIG. 22A is a view of the wafer station as viewed
in the direction indicated by the arrow I of FIG. 21A;
FIG. 22B is a view of the wafer station as viewed
in the direction indicated by the arrow I ;
15 FIG. 22C is a view of the wafer station as viewed
in the direction indicated by the arrow II;
FIG. 22D is a view of the wafer station as viewed
in the direction by the arrow [V;
FIG. 22E is a view of the wafer station as viewed
20 in the direction by the arrow V;
FIGS. 23A through 23C are views illustrative of the
manner in which the wafer station operates;
FIG. 24 1is a diagram illustrative of a wafer
processing route in the polishing apparatus shown in FIGS. 1
25 though 23;
FIG. 25 is a diagram illustrative of the wafer
processing route in the polishing apparatus shown in FIGS. 1

though 23;



though 23; FIG 27 is a diagramillustrative of the wafer 5 processi_qq\ﬁ; 79003
route in the polishing apparatus shown in FIGS. 1 though 23; FIG 28 i&“JJ
diagramillustrative of the wafer processing route in the polishing
apparatus shown in FIGS. 1 though 23; 10 FIG 29 is a diagramillustrative

of the wafer processing.royte in the, polishing apparatus sho in FLGS. 1
though 23;: FIG 30 i SSX°di &§rahfi B u%f?%‘f%elg]rugﬁéa%‘?eerogr\ggbesswﬁ ®fout e
in the polishing apparatus sho in FLGS, 1 15 though - FIG S
schemat| o BTRGTSrATd Fotta: I0eChr BRIKRMY c2Brasr o Tl i K159 o) F

pol i shi ng @ng‘%lprﬁ;; stage cleaning; FIG 32 is a schematic diagram
illustrative of the’ 20 exanpl e of the process of parallel polishing and

three-stage cl eaning; ftG 533 Jr%elad s%%@ | Clgy_%&ﬁg@i‘}é ugifragqé/ewgire{ he

exanpl e of the process of para p I ng an ree-stage cleaning; 25

" Cone | SPPRFSEIEY oSt AUBTLLL| ELBHLAE Bhpdti R ol o ess
diagran1iI£H§ﬁ§@Iiyp of the 8

FIG. 28 1is a diagram illustrative of the wafer
processing route in the polishing apparatus shown in FIGS. 1
though 23;

10 FIG. 29 1is a diagram illustrative of the wafer
processing route in the polishing apparatus shown in FIGS. 1
though 23;

FIG. 30 is a diagram illustrative of the wafer
processing route in the polishing apparatus shown in FIGS. 1

15 though 23;

FIG. 31 is a schematic diagram illustrative of an
example of a process of parallel polishing and three-stage
cleaning;

FIG. 32 is a schematic diagram illustrative of the

20 example of the process of parallel polishing and three-stage
cleaning;

FIG. 33 is a schematic diagram illustrative of the
example of the process of parallel polishing and three-stage
cleaning;

25 FIG. 34 is a schematic diagram illustrative of the
example of the process of parallel polishing and three-stage

cleaning;

FIG. 35 is a schematic diagram illustrative of the



- 4 a~".;" ?2Q03 exanple of the process of parallel polishing and - in 2003
three-stage cleaning; FIG 36 is a schematic diagramillustrative of th
exanpl e of the process of parallel polishing and three-stage 5 cleaning;
FIG 37 is a schematic diagramillustrative of the exanple of the process

of parallel polishing, ,and three-st e cl egni,n 38 | sche tic
dlagran1|IF§gPP & Q g 5% aPTR5€8Ra ﬁjeﬁr &PgSQPI H&ﬁe n%?ﬁ& and
t wo- st age ¢ eanlng FIG 39 is a schenatlc dlagran1lllustrat|ve of the
exanpl e of € tess of serial polishing and two-stage cleaning; 15 FIG

40 i's a Schenﬁt'c d'a?ié”‘?k'ﬂ&téaééﬂéhé%lérﬁa AP 8 19 +12 1960685 T n'

serial polishing and
example of the process of parallel polishing and three-stage

5 cleaning;

FIG. 37 is a schematic diagram illustrative of the
example of the process of parallel polishing and three-stage
cleaning;

FIG. 38 is a schematic diagram illustrative of an

10 example of a process of serial polishing and two-stage
cleaning;

FIG. 39 is a schematic diagram illustrative of the
example of the process of serial polishing and two-stage
cleaning;

15 FIG. 40 is a schematic diagram illustrative of the
example of the process of serial polishing and two-stage
cleaning;

FIG. 41 is a schematic diagram illustrative of the
example of the process of serial polishing and two-stage

20 cleaning;

FIG. 42 is a schematic diagram illustrative of the
example of the process of serial polishing and two-stage
cleaning;

FIG. 43 is a schematic diagram illustrative of the

25 example of the process of serial polishing and two-stage
cleaning;

FIG. 44 is a schematic diagram illustrative of the

example of the process of serial polishing and two-stage



cleaning; FIG 41 is a schematic diagramillustrative of the exanple of t

bl

process of serial polishing and two-stage 20 cleaning; FIG 42 is a b MAR
schematic diagramillustrative of the exanple of the process of serial
pol i shing and two-stage cleaning; FIG 43 is a schematic di agram
iIIustrativ%_of.thq 25 exanple of the process of serial polishing and
two-stage SERMRYT FIG 44 is a schematic diagramillustrative of the

exanpl e of the proces f ri.al _pal i shi and_two-stage .9 . .4 f~—-Aza03
ol eani ng: FI G 45 1 5 astHCiaticdragl S ENPUSE r 9t PoERDr 11 FESERTIVE OF thE
of t heproce ri | shi d - cl I ng; 5FI 6 S _
aschenatic%%%%‘3%1i?Fusq%%tgégggggtﬁ%gggﬁ%ﬁgfoféﬁigﬁgi? ssg%ésé??hﬁtage
pol i shi ng Qﬂ%ahwg- tagecl eaning; FI G 47 is aschematicdiagramillustrative
t heexanpl e oft

| s aschemal| cdi agram idfdisisalicVe QeneRGXREPHSaOEan PLPERSS &ive of the

seri al polishing and three-stagecl eaning; FI G 49 i's aschenati cdi agram

illustrati\wkagiplehedbexai®! @rotblsproxeseehaserpsl Hingi Bdanto-stage

t hree- st agecl eani ng; FI G 50 i's aschematicdiagramillustrative of theexanpl
of t hepr ocesSefande@ki;al pol i shing and three-stagecl eani ng; 20FI G 51 is
aschematicdiagramillustrative of theexanple oftheprocessof serial polish
and t hree-stagecl eani fJGkl G753 si & ashematiccdiagram illustinadtivee off the

éprécessof serial polishing and two-stagelOcl eani ng; FI G 48

of

e

ng

t heexanpl e of t heprocessof serial polishing and three-stage25cl eani ng; FI G 53

i s aschenntexedipdgr affi | thast paoceesofof heexaapl epokidhdmaocandoftwo-stage

serialgolishing'and t hr ee- st agecl eani ng; 10
0 cleaning;

FIG. 48 is a schematic diagram illustrative of an
example of a process of serial polishing and three-stage
cleaning;

FIG. 49 is a schematic diagram illustrative of the

15 example of the process of serial polishing and three-stage
cleaning;

FIG. 50 is a schematic diagram illustrative of the
example of the process of serial polishing and three-stage
cleaning;

20 FIG. 51 is a schematic diagram illustrative of the
example of the process of serial polishing and three-stage
cleaning;

FIG. 52 is a schematic diagram illustrative of the
example of the process of serial polishing and three-stage

25 cleaning;

FIG. 53 is a schematic diagram illustrative of the
example of the process of serial polishing and three-stage

cleaning;

10



-- 4 0,~~~;, a~~s FIG 54 is a schematic diagramillustrative of the

exanpl e of the process of serial polishing and three-stage cleani ng; [ i3

55 is a schematic diagramillustrative of the 5 exanple of the process of

serial polishing and three-stage cleaning; FIG 56 is a schematic di agram
seri al |sh|n

il ive of th t th ol
Lir eo- Stage ol eani ng. F 40! & 1579 SORSEHE wmg»@mﬁﬁw Fato(%vé:h(?f e

exanpl e of the [ 0CESS of serial n hree- sta e

MG 58 is éa@eﬁ ot aBERREPP T 88 ot ta oPol REEE L ArE G Hhadles
of serial QERB%D and t hree-stage 15 cl eani ng. DETAILED DESCRIPTICN OF
THE PREFERI 5 DI MENTS A pol i shing apparatus according to enbodi ments of
the present inventionpygl | F?%Q%%bﬁ&ﬁa@f‘é Oa&m}&nFlﬁluﬂst%m%eadfam@ of

vari ous conponents of a polishing apparatus. As shown in

pol i shigg éRBﬁ\b%U%fCOE‘Wé' $eSCEoyT dfoagleypra?oﬂ@lgfﬁg 2aﬁacmﬁﬁe-mt@@eng a
waf er cassette whi ch accommodates a plurality of sem conductor wafers.

The | oad- ueugaﬂlﬁggge 2 may have a 25 nechanismfor raising and | owering
the wafer cassette 1. A transfer robot 4 having two hands is provided on
rails 3 so that the trFaesfpees Lobat sédhemat ®veiadray illaistaidtive afd thecess
the respective wafer cassettes 1 on the respective 11 ~r 1~~~ | oad- unl oad
stages 2. Ekampilansfferthebpirodebas dfwosémaials whitbhime khodatEdrearstage
vertically spaced relationship, and the | ower hand is used only for taking
out a sem ederdoéngr wafer from

10 FIG. 57 is a schematic diagram illustrative of the
example of the process of serial polishing and three-stage
cleaning; and

FIG. 58 is a schematic diagram illustrative of the
example of the process of serial polishing and three-stage

15 cleaning.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A polishing apparatus according to embodiments of
the present invention will be described below.

20 FIG. 1 shows a layout of various components of a
polishing apparatus. As shown in FIG. 1, a polishing
apparatus comprises four load-unload stages 2 each for placing
a wafer cassette 1 which accommodates a plurality of
semiconductor wafers. The load-unload stage 2 may have a

25 mechanism for raising and lowering the wafer cassette 1. A
transfer robot 4 having two hands is provided on rails 3 so
that the transfer robot 4 can move along the rails 3 and

access the respective wafer cassettes 1 on the respective

11



5 the wafer cassette 1 and the upper hand is used only for returningbthgga
sem conduct or wafer to the wafer cassette 1. This arrangenent all ows #ha?

cl ean sem conduct or wafer which has been cleaned is placed at an upper side
and is not contam nated. The |lower hand is a vacuum attraction-type hand 10
for hol ding a sem conductor fer under vacuum and the upper hand is a
recess suppOREIPHR2HARHRYRF Supporting a peripheral edge of a

sem conductor wafer by, a recess,_forne n the hand. The vacuum.
attraction-type hand égﬁ hUF%n%fesrerrir@gﬁguc% oﬁ’a\ﬁaf g?”oanﬁa?‘?%ns%cth t f&€

sem conduct or f.er. even if ,t.he.15 seni caonductQr. [ is t cat at a
nor mal posi Fgggfin Jtrheamé'feé:ﬁzlggéigt GG tlbeclaa éq%%&?pdi saﬁ}rggc%ﬂr}%n?,o(a'gﬁd t he

recess SUpB%Btd‘ PGy A d%ﬁ?ggnkéﬁnﬁgﬁiﬁaﬁgﬁﬁmac%’éﬁﬁggﬁpu&%? r w‘réﬂake FBFEPI Ng

t he sem conduct or wa ecause iS no ected u e the

vacuum att kel | gRedy PEaB3BHe 20 TM CLABNMPAPARIA U3ES e ol A Gor

di sposed at the opposite side of assettes 1 with respect to the

rails 3 of reh@rhiagsiale r9ORLcchduth@Cl wRFENOLtEPRARALMSRS Scadbeftar €.
di sposed at positions that can be accessed by the hands of the transfer

robot 4. Behweeartrhagément! £E0wY tiatappalakiseémbedidhidt @ drattera wpasht i on
that can be accessed by the transfer robot 4, there is provided a wafer

stati on 90hhavi bgenuldlieasiedgeisafpdracedppatt an wappert rsdye) anda iser hiotal
direction. The cl eaning apparatuses 5 and 6 have a spin-dry 12 .o~

r,~~, ~ z00%omtehanasadf orThi yiawpra heedi denduveonumad err dot ispirhyipeg
sem conductor wafer at a high speed, and hence the two-stage cl eaning or
t hr ee- 5@ agéogl &gdidiaggor sraisendesrel cvafemndinderc siacyane oddde t8g WPPEsut

repl aci ng any cl eani n% nodule. 5 An area B .in which the cleani n%_
appar at use$@8948 8 ZRECERSHRBWT VRS SANJoLF SWRYUSHRE dhdPeHiPReERIA in

RN e e R R O
and i 2 48P GRSRC8ERRLel 6L TP BB LB E8 Aolln M inah oRgBLYY |

provi ded apyghe epenbpg:-of U PAGhiboRINALr 14ualer ansier rahot 2

having two hands I's disposed at a position where the transfer robot 20 can
accessi$ hesehGabhigceppanatats i 3ttt R avalieat Si atd@ihPGoskiz ivnd ia tthansf er

robot 21 having two hands is disposed at a position where the transfer
robot 21 caafetcessdseteec|d@nity appiightsdispbacétentyafl @nd sthei aece8s
support-type hand can transport a semiconductor wafer while
keeping the semiconductor wafer clean because dust 1is not
collected unlike the vacuum attraction-type hand.
20 Two cleaning apparatuses 5 and 6 are disposed at
the opposite side of the wafer cassettes 1 with respect to the
rails 3 of the transfer robot 4. The cleaning apparatuses 5
and 6 are disposed at positions that can be accessed by the
hands of the transfer robot 4. Between the two c¢leaning
25 apparatuses 5 and 6 and at a position that can be accessed by
the transfer robot 4, there is provided a wafer station 90

having multi-stage wafer supports (wafer trays) in a vertical

direction. The cleaning apparatuses 5 and 6 have a spin-dry

12



The transfer robot 20 and the transfer robot 21 have the respective two
hands which are located in a 20 vertically spaced rel ationship. The + AR 2003
respecti ve upper hands of the transfer robot 20 and the transfer robot 21
are used for transporting a sem conductor wafer which has been cleaned to

th I [ t waf t £ th f tion, 90 th
ospoct | veRRGIEN Hander o FOHEG! 1 anSPBLCPBIBTT S0 98LERa BheokFANADr CPBbol
21 d f t t] ' t ich h t d

2 som condtEr o URRERS ok, P SR ALK RhBke 0TS, HRhEd 573, YHbsg RBE "
t f ] duct f f [ ]

(v ai s S ETRERLRE, holh BEall, SRR AUh APniEshiferdy wakel oy s

whi ch fall bk 05 akb AR ed it nelit! Pé?iéalﬁ'i | digly Qﬂ‘éia?ﬁngAmSBﬁ?@i. ng apparatus

22 is disposed at a position adjacent to the ¢l eaning apparatus 5 and

accessigle by the 5 hgpdsr&f e Whasl ehel ODOANZNY Aphraneiseer schaangng
apparatus 23 is disposed at a position adjacent to the cleaning apparatus 6

and accesshhheth¥ Heehapdstobntbhe hrangisposedoindlan Addehhg cheqRipl
apparatuses 5, 6, 22 and 23, the 10 wafer station 90, and the transfer

robots 20 and Rhfare dalsaeedeisn 1t mdartse Birddef gy essbote 4 nakbe ddsgasBdi s
adj usted so as to be lower than the pressure in the area A. Each of the

cl eani ng apper phusesi@iediriy 23 pagtdapabl wvadl t4 emmitipthdtbe sudfaadéseet a
sem conductor wafer. 15 The polishing apparatus has a housing 100 for

encl osi ng Qfir thasaceapBnandsth@edted. AThan | pe es¢paraiied he Theugiargitdoni s
partitioned into a plurality of conpartnents or chanbers (including the
areas ¥ anWab} B¢ f@s ian opRening 150r 181 lowing dseRicoRductRy | YALRES chanber
separated fromthe area B by the partition |1 24 is formed, and is
further di PRERCERATSERTRIHYefldCaaq UBECBI} %ﬁ%a?’f‘?‘ﬁdcﬁ?\ﬁéﬁ [thes OPeRiBgch of
the two areas and .there rovided _two polishing taples,.and, a
carousel hggi r%:g‘et h?%lgiﬁ)’porfi‘ﬁégff Elﬁl'hol i ﬁﬁagsg%r s§ﬁ}°8gn ctg?%\%‘?ef‘wgnd
pressing t ;GO [ er | nsit ishin . LS, the
pol i shi ng gg?%?l%mfrﬂ%%%gggr%%r eé ;ﬁ%évjlptseodlt ih'gh{)%e %?%agégg%\dlst ﬁég% ??hi ng
tables 34R.gRdadeBs8r end" QYe&ethd Mpdle AR 5D addtheivarlh® station 90,

15 and a transfer robot 21 having two hands is disposed at a
position where the transfer robot 21 can access the cleaning
apparatus 6 and the wafer station 90.

The transfer robot 20 and the transfer robot 21
have the respective +two hands which are 1located in a

20 vertically spaced relationship. The respective upper hands of
the transfer robot 20 and the transfer robot 21 are used for
transporting a semiconductor wafer which has been cleaned to
the cleaning apparatuses or wafer trays of the wafer station
90, and the respective lower hands of the transfer robot 20

25 and the transfer robot 21 are used for transporting a
semiconductor wafer which has not cleaned or a semiconductor
wafer to be polished. Since the lower hand is used to

transfer a semiconductor wafer to or from a reversing device,

13



14 r | n;: LS. Ucarousel 36L is provided in the area C and the carpggﬁLmj
36R is provided in the area D. An abrasive |iquid nozzle (not shown) ‘o ¢
supplying an abrasive liquid to the polishing table 34L and a dresser 5 38L
for dressing the polishing table 34L are disposed in the area C. An

ol i shi ng £A51 GPBRR BeRe w e oPsaRLPoF SO KR CFHPR: M polSing PABFE 3R
are disposeg.i %hf ar ea D. A dresse l39 for dressi.n hhe. gl ishing table
3L is 10 HNSEAsERLT Ao 30t BT WAL 08 B SRR g, ST 4881 ng t he
Dol i ahing units di spobed oATene PRPITSHY 72 ks CAE00H0 " B (aTeogieiBR

pol i shing units dispose rig are drsp

symetry w e t h i i 5 ljishi Lts
have the %Hﬁ gé%zgt i%&e 1?}1% e‘g_l?%%ﬂr% ngép%%#%sznd%}gambﬁ%%ﬂé%?h%g the
sem congluchghquaber shange- £ #h LS 265 8AQnbthd? G1chnin®y bRparhedsC
separated fromthe area B by the partition wall 24 and at a position that

can be acceggsedls bydibfoi@@dsatof d heokhiansher ad §a@dnt20,td heme i £12anphgVi ded
a reversing device 28L for reversing a sem conductor wafer, and in the area

D and at aappar&ate® &hahdcadcéssasizessedy Hadirishafdthel tragsteansgbbotr obot
21, there is provided a reversing device 28R for reversing a sem conductor
waf er. The2partition wall 24 between the area B and the areas 25 C, D has
two openi ngs each for allow ng sem conductor wafers to pass therethrough,
one of which is used &bt thanslearimgy appamsatisasnductor 2vafandt d3pr theom

the reversing device 28L and the other of which is used for transferring
the 1510 wafer station 90, and the transfer robots 20 and 21 are placed

in the area B. The pressure in the area B is adjusted so as
to be lower than the pressure in the area A. Each of the
cleaning apparatuses 22 and 23 is capable of cleaning both
surfaces of a semiconductor wafer.

15 The polishing apparatus has a housing 100 for
enclosing various components therein. The interior of the
housing 100 is partitioned into a plurality of compartments or
chambers (including the areas A and B) by partitions 14, 15,
16, 24 and 25.

20 A polishing chamber separated from the area B by
the partition wall 24 is formed, and is further divided into
two areas C and D by the partition wall 25. In each of the
two areas C and D, there are provided two polishing tables,
and a carousel having three top rings for holding a

25 semiconductor wafer and pressing the semiconductor wafer
against the polishing tables. That is, the polishing tables
34L and 35L are provided in the area C, and the polishing

tables 34R and 35R are provided in the area D. Further, the

14



/[;1,h" ~r lv~, ~~ ~~~ ~ seni conductor wafer to or fromthe reversrng ﬁevmfe

28R. Shutters 26L and 26R are provided at the respective openings of ‘thd

partition wall 24. The reversing devices 28L and 28R have a chuck nmechani sm

for chucking a sem conductor wafer, a 5 reversing nechani smfor reversing a

sem conduct or maffr and a senrcgﬂduc gr mafer det ctrn sensor 8

det ecting GABPREFL t#&F Hud¥ r3nt2fudkS® a W FeEeMS gt @PRoltSnot

respectively, The tra robat 20 transfers a senlconductor wafer to the

reversing 8%9Y5%3%8E1 ih &4F€ transfer robot 21 10 transfers a

sem conductor wafer tgQ t .deyi 8 tany dra e 27L
& {5%5§?6%w11 iHoHLEa1S é%nd%éfoﬁ ﬁ; eggggi%mgg

i's disposed in the area or transféerring se n the

eversing daVi6ead8boatdgliin U Shd Qb1 RPOldchly Lhe,CaKaHSe!

36L. The rotary ransporter has™ four

sem corgjucggf, wateq @Esi‘ﬂﬁ“'tﬁé' }Soﬁ%'ﬁln%”’c&ﬁi’é" §41.2 Pecéﬂs§8éé’dalﬂ' gpal ity

of sem conduct or ma ers thereon at t e sem conduct or waf er

whi ch has hees tranapoiiedstiget hqqﬁeaehabaged@ﬁbeesﬁétmssfbr;a@, gslweﬂgto
the rotary transporter 27L by actuating a lifter 29L di sposed 20 bel ow t he

rotary traaspebtrasivél 1MGRAdt ke ot edoldfshifig Haage of4R heénd Ohadyesser
transporter 27L is aligned with the center of the sem conductor wafer held

by the revasRi figrdévessiglL th&éhpoddéphimndtabbe SwRearel diésdosedt be shage of
the rotary transporter 27L is transported to a position above a pusher 25
30L by thearadeRi n rintdssrenf3dfhdorotdaeysinansprpalistiilng Anbilki 85Li ie, t he
top ring 32L is located at a position above the rotary transporter 27L
(1 oadng afdspaseddiing t@@sr%#%)cbeﬁb‘ﬂeﬁarﬂie@ﬁe& s gEemt fisasshey ebhe The
sem conduct or ,wafer 16 < <JQi is transferred fromthe
rotary traRSpbFRERg obable PHB ﬂépQ%SRSSSQLlByﬁﬁﬂnﬁﬁq%mPrheA%u§h@Vn362
di sposed b w the rotar r.ansporter L_when,the f th rrng
S0 e al i BRGa it oY RHEEIE rub e SRRt CPBr HE ot o884 5rBhhe
stage 5 of rof.ary qtr rt ove o era

%HS 5 Y a4 EBB8RA" L& %T?LI g lyyrﬁﬁo%gz% gﬁ.t%\ 5%? St %h

the seni coh or waf érsTare sequen T top rin s 32L

supported gxrwel&@r el 35 Th%hée%&md%p{sm‘gﬂ Jnfigasf aored tpethe

top ring 10 32L is he d under vacuum by a vacuum attraction nechani sm of

the topsripgsgaéeiveld tHds paidped riagkhe3ppl i shd n3drabl i34 hohar eahter,
t he sem conductor wafer is polished gy a polishing surface conprising a

pol i shing semitomductay ivelery ahdneolbsh atiénxed abrasi ve plate) attached on
the polishing table 34L.

As shown in FIG. 1, in the area C separated from
the area B by the partition wall 24 and at a position that can
be accessed by the hands of the transfer robot 20, there is

20 provided a reversing device 28L for reversing a semiconductor
wafer, and in the area D and at a position that can be
accessed by the hands of the transfer robot 21, there is
provided a reversing device 28R for reversing a semiconductor
wafer. The partition wall 24 between the area B and the areas

25 C, D has two openings each for allowing semiconductor wafers
to pass therethrough, one of which is used for transferring

the semiconductor wafer to or from the reversing device 28L

and the other of which is wused for transferring the

15



15 The second polishing tables 35L is disposed at a position that can be
accessed by the top rings 32L when the top ring 32L is |ocated at an: {4\ 2003
accessi ble position to the second polishing table 35L. Wth this
arrangenment, a primary polishing of the sem conductor wafer can be

conducted by the polishing table 20 34, and .then a secondary .polishing of
Che som cortmteandiern MafcRe tondio CHOBy Wi CEVBRALREI AaHIRE t 4BRe a0l

conduct ed B9 tRE R ckbhaea PE AGr A5PULRE. 25 FOfars SEFRRSHBr CBPRSDRS: < h
di d i 2o f f ' ' d b
reveraing GevEie PARERRACTnEoFhr 2871 oBiPi ASV IR ChpHGr et by oY HE daf Bsel
36R The TRLALY o CANSROLESHAATENNS: ! BHLCREAGES RhiBbAGLAG.S sgBLgonduct or

waf er at angularly equa nterval s, T and can’ hold a
| ural i ' Ig%gﬁ . af wﬁﬁﬁg, '

gen‘i con%ﬁc?(é)‘r’é%rg? I cﬁ{lhégg fg’;‘iﬁgpr@%ﬁgg%?% e&taéht?lo the %Eg\ﬁygl}gg'd%?cg 28R

i s transfeséftcdiidor et (derReRINGCEeRISY ot dtihAwhethet 2AR

di sposed 5 below the rotary transportér 27R when the center of the stage of
the rotarychuekspaetRan2diR | hakkgned W ddnidddiRiogr afafidie s&mm casdyict or
wafer held by the reversing device 28R The sem conductor wafer placed on

t he stage péspéetivelyy thhenspantéer2rébots 20 ansaw et to senjesntinofoabove
a pusher 10 30R by the indexing notion of the rotary transporter 27R At
this tine,wafertbp thagr82Rrssngodeavice a8k, pasdt the abeusféherobdtar 1
transporter 27R (|l oading and unl oadi ng position) beforehand by a sw ng

mot i ont& hetearsfape %@rﬁmi&mw@péprma&ritow%sﬁémr@dnﬁr daviee %R ary
transporter 27R to the top ring 15 32R by actuating the pusher 30R di sposed
bel ow the rotary trandpbPEaFy dARGRAT teRe 2dbntér d3FPPREIL P EhRgaBeR Fs

i d wih th ter.of the, ' duct f I d th t f
Che rot ar y OF afepOPTEr =20k M TCROaFNG PRECABoWE DYyt Hof, TENEESLRG
' d . i al I d the th [ 32R
Supported B5Vi68 Bt BoR SHEE “HHFeRS ¥Bn Ao 0kt oPurPaTeYLr P THE he
t i 3 i I d i ] th
top ring SRSt T pad R R o PR o SRR g,
the sefy copduelng Wallinichnaplbtdbediatera POl LGk YT 6L CAMRELFADG, @

polishing cloth or a grinding stone (or a fixed abrasive plate) attached on
the polishang tahl @ocldR a ThEus€rOid ¢pl sehiddhdedt s wafers thepasedaat a

position that 18 i~ ~lr~a; G~~~
the same time. The semiconductor wafer which has been
transported to the reversing device 28L is transferred to the
rotary transporter 27L by actuating a lifter 29L disposed
20 below the rotary transporter 27L when the center of the stage
of the rotary transporter 27L is aligned with the center of
the semiconductor wafer held by the reversing device 28L. The
semiconductor wafer placed on the stage of the rotary
transporter 27L is transported to a position above a pusher
25 30L by the indexing motion of the rotary transporter 27L. At
this time, the top ring 32L is located at a position above the

rotary transporter 27L (loading and unloading position)

beforehand by a swing motion thereof. The semiconductor wafer

16



can be accessed by the top rings 32R when the top ring 32R is Iocatedﬂﬁ;nﬁf
accessi ble position to the second polishing table 35R Wth this 4 AR 200
arrangenent, a primary polishing of the sem conductor wafer can be
conducted by the polishing table 5 34R and then a secondary polishing of

t he sem conduct or fer. can be, conducted by the sec ol | shi tabl e 35R
In this cas®, tERnAkes5sRs 56FWbﬁPﬁgr8 a?%etgghﬁaﬂﬁ%ﬁﬁcggg ft € gﬁpbﬁlng

d d pol i shi bl : b f.th | i shj
i 15, af (000 550 SENIBLC DY RACEPT, & ol FERERT PRECY, A pEPFERY ng
tabl e 34L 34R and h j 3 32R Lh d
pol 1 shi ng *%’r%qﬂsev%%ﬂero?%%&?leé ErbaRphter St SBUpoREca2t: o BEERFRG
ol i : § EMEanfhiy ed P& €7 4T ng
3R o {na T oher R Iate ofo BT PERLEOAEFRr R tets pRdeeR RAFhE RERdE

the top ri L1 where the top ring 32L or 32R is
B rog ft p%%eéﬁﬁt@an@glegﬁgi' 9, ) p g

spaced fromt ng ta 4L or 34R Because the sem conductor wafer

is rinsed before novigg Agd8nyeenBdaBebe SHhdih i, e tBal sefid35Rdutber
transfer of contam nation 20 between the polishing tables is prevented to

thus avoi dygf@ss eeel ABdiRintdRlel theaded | shi Rbet afimss Abperritis 32L

sem conduct or wafer is polished by the first polishing surface of the first
pol i shing s@bbert:d by thRcardusbe 3€kond polishing surface of the second
polishing 25 table 35L or 35R the first and second polishing surfaces are
dressed by the dresserlse 33inicdRucddt wale89R ansfspeed wol $heThepdrésgi ng
process is a process for recovering the polishing surface of the polishing
t abl e Mhi chRhaés bbehddegfagedapyumroby 3 facuum-agtragRiep| rephapisn ofHe
sem conductor wafers. This process is also called conditioning or

rectificatvn. tOR FHed pAt sh?Ry tHAMSRAT UeNe trefthes PReIShRRI sERPLBNAGEL Or

waf er whi ch has been |ished is.transferred 5 framth op ring.32L to the
pusher 30L'],? %]ﬁ%la’tp%t) ssreét}ltcgaducgor warer 1s po J.srhe% E)ypa poglsglng

surface comprising a polishing cloth or a grinding stone (or a

fixed abrasive plate) attached on the polishing table 34L.

15 The second polishing tables 35L is disposed at a position that

can be accessed by the top rings 32L when the top ring 32L is

located at an accessible position to the second polishing

table 35L. With this arrangement, a primary polishing of the

semiconductor wafer can be conducted by the polishing table

20 34L, and then a secondary polishing of the semiconductor wafer

can be conducted by the second polishing table 35L. 1In this

case, a buffing polishing of the semiconductor wafer can be
conducted by the second polishing table 35L.

A rotary transporter 27R is disposed in the area D

25 for transferring semiconductor wafers between the reversing\

device 28R and the three top ring 32R supported by the

carousel 36R. The rotary transporter 27R has four stages for

placing a semiconductor wafer at angularly equal intervals,
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fromthe pusher 30L to the rotary transporter 27L by |lowering the pugh#r 7003
30L. Thereafter, the sem conductor wafer is transported to a position bel ow
the reversing device 28L by the indexing notion of the rotary transporter

27L, and then 10 returned to the reversing device 28L by raising the lifter

29L. In the poljshi it on the right_side. th i cond fer, which
nas been (B sRER FOTEL dhot it o g A PP OR L0 T hEDBESTer “50R,

t t f d, (15 f R t t A 27R
by | ower i S he B hdrTSoR TS o NP ERE B8 RBRHC COT Mt P pEbn

transport e?xﬁér?s;g?xpé’éci LN e er%ﬁf‘g%&iicgg 28Rvisge té%ﬁs?éﬂr%gt@ LgdexLng

noti on of e rotary transpor then return to the reversing

devi ce 28R by, LA 3&%@8&&“ temR éQ%Z%%tumqnaenicq&czleescorzgﬁ@f 8l shekugned

to the reversing device 28L or 28R by the above operation is rinsed by pure

vat er of CHEIb atise SHOPAHE e FdiPdrites NYRNQAEhetheFUEhbBE, okh@he stage
sem conduct or wafer holdi'ng surface of the top ring 32L or 25 32R from

whi ch the sentaengetael Wala@spBasebe@nRrr dnoved griedalwidlr| e ede e Pube
wat er or chem cals supplied fromtop ring cleaning nozzles, and in sone
cases, thetlsensenishredurtormivatelrohdildgbguthaceevérd irey tdgyiden@8R2L The32R
is rinsed fox 20
semiconductor wafer placed on the stage of the rotary
transporter 27R is transported to a position above a pusher
10 30R by the indexing motion of the rotary transporter 27R. At
this time, the top ring 32R is located at a position above the
rotary transporter 27R (loading and unloading position)
beforehand by a swing motion thereof. The semiconductor wafer
is transferred from the rotary transporter 27R to the top ring
15 32R by actuating the pusher 30R disposed below the rotary
transporter 27R when the center of the top ring 32R is aligned
with the center of the semiconductor wafer placed on the stage
of the rotary transporter 27R.

By repeating the above operation, the semiconductor

20 wafers are sequentially loaded on the three top rings 32R
supported by the carousel 36R.

The semiconductor wafer transferred to the top ring
32R is held under vacuum by a vacuum attraction mechanism of
the top ring 32R, and transported to the polishing table 34R.

25 Thereafter, the semiconductor wafer is polished by a polishing
surface comprising a polishing cloth or a grinding stone (or a

fixed abrasive plate) attached on the polishing table 34R.

The second polishing tables 35R is disposed at a position that
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being dri
cl ean eac
sem condu
sem condu
sem condu

- 4 fv~"~ i i~~-3 preventing the sem conductor wafer hol ding surface fff”"%ﬁ
ed. Pusher cleaning nozzles are provided on the partition wal
h of the pushers. Further, in order to inprove yield of the
ctor wafers or cleaning effect 5 of the seniconductor waf ers, the
ctor wafer may he rinsed with, chenjcal uch a state_that the
cE8P REf éFCie§Sﬁe| BYb*y'h%h*éOPoﬁlﬁx% il éiﬂ@uﬁoppﬁﬂpﬁeﬁ%r &S the
ctor wafer may be rins W th chen1ca|s in such a stat at the

sem condu
sem condu
t he pushe
shows t he
top rings
pol i shi ng

c 8Fa§iﬁfiera*?saﬁel?acciﬁﬁ & oPQF YA t FQnd t@?‘:?'? &P ‘73 188ove

r

SRSB4 AP e RSHALIENE 7R Lokl e

| oadi ngs ang syn! gadi RReRO '.L,éeshdat RshiRg 32LtRe! ot tAge
°"h Shi Boe S

overhangl

ng péslt lon Wth respect e poI| ing t

I d b I d bed
5PEENPRG unPEERo ﬁﬁf-%eg?g%gaﬁ%n Fi GOS8 MATGRSL RE ERPec

he

and t e top

ring 32L-3chg IfCalhhRitddh&yS QMG RUS mshahbetaéhze |38Rt herpokhgli ng

unit on t

he right side, the top 20 ring 3ZR-1 accésses the | oadi ng and

unl oadi ng paget, i N, bl NEidPPpb1ih 3% 3f AERES SBRiEHRIRA A1 &gt abhe BeR
and the top ring 32R- 3 is |located away fromthe polishing table 34R O her

conmponent
Furt her,

heads 60.

whi ch are

are 2110
15
20
25

S cohddeveaepyatie i seddirl S shandi table ad35Hhose in FIG 1. 25
the dressers 38L and 38 R are supported by respective dresser

The dresser IheadsoB0 apé support edlbyhimgpective, sw afiteshaf &s
capabl e of positionally being fixed, and the dressers 38L and 38R

semiconductor wafer is polished by the first polishing table
34L or 34R and before the top ring 32L or 32R moves to the
second polishing table 35L or 35R, a cleaning 1liquid is
supplied from cleaning liquid nozzles (not shown) disposed
adjacent to the polishing table 34L or 34R to the lower and
side surfaces of the semiconductor wafer held by the top ring
32L or 32R at a position where the top ring 32L or 32R is
spaced from the polishing table 34L or 34R. Because the
semiconductor wafer is rinsed before moving to the second
polishing table 35L or 35R, the transfer of contamination
between the polishing tables is prevented to thus avoid cross
contamination of the polishing tables.

After the semiconductor wafer is polished by the
first polishing surface of the first polishing table 34L or
34R and the second polishing surface of the second polishing
table 35L or 35R, the first and second polishing surfaces are
dressed by the dressers 38L, 38R, 39L and 39R, respectively.
The dressing process is a process for recovering the polishing

surface of the polishing table which has been degraded by
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wr. ~ ~~Qaf novabl e between respective standby positions and respective, . .
dressing positions on the respective polishing tables 34L and 34R ~ 4 1AR 200
Simlarly, the dressers 39L and 39R are supported by respective dresser
heads 61. The dresser heads 61 are 5 supported by respective swing shafts
whi ch are cagabhg of being positi oagllg fixed, and the dressers 39L and 39R
are novabl @°BEREBE Pés ISRNICORANBYOhoWPERERs aRtlF e DFEERFTe 18 &dSPng

positions on&&ﬁg resgective olishing_tables 35L and 35R. 10 FIGS. 3
through 5 SROWCERECPE B PUHRGIY lfé?t%gér‘rc PP head type top rings 32L (or

32R) supported by theIgargHéel i‘sh(iq{g ngﬁétangnt hghgoligpti_ n%.ta%bl e, 34l (or
an

34R). FIG 3 is a schematrc side View- an I"GS. 5 are scherfatic

per spectiv Is C el t : p:L 32R
nd Fho. porriiraBapdpf “Yapes g 85, $dn | BELImed bk i 2ed 2
same StEeuc : d n n t o 647 L h ' e t he
polishi%g Fg%ﬁetgthg ?§29|§?% g?dgﬁéﬁ?ﬁg%%gd%%%?iﬁ%%gﬂxgiQﬁ%hn||$ﬁ%¥3 3,

the carousgho36khkS padRELT B6H 28 BYearstRPPrtrimifitet? M Oy I1HweHRe t ed
by a plurality of posts 41 (in FIG 3, only one post is showi). The

carousel 3ghel SpesREEr tBEL f r onrhBgesEpROS t tRNDEEM4BohiuetdRi wateaf t 143
which is rotatable. The main shaft 43 is coupled to a notor 44 fixed to the

support nentranspdrtdiietef & epoditeiararieisel e 36evessing atabiee abeut by
vertical axis O by rotating the main shaft 43. The carousel 36L supports
three top rtheg iswWexdngr motd®n(iof e Botany ytovarsporter akii sasHowien Each
of the top ring swwng arns 45 has an L shaped structure. Each of the top 22
10 returned to the reversing device 28L by raising the lifter
29L.

In the polishing unit on the right side, the
semiconductor wafer which has been polished is transferred
from the top ring 32R to the pusher 30R, and then transferred

15 from the pusher 30R to the rotary transporter 27R by lowering
the pusher 30R. Thereafter, the semiconductor wafer is
transported to a position below the reversing device 28R by
the indexing motion of the rotary transporter 27R, and then
returned to the reversing device 28R by raising the lifter

20 29R.

The semiconductor wafer returned to the reversing
device 28L or 28R by the above operation is rinsed by pure
water or chemicals supplied from rinsing nozzles. Further,
the semiconductor wafer holding surface of the top ring 32L or

25 32R from which the semiconductor wafer has been removed is
also cleaned by pure water or chemicals supplied from top ring

cleaning nozzles, and in some cases, the semiconductor wafer

holding surface of the top ring 32L or 32R is rinsed for

20



-4i "~ ~1~~3 ~;~,;, ring swing arns 45 is coupled to a notor 48. Uhggugm
a decelerator 47. By energizing the notor 48, the top ring sw ng arm 45 'i's
swung with respect to the carousel 36L. The top ring swing arm 45 supports

the top ring 32L at its forward 5 end. The top ring 32L is coupled to an
[ l'i nd t.sh th h t 46, dth t

Shaft 46 | BrEBERHAS (oo ATROFOBIGOETR Sxoﬁm@gb@p? 56 FRERGPBIES the
top ring 32L.i§ ve tlcaII novabl e by .t he alr der and
oFat able GBORR- | TRUUREE (1 RN MOt e PROVERES oF She SaLRSAEhe

| ati h t th t 4 th
{ﬁp:r :(3@324'@;%136 “’eﬁé‘mﬁ fe%é%iﬁoﬁé PRe e ) ;'nﬁgflﬁ Zﬁbs?é“ﬁréé”saomﬁ
in : arou
uhi oh ext ehIBE 30 F P 80P Rattre, PinstRTRubEEF WaEEFs "0 5y oap Y BRSPS

equal igtepyalg Ofﬁ"nﬁ%?dgf#é:bﬁg Oafée’}% tOfhd | §d’8 eiclela %M%;F eﬂeby

each of the heads thé carouse as an L shaped

structure, r3age§ hGibRSENBRLELDS 9h %h@hsw @gia%émt‘ﬂl%t' theURiceddaybne
carousel 36L and the forward end of the swing arm 45 supports the top ring

20 32L. OnyhberrighhesddByi 8hEl €5p 2ih§r OH@Er Svadiian s OtFRINtheABEROr tLRE 27L
or 27R, the reversing device 28L or 28R, the lifter 29L or 29R and the

pusher 30Lsemnid6hiwdiosheafier Amayhdye rinded>SwiBht hemdbals tihe swyerai ng
device 28L or 28R is 25 |l ocated above the rotary transporter 27L or 27R,
the |iftersRateortidR thel coatiarbriskicowrt lwafaxt aiy thelvbpbyt ethe27kobar?7R,
and the pusher 30L or 30R is |located below the rotary transPorter 27L or
27R. 280 gransporter 27H09r| R7R @baye e dpusher + opfhie ngstBR nay | beat ed
above the rotary transporter 27L. In FIG 4, the three top rings 32L are

| ocat ed onCLRENBEI PR %%ﬁﬂ4§ﬁ§$Eb€5 B%i?%h three seni conductor wafers,

| t I At thj th 45
adial |y inwaldly so FRG EnEnEE A ARG BEne S o Ui KoY néPde t he

| El 5 1 b
Sﬁéoﬂﬁfoad%h%?,&lﬁ%n %29@%&" h'&Bgtrf?lﬁe;e 3508 1 SE8he g Sk v Beradthol s,

transporte i 10,0 h S n th
Euﬁ?.lerexlﬂ &Pati 5 sﬁp’edlsf&'c%%ilpf InO¥RE gBQ&EH;HQ LhENoK

respect to the poli ng ta op ring 3 is’located on

the segpndipel Iléhtn&m@bl &hdledy PRI 03mM-a bﬁflasa@éal $hi EHeOflobBQmE
sem conduct or wafer whi ch has been poli shed on the polishing table 34

FIG 5, then8iopnlbadifyM pgsBtIBnAStRE etSpUAInG03Lhae ivelboptd® fhnghew ng
arms 45 are radially outwardly opened fromthe carousel 36L. In FIG 5, the
top rings 82érhargiigvwodit iashdi wichr eferpadte tourthieal ltichdngt taliesA4Lhe
respective top
and the top ring 32L-3 is located on the second polishing
table 35L. In the polishing unit on the right side, the top
20 ring 32R-1 accesses the loading and unloading position, the
top ring 32R-2 accesses the polishing table 35R, and the top
ring 32R-3 1is located away from the polishing table 34R.
Other components or devices are in the same condition as those
in FIG. 1.
25 Further, the dressers 38L and 38 R are supported by
respective dresser heads 60. The dresser heads 60 are

supported by respective swing shafts which are capable of

positionally being fixed, and the dressers 38L and 38R are
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rings. Next, the function of the support nenber, the 20 carousel andﬁgpﬁ7wm
top ring swing armw |l be further described. The support nmenmber 42 is =™
securely supported by the three posts 41 vertically extending froma table
base 52. A jack conprising a gear box conposed of a worm gear, a servo

thr ee ?ES@oﬁ%&%3%%%“%%&24%%2%%%%} Sy é$‘%%¢:?o;nﬁsio§§$;%ééreé%eiali‘g
he pol | shiRgoHEaenBart Sols o e tefih iR B 33" R bR 2RAM R0
S €nr,, neg,pn t@@g@&f’p&{@tw&féf? S4RPah gg.%éZShg%éf@@@rbgg by

: S
the three posts |y extending fromthe tab ase and t

suppor t "E%Btgﬁeé%ibé S d?éééalar YiehBsSUGD, @ SrRke hbabsér CoMddd 6Ar Okeet i on

provi ded on e top end of 5 the post and a coupling recess provided on the

bottom of thgpsHPRAr thyTEPbSpeROAIE sWihY el N icKULRer capdb 1 de to
ensure the coupling of the coupling projection and the coupling recess, the

not or of theihgCkdsstarpaliyed ikkedgenaiat €hé 0Bgeeswhs CRILS driten3sppkired to
the coupling, thus 10 creating such a state like bolt tighting. Further, in
order to suppbhplpr érsiwdenedrddpactivel estandbypopesiaichsi gndl xdasperhdve

carousel 36L (or 36R), pipes and wires are spirally arranged on the support
menber 42 doeshanhgt pesibiens odn othe heespeahiste RAElishdng3dRpldsesShorndause
15 breaking of wires or twisting of the pipes. The carousel 36L (or 36R) is
supported ByRthe notor 44 which has a firmbearing therein and is fixed to
t he sag ort menber 42. The carousel 36L is controlled sgQ as to be rotatable

only n the top rin§I&Ht nd aFHEOuEh are Shoat e a0t eRBSPLP | Setgen
ition. Wen.t |  36L 36 i t tated, th 36L
Cor 367 | BORBAGPEATact YR E0Pher T09%: alby (3 A4KIor SREPRBEESA Bhordn.
Th ir brake i | wh t | 36 I t ed.
The car ous Pl 385 dbah shh St i BEEHIRIng Fab B 3B (bF ,3%9'°

directi Onsmandt%hqg Otaat.i;fmerﬁ%ftj:[ esGakoustly 38hal Srtddi tad LRqan angle of

240 ) That IS, e carousel 36L oes not continue to be rotated in the same
direction. skhemgetier pétshbeetivs abiégs! herkar eas@hsSbd 861t Bha, 38R] laege in

di amet er

15 top rings 32L and 32R, and the polishing table 34L and 34R on
the left and right sides have the same structure, and hence
only the carousel 36L, the top rings 32L and the polishing

table 34L on the left side will be described.
As shown in FIG. 3, the carousel 36L is supported
20 by a support member 42 which is supported by a plurality of
posts 41 (in FIG. 3, only one post is shown). The carousel
36L is supported from the support member 42 by a main shaft 43
which is rotatable. The main shaft 43 is coupled to a motor
44 fixed to the support member 42. Therefore, the carousel
25 36L is rotatable about a vertical axis O by rotating the main
shaft 43. The carousel 36L supports three top ring swing arms

45 (in FIG. 3, only one swing arm is shown). Each of the top

ring swing arms 45 has an L shaped structure. Each of the top

22



25 as in the notor for rotating the polishing table, and is rotatabli&]dfl
a | ow speed. The main shaft 43 for supporting the carousel 36L is a hollow

shaft for allow ng pressurized fluid, electric power and control signals to
be supplied to 5 the carousel 36L and the top ring swing arnms 45. Each of

the top ri??? “%%gyﬁ%g%fﬁé | §5SUpPPOrL %%?& tps car ussl 3§§.Q%&é§a@

t hrough a and 1's capable swnging 1rn-a horizont pl &ne.

The L0p I BGoSADG8E Med® | S50a0aRLE.08ng WG Tehcdi0t 8] AN gPYLLgGy 11

10 conbination wth rotating carousel,” for thereby bein

located at swﬁ%f akinowansp%%auwgomfht ri%.s?.%lcitsan%ﬁ?g%ia:riﬁﬁgeﬁ?n;’»%ﬂ? pehishi ng

table 34L (or 34R); the overhanging position in e sem conduct or

waf er proj eghSrih@nid ey OAkersPpPRetY Chet BSpPRAIASN MO dtaklte irBrQhdar to
all ow the 15 poliShed sem conductor wafer to be easily renoved fromthe

polishimg pad, thedutdbpneipgsizoronid ncvhprédt ke wem £ondugl ondeef ehokel d
by the top ring 32L (or 32R) is pressed agai nst the polishing table 35L (or
35R); the kbawnphgthnduginl atlbpor fropi dhaft 146 Waingh thlee tepnirdagdehbat waf er
is nmounted on the 20 top ring 32L (or 32R) or the sem conductor wafer is
renoved froe cheplep tong Btox dr t32Rugh antiimbegneelt efnc&hersiforen i n
which the top ring 32L (or 32R) is detached fromthe top ring shaft
(splined shhet tops. rime 8/ ndsnyentdcalilig mavabdevibyy e t Adrt eylindgrswi ng
arm45 is controlled by a 25 servonotor 48 attached to_ the carousel 36L (or
36R) throu§hoh FheWRbeadtthgotatabldsopbantl Atsredfarfi*ds Dyt 5pperotPE Pk ovi ded
at a sll\%ng end of the_swi nging and rotating of the top ring swing arm 45.

26  Further, when tﬁ_@%op%i"ﬁ&i sWi FGOHT iy F%l?*b’&diséﬁpatb?h‘ée%‘bl tafj ng
POS! {100 Ol 16s 88! e 10 0Le Bl (8043 B 0O 15k O8O 90 19
oo o B! PEegIARORM DORRSIE Yol oo R LODRRS! 0110 RS,
arm 45 is ppeyepsed f L@ EOViye WMREY- Y fbrikBE three heads hi,
h2 and h3 which extend radially outwardly from the main shaft
15 43 at angularly equal intervals of 120° . Further, the top
ring swing arm 45 supported by each of the heads hl, h2 and h3
of the carousel 36L has an L shaped structure, and the base
portion of the swing arm 45 is supported by the carousel 36L
and the forward end of the swing arm 45 supports the top ring
20 32L.

On the right side in FIGS. 3 through 5, the rotary
transporter 27L or 27R, the reversing device 28L or 28R, the
lifter 29L or 29R, and the pusher 30L or 30R are shown. As
shown in FIGS. 3 through 5, the reversing device 28L or 28R is

25 located above the rotary transporter 27L or 27R, the lifter
29L or 29R is located below the rotary transporter 27L or 27R,
and the pusher 30L or 30R is located below the rotary

transporter 27L or 27R.
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upper surface of the top ring swing arm45 is pressed agai nst the pl at ei.bygy

an air cylinder attached to the bottom surface of 10 the carousel. Wth
this arrangenent, the top ring swwng arm45 is prevented from bei ng
el astically deformed upwardly for thereby keeping its posture stably. From

f ool f dpoi nt, id I i di. i i
arm’’s prov dad on' CHEbEEBomIrs Qi1 Ghe W (WP shbper: ekl 00eBhna:
armi's provided . i ; et
han Che pRepTS onbeurer Aty EpBpePrhE Ryt 42t s a1 B 1B o0

oper at ed. fi‘ﬁ%‘eg,zzgr#é% gfc%%qjte% %h | $nl! ?g‘iigﬂiﬁgeft%%gr 334 Itﬁogegﬁia%ﬁe top

ring swng arm 4 ed Tnto a groov rmed I n e plate

53 (descri bpded AL &t cordlitttor! R s8ULdes PRh Pt 15N hGUERTsSHERe! Nehe ! Ne

gui de pol e s not novabl &€ al ong a roufte ot her tthan the route which is

predet e m ped PLd N, iy dani Albe a28- s rddSa O denRhat§ 33 whht BRe
described in" 25 detail ."FIG 6 is a plan view of the guidé plate 53. As

shown in H&p €ingi %widhgualrésgraovase Shecdted4inside f oiaedatrudde goide

pl ate 53. The groove 54a is a groove for limting the |oading and unl oadi ng
position, BngFDOVES Hdthe tap @rimgve2R71l is.ldcatedi.above-the floadingi &ahdg t he
mai nt enance position, the groove 54c is a groove for limting the standby
position, thkoadimyepdditticon awlipwmvihd otop | ming ng2khk isplocaged epbavenent
position, the groove 54e is a groove for limting the buffing position, and
5 the groovke5afotiarya §ranweortrr | 2iiti righe h&opni hirhaded-gosisi g Fhe
gui de poles 56 vertically provided on the respective tog_rin% smﬁng arns 45
are fi}qedoygr@ﬁ@%%n%rggﬁ*ﬁgon with respect to the polishing table 34L,

and the top ring 32L-3 is located on the second polishing

table 35L to perform a buffing polishing of the semiconductor

wafer which has been polished on the polishing table 34L. 1In

FIG. 5, the top ring swing arms 45 are swung so that the top

15 ring swing arms 45 are radially outwardly opened from the

carousel 36L. In FIG. 5, the top rings 321, are shown by

adding reference numerals to distinguish the respective top
rings.

Next, the function of the support member, the

20 carousel and the top ring swing arm will be further described.

The support member 42 is securely supported by the

three posts 41 vertically extending from a table base 52. A

jack comprising a gear box composed of a worm gear, a Sservo

motor and a ball screw is provided at each of the three posts

25 41. The three jacks are synchronously controlled, and

simultaneously operated to raise the carousel 36L at the time

of maintenance such as replacement of the polishing cloth

attached to the polishing table 34L (or 34R).
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54a to 54f, and hence the novenents of the respective top ring sw ng -arksg) 7004
45 are limted. Further, sensors are provided at 10 essential positions of
the routes defined by the guide plate 53, and hence if the respective top
ring swing arns 45 tend to be noved beyond the predeterm ned routes,
interlocking is worke control circuit. Lgvghe abaye structqgf,ia

5 bed. 5 n

batch processing of t 2gh€5ng5$§ pﬂ%%%?%ﬁoqmaf %quorgamﬁﬂg?i
this case, ;opsrallon, o dbe,pold SAY Yl b, (o8F1 | Chle shdedi EloReche

descri bed. nsferre heé“reverst ng device 28L

ot unti g TEGES 4400 ey it chBASLERDEE fhublt 4 SO LRak (hARIPSR | ook Tl DY
center of fhe staoenef 4heouotaly %@ﬁ&gaﬁgﬁméé&hia@@dtwéhar@f

center of the sem conductor fer reversing device 28L. The

sem conduct s y@éeraﬁaaae@oaleg $b888s Oprévrietd diotely hovusPB ekha 7L 1S
transported to a position belowthe top ring 32L by the indexing notion of

the rotarystppssponémiber 7éngdde tifith téadh bHiged Op Fumhe¥JL irs bt egb at
t he | oadi ng and unl oadi ng position of the rotary transporter 27L by the 28
ar, a ensure the coupling of the coupling projection and the
coupling recess, the motor of +the Jjack is energized to
generate torque which is then applied to the coupling, thus
10 creating such a state like bolt tighting.

Further, in order to supply pressurized f£fluid,
electric power and signals to the carousel 36L (or 36R), pipes
and wires are spirally arranged on the support member 42 so
that the rotation of the carousel 36L (or 36R) does not cause

15 breaking of wires or twisting of the pipes.

The carousel 36L (or 36R) is supported by the motor
44 which has a firm bearing therein and is fixed to the
support member 42. The carousel 36L is controlled so as to be
rotatable only when the top ring swing arms 45 are located at

20 the polishing position. When the carousel 36L (or 36R) is not
rotated, the carousel 36L (or 36R) is held so as not to be
rotated by an air brake housed therein. The air brake is
released only when the carousel 36L (or 36R) is rotated. The
carousel 36L is rotatable in clockwise and counterclockwise

25 directions, and the rotation of the carousel 36L is limited to
an angle of 240° . That is, the carousel 36L does not

continue to be rotated in the same direction. The motor 44

for rotating the carousel 36L is thin, and large in diameter
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- << Iv.". I~~il3 swing notion of the top ring swing arm45. The (o 003
sem conductorwafer is transferred fromthe rotary transporter 27L tothetdp”
ring 32L by actuating the pusher 30L di sposed bel owt herotary transporter

27L when the center of the top ring 32Lis5aligned with the center of the

" epeat | ng e iBochie OPEFAE GPT t FECSEHIoftac (EHdng ocoled 6 (1R

waf or s ar 9 TEREL P B 4ot Do SPHBAr | ngBe3TRin RBAHY b SEOH cONBRGTRIRE
waf or saga T CREBSTT SAFhg FaB D Hah S Bacg T ALEN BRateT bt er s
Fotati ng par el neteduPEs ey (h; BBRTRAL TR OEAEY SRONE MAAMER 0 0
andt hodem EahIS P o Poopaht o W e b c26hde of { neabrasi ve |1 qui d

between the | ower surdgee o e +3pm-aagddatag20Wateisand Ehgpdotdshg
surface. During this polishing,allof thé sem Conductor wafers are noritored

by an optigad sarsgsélieswr bedr! aben) twrdigihech Fipal | B sPNdiahidonis

of t hesem conductor wafers. Afiter a predetermned tine of polishing,

t het op25r i ¢gpadlle ol dvimdngedhcandoei sonteell gylaneder Thactom Fhegeafimwy, the
sem conductor wafer held by the top ring32Lis noved toward the outer

peri phery afmt H& pdisi shapgblabla34ishyinghegswi ngtatoirioon agid t heving, ri iy

swi ng arm 45 whil ethe 29 -- 4 f,'f,7 "(1~~~ i~~,~ ~ ¢ semnm conductor wafer
cont adtls t¢rmpigiatsiamgridihotiptatinge anglies iihgthaabtaroysel | for t Bleereby

sem conduct or wafer projects fromthe outer periphery of the polishing
table 34L P?ﬂ%chl%%e@tt hifet hEOLEPW Y ofPASHE 108 colthiBct BRPLBR R i s

| ocated 5 on the polishing table 34 d r the i phery of the .,

pol i shi ng Pt Lo%st%g??]&sshdﬂgs:fﬁggeaﬁggamﬁt 3§§S/d o?ﬁ?h@’gﬁ?‘f‘%‘éjen%f t he
sem conduct or. waf er . proj s,kro |.L.shi.n l e 34L. .Thereafter, the
air cyli nd%cfs:(tnlo?n s?ﬁovvnwkﬁfgfsl é-’f(t:lte ua eté“g,%oglﬁac?ﬁlé tga 8%8% d: °’§%Lc t%ole{d‘:lc’%‘g ﬁhée

sem conduc F’HE Al . %{ﬂj M N {Shi ich is
used, the éﬁ ac &'El nsﬁlaﬁ ({)eti\?\lgéejnpt es L?Pry OI’? Fhep%oc}%h%gﬁé%v?h%d t he
sem cqrductOri LT sERYcHRISIEANORATEP ARt e abhd ALY | vemboeae @ort hend op
ring, tending to | eave the sem conductor wafer on the polishing cloth. In
order to lSor&shiaRy tdiRl;swhkaQfEengi positivh semwvedrtueher sealiesntscedt onwed
to project fromthe polishing table and then the top ring 32L is raised. If
nor e t han @W&fésr delchéys whieatepareag o082l heors GAR)onGU pres sedl agapnet eths from
the polishing table, then the top ring would be tilted, causing the

sem conducpotisteirey 2@bille hBbLt heored@SROf t bee poldaghing teall eunhdademge to
crack. It is therefore Br_eferabl e for the sem conductor wafer to p\r,\gl];lect
about 40 9pe¥itian simfybéchr &hef SEMLICRBABSFPEhIAGSE abfe MAURTSECh& vBhRls, it

is essential that the_center. of the sem conductor wafer is | pcated on_the
ool  siathg ToI B1B9L 3252 (o dR)r (Fingtll SHELGIUGLAT FALTE TOnFPBRRSE t he

sensor detgcts the conpletion,of the.Lifting,action_of,.the air_cyljnder
(ot shownt S EhEFOBY bk Sebo (PPnazaht 8fdr EbbrBafactifnd® ittt EoFoves
to the positigp: aboye.t p r L N & 2N

sem conduc%{‘)r‘gl\[/?v%d er¥ﬁ8 th'ﬁg ﬁgﬁerﬁgoé. QAthzg\l) ?Jhnsg dséem CE%E%%%? % e?o S
renoved fromdhentep ridpdidel chaPt§anidg | el duih@wen! | skdia ddreah@er
surface of t ée top ri n(gsr?%i from atﬁozzl e or nozzlles?%l%_%gat ed belx%ﬂ?he top
5 ring 32lpopiwly t g weher g dirifgSWWiake 8fmt e tap rédgeSAliandpy a
surroundi ng regions are cl eaned. %he supply of the cleaning liquid may
conti e t ge PrENGIBr 148 dtiadhedy tor aMedichirbdsedt BbL.a(64bseRYEBhrough a
sem conductor wafer is transferred to the top ring 32L. The cleaning liquid
may be firm bearing. A sensor and a mechanical stopper are provided

at a swing end of the swinging and rotating of the top ring

swing arm 45.
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10 intermttently supplied to the top ring in view of the running COSVW?“?M]
During polishing, the polishing time may be divided into a plurality of " %
steps, and the pressing force of the top ring, the rotational speed of the
top ring and the hol ding nmethod of the sem conductor wafer nmay be changed
for each of 15 the steps. Further, the kind, the amount, the concentration,
the tenperature, the EBpPR§r ¢ WheR, thihd9n KNG stHEdaBrasidve 15| d@icatesed

may be varied. Next, the rotary transporter and associ%Fed devi ces t her eof
wiil be ded&r ithedPRiishIRg RAHELQD Wl €8 POLhTlifh TP 348 d8T #ARdnd 7B

show t he reversing ge¥'ce, and FIG 7A is_a plgn view of a revergin devi ce
and FI G 7B iRALE spHe tBEvaR oFHld vPEMHY paFRI §3i it HRCTEE  FBRIOBS TPe

i devi . Si h i i 28L d 28R 5
Gents ool SRFREBRro RS (AN ASHEL SRR, SEELGER 8RR B ChrdlstRe) o
As sh i n..El : , «Lh i i , i f t
arme 230 sGiBg PrabOdBR 5 LbyBepaYt SN CARAR At MRl redepalicual ©
whi ch have (31 4 ’bott&ﬁéi'rfaﬁéuof Qheoﬁ%goggé}c%%nﬂhﬂﬂ;atﬁ@”kSB“QHEEOf

waf er therein. e armns can be opene n osed I n response to

nmovenment ofs@nghalkh 434 ikhakeGBRLRE PHSRHORRNL PUbd SRy, aruichety! ichder
232 and a conpression spring 233. Wien the air” cylinder 232 is 5 extended,

the arnms 23@patre sapened bhetroYytopeing heviald sl igwlels PI2dsedcepiaiasted,
the arnms 230 are cl osed under the force of the conpression spring 233. The
shaft 234 ahe platp bypdawfaimecylindad iandach@32tarehe faxteachnt rsamfeaeh ofit her
by a distance, and the shaft 234 is pulled back until a stopper 235 10

cont act8 arthendahlovskl236Wanhterthtibe apirasgefente theptesskdngspwing 238 The
end bl ock 236 is adjusted such that when a sem conductor wafer 101 is
chucked, a48l d&r apvavested frams keing clasdigadhyt Hefornpaeryasdild fokKe end
bl ock 236. The 15 stopper 235 has a slit defined therein, and a
transni ssi GHOEPRE KegPing elebPeBFALes 558R1Y1 oned to detect |ight that has

dth h th L.t wh th i d . f 1Q1 i I d by th
passeq Lhrough the STLLawencLhe seripondiclon var o 108! Suclarmed by the

t b . s 2 ] i i d
camnol be AR HAPOLLY, A% 20 LAISHS S PoLAORd ol Spngop 2ETydocs

capabl g5 0f h,2¢a@8I &eNdnah el fifiorithenex@BrC ARdUL ofh ¥@f Ee 10dpi £1REEEGANMgOT
not in the reversing device 28. A slide nechanismfor the shaft 234 and a

pul ey 25 23% abeigOnNeCéLtbneoBAGHh dpet@tedant pheiPLldLH AR ithagowpked to
a pulley 240 fixed to a shaft end of a stepping notor 239 through a belt

241. Wen theittienpi whemat ahe?23Sop Sriamer gwiegl, athe 48r nis 230Lawead rod abed
about a horizontal axis. 32
operated. Further, a guide pole 56 is fixed to the upper
surface of the top ring swing arm 45, and is fitted into a
20 groove formed in the guide plate 53 (described later). Thus,
the guide pole 56 is configured such that the guide pole 56 is
not movable along a route other than the route which is
predetermined on the guide plate 53.
Next, the guide plate 53 will be described in
25 detail. FIG. 6 is a plan view of the guide plate 53. As
shown in FIG. 6, six arcuate grooves 54a to 54f are formed in

the guide plate 53. The groove 54a is a groove for limiting

the loading and unloading position, a groove 54b is a groove
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~ 1.U As shown in FIG 1, the shutters 26L and 26R are disposed between, t‘.:,tﬂgz
reversing devices 28L and 28R and the transfer robots 20 and 21 for * i
separating the polishing chanbers with the reversing devices di sposed
therein fromthe 5 cleaning chanber with the transfer robots di sposed
therein. For transferring the sem conductor, wafers, the shuttgrs 26L and

26R are opEMedliBRABIRGe thendR@igltenRace RASHI0Peh e 2BF ANV 224fovid i d and

move T n anBEORe of0% AT b iRy Lo REE LEFSP peEhE T 38R ol cfbshd, |
Phe. chuck FTOEE o EPF A Ao S oPB 5a ) Ao R T e 8RS or
15 The 1 ol S8 1 2 A fdi Pty Ehel BREESHG, BLERedA PRI

28L ang; t;g@%{ %B:c}o% sgrEconduct Oggé@%eer A tfﬂgmi@ysgsiewe dﬁgiigee%hceThe

transfer 1 and the litter an access the Feversing device 28R

and transfggsieoseni cgpdugheeWaidled 0556, 184NN FEY £8@8Bn 28ndhe
reversing device 28L waits for the sem conductor wafer which is conveyed by

the transfegspabotveCay #itgy 9viRy a2fls 145 aureh fatsbdt eént haksthgraowes230
are opened. e arns 230 are cl osed when the sem conductor wafer conveyed

by the | owstahemdsaf, tdel themeef eher mboen@dtorof hthe? frdsipeceriv@9kopsring
positioned in the sanme vertical height as wafer holding grooves of pins 231
fixed to tseingmer@g04andrehdimdhedr oFurbkesentenseitct are wpfevided at
substantially positioned at the center of the pin arrangenent on the arns
230 arld af esgemial positions |@E3the routes s¢ ed paly chle veubde cBApEeti on
of novenment fromthe transfer robot 20 or the Jifter, 29L i s generated.
After the p?esapeiice Hd {&@ E6FBBEESYS viEPR 1T HTH %“élntgoﬁfrf“lsngé bgrd &ensor

237, the hand of the transfer robot 20 is, lowered to a 5 certain hei ght and
is then rePPadl¥Ed APEEPRAL iKhA yPTEAREPTPHESDr ESBREE  of TV HRF XOSK D dbEt or

wafer 101 is co firmsq:lr%_t e_senso 237, the lifter 29L is lowered. In
this manneVor¥ed Reft SO 0P R&FEF- 101 is transferred fromthe transfer

In the above structure, a batch processing of three

15 semiconductor wafers will be described. In this case,

operation of the polishing unit on the left side will be
described.

The semiconductor wafer transferred to the

reversing device 28L by the transfer robot 20 is transferred

20 to the rotary transporter 27L by actuating the lifter 29L

disposed below the rotary transporter 27L when the center of

the stage of the rotary transporter 27L is aligned with the

center of the semiconductor wafer held by the reversing device

28L. The semiconductor wafer placed on the stage of the

25 rotary transporter 27L is transported to a position below the

top ring 32L by the indexing motion of the rotary transporter

27L. At this time, the top ring 32L is located at the loading

and unloading position of the rotary transporter 27L by the

28



robot 20 or the lifter 29L to the reversing device 28L. The 10 I
sem conduct or wafer 101 transferred to the reversing device 28L is reb &Y.s &
by actuating the arms 230 with the stepping notor 239. The reversed

sem conductor wafer 101 is kept in the sane condition until the transfer
robot 20 or the lifter 29L accesses the reversing device 28 to receive the
15 seni con8W&ngrMQELeR PReEREr BAP THRY r ARG Hg" ober atfhén semicpaductor

sem conductor wafer is carried out before and after polishing of the
seni conduc¥dfefiafiér tnapsdezeess frr@%}‘ertﬁengrquse\’ﬁ%‘b%ﬂ?é@ér k0 18%8whi ch

has been polished, in_order to prevent abrasive |jquid or 2 round- of f
particlespﬁPPaEH@H1%?%?R¥s%ﬁﬁ ?ﬁﬁ&n?ﬂewﬁﬁéﬁgﬁogbﬂﬂb?ﬁﬁoﬁﬁ$igﬁfﬁﬁ FﬁSm

bei dried h i d f h i . i
r?'fné‘%d L‘{ao??sisnﬁﬁéﬁ%ﬁ%dr‘ﬁ%ﬁ? T S S S 10 CoF OB e Lol thindtiot or
. , i L id t i he . i f 101 25
Conpr | sbo PurangA BEthr thec HERCEk oF diiea HECTCOaRRY | HaEeY oRieprayof
nozzl es attﬁﬁrgggééggfréﬁéafﬂ%gﬁ? %r%ﬁQFBEEQrpfﬁ§§ure at an optinmum angl e
od of {1 ne.

for a desired per e rinsrng process enabl es a subsequent

cl eaning process to bﬁ%f@ﬂé‘&éﬁ% e abofel operation 2 Xt Idend combhictoent
cl eani ng performance. Il'e the sem conductor wafer 101 is waiting on the

reversing gayege id8Lhodded IredHOhii €o ORLhdBIES2E, OshSpstipet | BY tlet he
sem conductor wafer 101. However, in view of the running cost, the cleaning
5 liquid neyrbaessuppbied intermttently to reduce its anount in use. Wile
the reversing device 28L is not clanping the sem conductor wafer 101, the
groovek0 f or cl anpi ng Aftesethe mehictomduadber wa Odr s naires Urcagiend iomg adde af

t hereof may be 10 cl eaned by the cleaning liquid to prevent the

sem conductbe wabpr rdngér oARbei ngheonthnedat semigonduegters waderegi | are

contact the sem conductor wafer 101. , ,
simultaneously polished by pressing the semiconductor wafers

against the polishing table 34L. In this «case, the

semiconductor wafers are pressed against a polishing cloth or

15 a grinding stone attached to the rotating polishing table 34L

by the air cylinder (not shown). At this time, the abrasive

liquid is supplied from the abrasive liquid nozzle, and the

semiconductor wafer 1is polished in the presence of the

abrasive liquid between the lower surface of the semiconductor

20 wafer and the polishing surface. During this polishing, all

of the semiconductor wafers are monitored by an optical sensor

(described later) to detect a polished condition of the
semiconductor wafers.

After a predetermined time of polishing, the top

25 ring 32L holds the semiconductor wafer under vacuum.

Thereafter, the semiconductor wafer held by the top ring 32L

is moved toward the outer periphery of the polishing table 34L

by the swing motion of the top ring swing arm 45 while the
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FIG 8 is a vertical cross-sectional view of the lifter. The lifter 29Land;
29R have the sane structure, and 15 hence only the lifter 29L will be
described. The lifter 29L conprises a stage 260 for placing a sem conductor
waf er thereon and an air cylinder 261 for lifting and | owering the stage

260. The air cylinder 261 d the stage 260 are coypled b shaft 262
which is vEPTHCRFYCHRYy atiiad erThEODERGES 2687 R asP2b $HGe §§8§Brt°50r%p%ns

and ext gﬁéﬁﬁbi‘%%%‘*?%i‘it%ﬁ?érﬁﬁﬁﬁﬁqéﬂ%ﬁévﬁ : Seiaé‘rg%‘f)%%éfc;%ofor? Fh 2B5OuRE 5:”
naving an bFPRnEatrahert dpSiteny o e s Aol aRpIET EETERCRERR OB e
three suppast, porthaps; 263 caneedi SROSRA Qbnpashhlens, Wigke:  hey13Ee,0!

aligned w the pins or ¢ i ng the sem conductor wafer in
reversifg ggvige ﬁ?&li!ﬂfﬁg' tabiBe {41f Shn@CHdNEr Bhe © g@iﬁﬁefﬁec?é thé
', .,,~,,; a5 sentconductor wafer held by the pins 231 does hot correspond

to the SeC@BQiﬂ@iﬁ%hﬁéﬁie edge 9§ hhén Sgén;rﬁ@@QLBIQVaM@f%od}?Mb%WOf hehe
support portions 263 of the lifter 29L. e wafer support portions 263 of

the |iftersebiagdi 6h fits faniicdritRickokr vaséLrpodjddtss FHOMCRRGUPHRL sWAREr tO
the reversing device 28L or the rotary transporter 27L have respective
support sutélates F4n. supfieteaftdrhe skheai caiducydindeter (ridter eownandis
respective taper surfaces extending radially outwardly and upwardly from

t he supporacsuatedesafdrtiveitog imiggt A3l 1Boiding orhitictamicaaflectokhewatae

sem conductor wafer is placed on the support surfaces. The wafer support
surfacks oist Heisedge DEPendipg sad the RALidhiny otlathe wiichcyis naeedz61 to
a position where the sem conductor wafer is held by the reyersing device 15
28L. A st opBerSvEhagayFaLs 1R e Rveats dhs g Wrkc OPokhes PRLoFh4Ra £6°kRop

i si ft 260. t base 265 fixed to the shaff, 262
cont acts tARYSt BBRor SSBA OVURCHET aRLUSK | ORCGr BRe SFTORYTY ndcra3e:the

stopped. apgLhe. [pUiAGAl Lhe 805 300,xed LoLhe, Shaf 1280.15.20

si mul t aneous opped. st1 ng e [ocation o e stopper 26

i7tinghelghiclaldenst 3a2e260fannBe A gt 18,k T anster om0 of

t he sem conductor wafer between the [|if 29L Tan e reversing device

28L. SBNSOFeges amel AbrfAie tIRModedtRE £8R1SoRdEMINIRke261st Q181,881 25
completion of lifting and |lowering of the air cylinder 261, respectively.

Next, the epepabijest ofrdhethé fpelidhivigngablle alhdvehehr yreutépWrlihgbe2rn
described. The lifter 29L constitutes a 36
is raised. If more than 40 % of the surface area of the
semiconductor wafer projects from the polishing table, then
the top ring would be tilted, causing the semiconductor wafer
20 to hit the edge of the polishing table and hence to crack. It
is therefore preferable for the semiconductor wafer to project
about 40 % of its surface area from the polishing table. 1In
other words, it 1is essential +that the center of the
semiconductor wafer is located on the polishing table 34L.
25 When lifting of the top ring 32L is completed, the
sensor detects the completion of the lifting action of the air

cylinder (not shown). Thereafter, the top ring 32L starts to

be swung, and is moved to the position above the pusher 30L
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,_.f 17.~~ wafer transfer nmechanismfor transferring the sem conduEt o] A
waf er between the reversing device 28L and the rotary transporter 270 il
sem conductor wafer to be polished is transferred fromthe transfer robot
20 to the reversing device 5 28L. Thereafter, the sem conductor wafer is

o face. onkfi i ABHEESNAELE ors SR FOOEUREF o HARRE oo, NEPS erf BORAUCETR - wat o1
sem conduckErehatbF matt EpaPRaoF coterng L or el SEpnante <& opped

the air cylPhtes SAEREAIC e 01 SEBE ey o SEE HhirgdBstbe shEl o
Feversing G0 Esdgntberaelle Rl NG b T CA R o e bR

i Tter Dottoiar2airan The! el o e o Par rg The o7

seni conduchgy WAl fourn@meonreflibhe tdie sembsnadict orhwalQippsy | ewer eHeby

the lifter 29L, the sem conductor wafer is transferred to the 20 rotary
transport egl@dhind\t 1ikusdt inds &betHawé cesdyiaventafl elie i opl atiaty ofirbhe
pins of the rotary transporter 27L. After the sem conductor wafer is
transf erredrybng hantol any subzegpent eisedibontihetodr f wvafe?9hiscambnefiesred be
operated to | ower the stage 260, and then is stopped when the stage 260 is
25 | ower edtby tthe sttragke ving he3alr cyl iThéer d@Bnifige skiudchdueaor baf er
whi ch has been polished is transferred fromthe rotary transporter 27L to
t he r eMer sipterrittentlal swonliied tpt he2bpp TiRd 3% Vidve ofefh@olHDBEBE 37

waf er whi ch has been polished is transported by the rotary transporter 27L
to the posfPfbn a%&Fér‘tgheP‘Hstt}b’rngsz?h&t P?ﬁ?-§h¥’i‘9re}:lf“ﬁe M&Ya e Zégvﬂyfieflhe

e oo bRauds Rt  TRE bE EhnRr Rl B - PLAR LA BRRE LS B, O
”ansportegiggL kel q;:?(?:q.o?i%lt R S'z%i’hOEhé "!Esg' géﬁ'[gy ;}&Pvghéhﬁoiaagg 260
er [ naucto e

of the Iif 29L "an e novenment of e semcC r-wafer is Stopped,

the stage 260n04 abethbf 58hié8haSt @bt Syl febenipi B8UchdRGest 9L &80n Ob¢t he

lifter 29L recelives the sem conductor 10 wafer  fromthe rotary transporter
27 whijs t’BEeSEﬁGEs 260rhsthéf | ehe ThIHBATEIRY (anidimtSt age 28hcehtirAeibhfter
29L continues to be lifted. At this tine, the reversing device 28L waits
for the sefheondmpepatudéd ortha supbly simimgt handt beékar as 2B abeaspeaed to
be ready for cranping the sem conductor wafer . 15 The lifting of the

seni conduclbquivdfesed snagt dpperraedt he position where the semi conductor
wafer is horizontally aligned with the wafer hol ding grooves of the pins
231 on the arms 230. N®%tcoih alqt@rYotrRREPPHECHf 2R asosgatedodpNicRe

lifter 29L is detected by the sensaor 266 provided on the_air cylinder 20
261, and t hBeHEPRCVihG SegrfifsPPede Wdisretrsence sshiF1e a LoktFOReBr of

t he po%sh'&gg apparatus to allow the controller to recognize the conpletion
of 1ifting 0f the stage 260. Wen the controller of the polishing apparatus

receives the detectingrgs 9Nl add'9 s GYBLSLRE PEVEEE: 7P udvicdehakeF 1D
7A is a plan view of a reversing device and FIG. 7B is a side
elevational view, partly in cross section, of the reversing

device. Since the reversing devices 28L and 28R are of an

25 identical structure, only the reversing device 28L will be
described below. As shown in FIGS. 7A and 7B, the reversing

device 28L has a pair of arcuate arms 230 supporting a

plurality of (e.g., six) pins 231 fixed thereto which have
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25 close the arnms 230. By this operation, the sem conductor wafer is held.
by the reversing device 28L. After it is confirnmed that the sentconducﬂor
waf er is heId by the reversing device 28L, the stage 260 of the lifter 29L
is 38 4 f,": ; ~v~B owered. FIGS. 9 and 10 show t he rotary transporter,
and FIG 9 is g ?n VI w of. _the rotaré é agﬁfort FI.G 1Q.is _a

verti cal c55§§V§ PEn& aWPéRHoF CREFBRAPSEQ Vﬁﬁ%ﬁ er%%“The &t s
transporte 271 and 27R have the sane truct r and hence Q rotary
transporte?agﬂ_ﬁﬁlg bé’&%f@rl ‘g %% %Sppﬁée & rﬁP%ﬁFéﬁglgfo?ary
transporter, S o e oyr, ,waf er
support staéé% 2 84 Eﬁ%ﬁggg *Qq%qua _QFFﬁ #85 “%ﬂ,élﬂdﬁ?gﬂgggh%3 the

four wafer Suppord, né%n i \é&?ﬁngs'%?' NSyt éﬂé‘“ in %ﬂlhﬁguﬁzé‘ge ikor

supporting Fhe sem er’ at” si x points. conductor waf er

can be §uppRAkadeRy athd e%%l;nst hRe REBS.oftiled “tﬁ&@oye”boddh%”tthé higi x
pi ns 201 are provided for supporting both of the sem’™conductor wafer having

15 an ori erfyatingarf b3b agdcbheraetedpnehet Sfmavad 30 iy idibsedainder Ahkaper
surface 202 having a taper angle of 15 to 25 fromthe perpendicular is
fornmed at tfeeckobfarttecrdmpeeltson 0fptieg p238 20 THeo shladfaw2Ble apdmacedguct or
wafer to be centered when the sem conductor wafer is transferred. 20 The
waf er det e@ndngfsetisorsi?208yhirdgyr o¥32ledrat spased | bnam spackdothem bhea
rotary transporter 27L. The sensor 200 is a photosensor conprising a

| i ght - eni t tdisgaskereand2tba sivift 334hts meddedi hgckl emeiht 200inprexd 238 not
noved with the stages of the rotary transporter 27L. The sem conductor

waf er 28 t ¢ B&agitscadsendhnelede %gﬁteﬁﬁﬁﬁcFB? Raper ofhitdie reemr@ssion
processed are pl aced on each of the stages. Rinsing nozzles 501, 502, 503
and 504 forSPEApl 9? a cleaning liquid to the sem conduct or waf er are
provi ded 39 4 ~' ""' Iom/t e ro%ar a orter

27L and in tlhe posi t i GHE sefﬁjcebl??}ém%ﬁe Jr%ta 9uﬁ% sfuf
501 h h
rinsing Eﬁ.zﬁ%mﬁ,%pggugﬁor Foa e At 'é) ”éﬁt{ gg al cﬂ%araﬁ%@t e  tht

st ages. wat eris use eani ng i C]UI d’
created between the stopper 235 and the end block 236. The

LL‘

15 stopper 235 has a slit defined therein, and a transmission
type light sensor 237 is positioned to detect light that has
passed through the slit when the semiconductor wafer 101 is
clamped by the arms 230. Therefore, when the semiconductor
wafer 101 is not clamped or cannot be clamped properly, the

20 transmission type 1light sensor 237 does not detect light.
Therefore, the transmission type light sensor 237 is capable
of recognizing whether the semiconductor wafer 101 is present
or not in the reversing device 28.

A slide mechanism for the shaft 234 and a pulley

25 238 are connected to each other, and the pulley 238 is coupled
to a pulley 240 fixed to a shaft end of a stepping motor 239
through a belt 241. When the stepping motor 239 is energized,

the arms 230 are rotated about a horizontal axis.
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5 A separator 510 is provided on the rotary transporter 27L so as to-4 [%7 7
separate the wafer support stages 210 from one another for preventing the
slurry or the cleaning liquid used for cleaning the sem conductor wafer or

the top ring frombeing scattered around. The rotary transporter 27L is
coupled to a 10 servopotor 511, and .the sem condyctor ers on e rotary
transporter 27L are tg%nﬁlﬁ%‘?’? eanbg‘qg’ne di %hﬁg Str}}’r’g:%seésv%‘t o?néﬁélgAaﬁﬁne
position sensor 206, i rovided on the | ower .porti of th ot ar

t ransport ef'*25¢5€ n8e§8§??i i??hengr DL It eevrlctersang r aB%siitg' onar?% the
controlled,_b ho 0si tjon sensor_206 t.he servaonotar.511. The
transfer pBE%P%gﬁg Wﬂﬁ% E%a?obeaégéi??onéarar%aggﬁ?9§1 i§¥lns%§%l§§éﬁgar
interval s it h: L£es t . ity a : t he
operation gpa@%%}_t\% o{}géks ﬁ%n@%@?#%&%%@f%%haglﬁg O? %cei g&%\%gét ;f % u}:g&wi |
be descyibgdeafi Gy 2haRpYs AN PESAd ALY Ofobdiss F AldpYsbi ansROELSE! 27L.

The rotary transporter 27L is rotated countercl ockw se, and the stage 210

is |ocat edFéPO\tQah@Qek‘kiﬁgr tB8. S doRldatY ot ARt erte! Rshst oAt edr
cl ockwi se, and the stage 210 is |ocated above the 25 lifter 29. The

sem conduchnd w@Relark0bgedelle taninsiiry rethds0 dheth®ptrangfSZlrobots 20
transferred to the reversing device 28L by the transfer robot 20. The

sem conductnd 2a&fmovd(in isndedut f 4he openidg$~~,When the-handshefr elhersing
device 28L, and then is reversed, i.e. turned upside down. The reversed
seni conductoanséérr robotss 2kcended® bydohaadti fmeve 29h, andl phén dowehed.
Wil e the sem conductor wafer 101 is lowered by the [ifter 29L, the

seni coiucPBenENg@af etheo BhuEterst 46dd #7dt RERt &Fer aiRFetbespPOPiding ha pins

201 on the wafer support tage 210, an |.aced on the, shouyl der of the pins
201. Aft er RREFSRFPXbnBGERAR LA dPT1 AL ‘g’l&gac%e ofiCPhEOPHARSE D 1 wafREs

lif 29L j .ed h 60 be | d
nti | the 8F8gENS BoNHIR S MEEER LRL S, Pay By 41 5 401 &r9oPPanspor tor 270
wh th t 1 t t . Lhe.not
C anspor ter 270 1 o 1 oler et BsraseR PR oS sVl (=" GeR B

semi conduchgLcwebes Wth Yeriente! RbYriE@NSROTAR] 7&47L is positioned above
the pusher 30L. After 15 positioning of the rotary transporter 27L is

conpl et®d, the pusherTiéledasnsmRar dlopdtt 00bgnd atis@di i Ayt e, TR aepdyst or
wafer 101 is transferred to the top ring 32L | ocated above the rotary

transport eth@7kevéheingendenicric28n awd etrah3iferhittle aanilkeadupabrshkadez0 by
the top ring 32L is transferred to the wafer support stage 210 of the
rotary trabspdieerre¥grsiogadesyice 2Blanceheelorandfen aphdng2 B2andy thhe
pusher 30L. The sem conductor wafer 101 which has been received by the
pusher 30Llifbart BARt @Iy ianfeSEL the prevess gy tdvidmul 8Rr andf trraspehs 201

while the 25 sem conductor wafer 101 js centered %ée’t,he t aper surfaces 202
of the pin§h2oiemigRPAIGHEAH@FerotOWERer FARr 1% A8VdF SR 8Rne waf er support

st age 0, and the pusher 30L is |owered until pusher 30L .does npt
i nterf (%e with the ro'f}éer'y t TR purt%r Z?%Vlce 288, PU3ASks S0t £62°° BB

semiconductor wafer which is conveyed by the transfer robot 20
or the 1lifter 29L in such a state that the arms 230 are
opened. The arms 230 are closed when the semiconductor wafer
conveyed by the lower hand of the transfer robot 20 or the
25 lifter 29L is positioned in the same vertical height as wafer
holding grooves of pins 231 fixed to the arms 230 and the
center of the semiconductor wafer is substantially positioned

at the center of the pin arrangement on the arms 230 and after
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[t ~7 11"~ "i I'l 1,~ C-i 27L, and then the rotary transporter 27L
Is rotated coutercl ockwi se by an angle of 90 to position the sem condtétiorils
waf er 101 above the lifter 29L. After positioning of the rotary transporter
27L is conpleted, the 5 lifter 29L is raised to receive the sem conductor
waf er 101 from.,the wafer support stage 210 agnd to _transfer the

seni conductor SAGNEL 18R4i62ERES r Rer GORPIGIPRe 98L. MpYeRenty  Lnpp Fiths 124

t hrough 12E show a pusher, and FIG 11 is vertical craoss-sectjonal view
of the pus ﬁéﬁar‘f\ge&ndf PEs 201 2% t‘?heou‘é’rFtPEEa%ﬁle A SRPgrRSSpl dififtRg the

and nence SHEFTRB HnEh3 G e SaES A0, L% dRono T B
i d f g5 Jhol gl i pg. | Vi oW shaf
Tao. “and s oFbebn Palio ke 45h0°0E Bub, EahErdl Bostit SEXE g Vi
nd a e’ c 1S b e . | |
coup! ed Lo TR e (e BRar a3 RESon R rreR bl o T T oo B ©

cylinders ahg disposee VEF tEral k¥niBoRGEEESr Jhfeld OYET &k cOHfiRARH
serves to lift and 20 | ower the guide stage 141 and the push stage 143, and

lifts and hpwerserddty it owpdalisddd bopetbenowetbdt he rai renayl indisier]45.
The air cylinder 145 serves to lift and | ower the push stage 143. A |linear

way 149 nowdlkl 6 enicdndeetoenwaderan 0%- a strinsdedradY-faxms the pmatsted to
allow the top ring guide 148 to have an alignnment nmechanism The guide
stage 141 irsbitxed tar ttle | 1iBear vBL 149, tlendrevardingeatevianye 283.i s Thiexed
to the hollow shaft 140. The hol |l ow shaft 140 is held by a bearing 42
~t | ~19r isemiggnductor wafer 101 transferred to the reversing device
28L is reversed by actuating the arms 230 with the stepping
motor 239. The reversed semiconductor wafer 101 is kept in
the same condition until the transfer robot 20 or the lifter
29L accesses the reversing device 28 to receive the
15 semiconductor wafer therefrom.

The reversing operation of the semiconductor wafer
is carried out before and after polishing of the semiconductor
wafer. In case of reversing the semiconductor wafer 101 which
has been polished, in order to prevent abrasive 1liquid or

20 ground-off particles attached to the semiconductor wafer 101
during polishing from being dried on the semiconductor wafer
101, the semiconductor wafer 101 1is rinsed by a cleaning
liquid during or after reversing of the semiconductor wafer.
The cleaning liquid used to rinse the semiconductor wafer 101

25 comprises pure water or a chemical liquid, and is applied from
spray nozzles at a required rate under a required pressure at

an optimum angle for a desired period of time. The rinsing

process enables a subsequent cleaning process to be conducted
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case 151 through a slide bush 150. The stroke of the air cylinder 1ngLsm
transmtted to the hollow shaft 140 through a conpression spring 15 R Y
push stage 143 is | ocated above the guide stage 5 141, and a push rod 160
extendi ng downwardly fromthe center of the push stage 143 passes through a
slide bush 147 located at the center qgf the guide sta 141 to all ow the
push rod 150 @ SWel @Ay &deanrdadpheriPman 'c8%F§@tgﬁ@héeEbE@PdEﬂﬁoﬁf t he

spline shaft 142, The push ,stage 143 is vertically no 10. b he air
ol nder MHSERH Lg% NP Lo Bns s, 3ot ng Hant B e B BB b Ee B e o1

101 is loaded on the top rin 2L. Conpressiagn rings.159.are provided at
the periph Jr%tfl‘%oFPf’Bﬁng‘Fst Iifg é?fshsngg%ei4§9 eeesg%bc??%lbﬂé)tﬁpd‘é%k%ES are
provi ded a he te 5 circ enti al, port f gui.de 141
Bach of tnidop M aet TIEHacOk tns”chubPhd L PiE. e ShAERAAC,
220 seryes 1 i r fithe I I ng
(retai&%r %?ﬁﬁ?ig@%?a%%d§§$é}#€§&gﬁ%§%§}§§%%%§grggsgggﬁggsﬁ%%o??g%gﬁt?%n for
centering gggd supporting the 20 sem conductor wafer 101. A taper surface
having an angle of 25 to 35 fromthe perpendicular is forned at the upper
step 220 for guiding whElQuiKte Fdvds3@l deldca beperednsyr taaRphayi BBean
angle of 10 to 20 fromthe perpendicular is forned at the | ower step 221
for gui di ngemieorsdngwnndugdfer 251 0f ertidl. gibered hefseni cbadpinigpr whéer
101 is unloaded fromthe top ring, the top ring guides 148 receive the

peri pher al sexdimomdudtre: semfeonilict and waheroundligly deredceileerds® imay i ked to
the gui de stage 141 43 4 i~ ,"",~~~~JB to prevent water fromentering

t he cel r atlepaned obyt hdregutlkandinggel iitidankp t prgvénfe the gemdeosdagkor4l so
that the guide stage 141 is returned to its original positiqQn., A center

sl eeve 154waERmt bl | Feembeimg: Kongamdeated e mebars fihagdwidlscppkagkaring
case 151 for centering the guide séage 141. The pusher is fixed to a notor
housi ng 10%N¢ nS&M%F ‘¥§ﬁFh%a§EEt? h*through the bearing case 151. A v-ring
155 is used to preveng-%@t r.fron1ent§ri g bet ween t@g push .st age 14§ and
the guide stage 141, BH# h8s*8 fo Y et Frotomeet Rttt Wey 3ﬁng Stage
L4l o preyepi vat ep, L1 ompassifig Lhgr soRT RUgD- (N0eBhDCOUL AR, 5L A0EN4AL 1S
el evat ed, e vol une of “a portion I nCfeases, thus [owering e pressure

to th b bej
o thefe yhgggavaeéﬁiofgtggglgggef b9, PLEYENbeVakBE L O DETRY 5 pVEy bBE

v-ring 155 Ined in an 15 inner side thereof to prevent

the pressuggmbprosadeig shawer efleo A shoclpiabsagbes IRbnidoruetogdedyhoer
positioning of the top ring guides 148 in a vertical direction and for

shockabsor bhégesheand hant aprr cp@igdedess148oeonigEing hanfiopowening2thel n
each of the air cylinders 145 and 146, upper and 20 lower |imt sensors are
provi ded f staget2€di nFheheiposyllindenf26heaplistter stage 260t acel cdupdedi on.
That is, sensors 203 and 204 are provided on the air cylinder 145, and
sensors 20BY aadsPabt a2 &2 priviahddd yertheadly RoYaipkrr . skagpedff nBanozzl e
or nozzles for cleaning the pusher are provided to prevent the 25 slurry
attached tBh¥eR pEYRARPTE r PR AR k3 ngisRes&ani @bnddREBLaRAY er @@L ensor

for confirnigg t%xgpresence or. absence gf ihe seniﬁonductor mafgr gn t he
pusher may BESHYAT ded® TRe EHTEIBECEPNFARLai ALEGFFR Y s2895 §KGSR48 4r e
radially outwardly. The three support portions 263 are
arranged in the angularly equal intervals so that the
semiconductor wafer having an orientation flat can be held and
25 are reliably transported. The three support portions 263 are
disposed at positions where they are not aligned with the pins
231 for chucking the semiconductor wafer in the reversing

device 28L. That is, the £first peripheral edge of the
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44 per,,-i ).finS ~' .1~ ~~JV~ performed by doubl e sol enoid val ves; 4 I'47 ;003
respectively. Next, the operation of the pusher having the above structure
wi |l be described below. 1) Loading a sem conductor wafer 5 As shown in
FIG 12A, the sem conductor wafer 101 is transported to a position above
the pusher 30 by the rotary transporter 27L. When the top ring 32 is

| ocat ed |ns%m%%ﬁﬁﬁ¢@)%%SW¥g %%BgethEh%UEHBF éélaﬁﬂeﬁoé§tn89rﬁﬁﬁﬂoﬁﬁe

sen1conductor waf er, sho in Fl 12B, the push sta 143 10 i i sed
oy ool ey Eha SeeoRd BontinaThl (e 8 SO G CEp T et reheLinoe

143 is d by_th 203 h LG _12C. the guid
141 and'thEY comSor IR Seo BRI 00 wiPA (e BUA o8’ SFabe 22k1 arthd afebtt by

Stage 141 PHBREEE %%5&%“%3%%%# A ﬁ%fe*biri.l b5 Byt e gifor “End®
{ranspart ef 2lbeo okfiind | (B ddiSRILOONGNG! o veler 0L Lo £oRLE1Ed DY

the taper SUrfaces op ring gul des ern sarface

except per er tign t Jgggpu r r y sh

stage 143. t% 0 ggrén concfmcyt o?ﬁaﬁﬁgg 1 ?Zﬂheﬁ%f réipgﬁ%h@s?gBEOQHB at
portions exgepicddr £bbe s ?bEE?ﬁﬁ tRd9eehiebrhct YW LeréPeLREsEoS] agR4 143
hol ds t he sem conduct or wa , the top ring guides 148 are rai sed w t hout

bei ng st oppegpedtiivé heapeirdestitfigrailektefdingd Madibleyt apeiwatallur dages
208 of the top ring guides 148. The center of the
upwardly from the support surfaces for centering the
10 semiconductor wafer when the semiconductor wafer is placed on
the support surfaces.

The wafer support surfaces of the stage 260 is
raised by actuation of the air cylinder 261 to a position
where the semiconductor wafer is held by the reversing device

15 28L. A stopper 264 having a shock absorbing function is
provided to stop raising of the stage 260. When a stopper
base 265 fixed to the shaft 262 contacts the stopper 264,
further actuation of the air cylinder 261 is stopped, and the
lifting of the stage 260 fixed to the shaft 262 is

20 simultaneously stopped. By adjusting the location of the
stopper 264, the 1lifting height of the stage 260 can be
adjusted to a transfer position of the semiconductor wafer
between the lifter 29L and the reversing device 28L. Sensors
266 and 267 are provided on the air cylinder 261 to detect

25 completion of lifting and lowering of the air cylinder 261,
respectively.

Next, the operation of the lifter having the above

structure will be described. The lifter 29L constitutes a
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top ring guides 148 is aligned with the center of the top ring 32 by.4hewwﬂ5
i near way 149 novable in X and Y directions, and the upper steps 220 of" "
the top ring guides 148 contact the 45 4 ( ~ ~ .~ ~~i lower surface of
the guide ring 301 and lifting of the guide stage 141 is stopped. Wen the

t 20 of the t [ .qui d 148 tact the | . f f th
gui de ring"36E CHENGhRde WUYEM 0T SCFPISHPLIARY sthBt SERISERCRRGRbre.

Ho , the_ai i nd 4 ' b d il,th

Fixed 1o NEePby BFCVRETL 1ie, HRlRnt TR Bsiell< ke elfoi ShboorBbRCTss,
d h | i h : ' ' tk

Compr ossi o kPP AE- 96,278 Somble, SEREORERNEF  \BekE L EF BGERIGN EE, s

raised. Aty Pbhselli@y SO tiankkC: Lobht 136 tﬁfr‘es%eerg_tr%gferyiﬁghQEQE?E[‘ﬁe

sem conductor wafer 101 at portions except for t i pheral éedge o

sem congluch gy, waigerdfiteANdihé ABERVESRAE S QR LMLt pEvapdsd BPlehg the
top ring 32L. After the sem conductor wafer 15 101 contacts the top ring

32L, the | kEvengisgrakei®é LBE 8br ceMbbndepat4brhs sabgacbeqthy¥ kheface
conpression springs 159 to thereby protect the sem conductor wafer 101.

After the baApwhiochy S2hiconphet®s ddacdl tisacidraed)f dihahzesendiadunduotowaf er
101, the pusher starts to be operated 20 and the gui de stage 141 and the
push stagewdfi8rate |fower etbwnwatrde pdbet istiageh@&® iof RiKe LRfFterh29Lt he
guide stage 141 is lowered, the guide stage 141 is centered by the taper
portion forabdedntowarguitie siemicondsgtand wakert dipdd peir t tha Trevesding t he
center sleeve 154, \Wen the |lowering of the guide stage 25 141 is

conpl et®d, deWécepépht fBA &F EhePPeAdAREd ateHy R&HMo Semigeneuciter

I . 2 I i i Th i f 101
compl et od. 21 Ul ogdlng. 2S¢l eONTHEk oL RISLa TES BRD' SRRUUGLONaNE" 551 10

detects the stop of the lifter 29L at a position where the
stage 260 is 1located immediately below the semiconductor
wafer, the reversing device 28L releases the semiconductor
15 wafer by opening the arms 230 and the semiconductor wafer is
placed on the stage 260 of the lifter 29L. Thereafter, the
lifter 29L is lowered while holding the semiconductor wafer
thereon. While the semiconductor wafer is lowered by the
lifter 29L, the semiconductor wafer is transferred to the
20 rotary transporter 27L. At this time, the semiconductor wafer
is placed on the pins of the rotary transporter 27L. After
the semiconductor wafer 1is transferred +to the rotary
transporter 27L, the lifter 29L continues to be operated to
lower the stage 260, and then is stopped when the stage 260 is

25 lowered by the stroke of the air cylinder 261.
The semiconductor wafer which has been polished is
transferred from the rotary transporter 27L to the reversing

device 28L by the 1lifter 29L. That is, the semiconductor
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4 L~ ~ .; ~1~=J top ring 32L to a wafer unload position |ocated above },em}
pusher 30. Wen the wafer unload stage of the rotary transporter 27L i&' "t
| ocat ed above the pusher 30 and does not hold the sem conductor wafer, the

gui de stage 141 and the 5 conponents associated with the guide stage 141
are raised by the. air | i nder 146, .apd.the quide ring.301 o he ring
32L is gui Hggeﬁy Wght;% egegﬁrPgééEH‘ESs 151 rt?élstp(%tgfingjygu{:hesrfglggyThe
center of Lng ides, 148 | li.g i the t of ,the t Qp
ing a2 by EReBPrielre fh EE a0 Basi o aBiud e D860 L AL BT ng
gui des 148, cgpat agt .t I Iz 0S W fs Fde .ri ] REting
of the gui Bgﬁ{gf agéel %aiggm?tGSplggdiq’%hgl;t%?c%PPngesr l.%%g%%%l_n??ﬂ‘&ggg%%h%e
act uat ed Ugkh byt RReSLARREY tixGLhALdN 700 Hlerkhe iRl oCYlon?dZhoddOpar
contacts the shock absorber 156." However, since 15 the upper steps 220 of

the topsriREeOWiedEeohABcEOP! daket NB1hEVET cAUhBC@oRArhe rankE8rtéPg2381 to
cause the guide stage 141 to be fiXxed at this position, the air cylinder

146 pushesigheoshtbacashaht p4ditoaet heediddelyhapave elki sdageldboagai nst
urging force of the conpression spring 152, thus 20 lifting the push stage
143. At thichet Lifteas29hoandi thél fovdént tdie ghes sestiagpmdiédBorswaberr assed
to a position higher than the wafer holding portion of the | ower steps 221
of the topstbpgedui the s#8ge| 260 hv S Embobi it 29 hestairtscybi beéeraisgsdi s
arranged to be further actuated after the top ring guides 25 148 contact

t he gui de Fhag s3epe Thel sRéckher tiften | ARL| seapivedetihBy aemicopAnR§oT52.
After the lifting actuation of the air cylinder 146 is conpleted, the

sen cohducafernfferm g srotary deF anshatues 27 while  the - staggy 269 ifng

32L. At this_tinme, the sem conductor wafer 101 is centered by the.l ower
taper ed s u_hfl%@lg‘? gmerTHEos Aggh 60 ?%s?f;%ﬁdlf{%f ﬁZE&HlirBPSF .
waf er i el d | e |lowey ste e top ri . e
peri pher al t g&gcejllo%/t%cﬂ'e szgtni J(é:%lﬁs(’jugf%‘rg’ Wi ér r‘ftﬁ?sﬁ?? e@ngéésgﬁchggég%t or

waf er 101 is,.h : , tar, 0 0 a t ower
t he gui de Isf?gggh%ﬁ?ém%\%igpg&t;ﬁ% g"\tljélécllir %}g{cﬁf isét%]t%v\é:?lg& Q?‘%eggﬂlsd?gt age

141 is cenpeeedpbhetin® o) Wedersdde ol Sdr A nigh & hee eii conelveoSdhatibi | e
the guide stage 10 141 is |lowered, the sem conductor wafer 101 is
transfesr edher ad fdiengusliertidd temibendotesy twadespard estdppedWwn the

| owering of the guide stage 141 is conpleted, the operation of the

unl oadi ng pbstihiosewhenadtire ovemiafoerduictocowpfet ells hmciorahtred liyo aflignpdsher
having the structure shown 15 in FIG 11 and FIGS. 12A through 12E, since
t he pusher wdghh&dea wasfrrer hokding haroeves opf ctheepiing 23 men nthenponent s
of the pusher with respect to the top ring 32L, adjustnent, of the,

posi ti onal 2P8F at TRsFIPP RSP Rt Ad EhdBHPE 3N REAIR 48 11 FGe32EEE8R be

easily perggingg.dgbchéét$§l ﬁgrggg%a%fZ%gepngihed on the air cylinder

20 261, and the detecting signal by the sensor 266 is sent to a

controller of the polishing apparatus to allow the controller
to recognize the completion of lifting of the stage 260. When
the controller of the polishing apparatus receives the
detecting signal, the reversing device 28L is operated to
25 close the arms 230. By this operation, the semiconductor
wafer is held by the reversing device 28L. After it is
confirmed that the semiconductor wafer is held by the

reversing device 28L, the stage 260 of the 1lifter 29L is
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20 stage 143 is set to a position higher than the |ower surface of the to
ring 32L by about 2 mm and thus positioning in a vertical directi on ddn L’E]é
easily perfornmed. At this tinme, the shock of contact in the verti cal
direction can be absorbed by the spring. 25 Next, the first polishing table
and an opt hcal s&nsor for nonitoring the polished state of the

seni conduct8Feh&fer will be described in detail. FIG 13 is a schematic
- ti I i i ~ =~ ~—~3 1 L { f h
T Tet poli Shing tapl ot o688 ha, S0 show ieng rdbailf PHAMGRNEED, b
i shi I 4L t h 3
ol i shi ng ToBT coaat i Tihe o bF, (B8 OPR-P' Lratalhedt aniaceY 2°
optical sepsQfeaddal egbesklathdiidne PeldwhbRrg érfebl ?o@ﬂat/ U}.%n%@&%ak.
er 57 awre 59

sensor 55 1s electrically connected to a control

extendifg rheowghat-he tRahkpbl-fsrd aphe 344, 28r' ALREY tRENBAREO St takbD
ring) 56 nounted on an end of a polishing table 10 support shaft. The

control | er ahd heneenvatyeadhko ratdirgphannepbitdS. 2L Gvild bs Aeplaibrbew of
t he polishing apparatus shown in FIG 13. As shown in FIG 14, the optical

sensor 55 As phewhi diredFBES as9t andadd,t hlmuglotdry cerdessorB0f 2Thefab
sem conduct or wafers 101 held by all of the top rings 32L while the

sem conductoanspbrtind 0the e sepiiegndobighedyaidien 1te pelsi sifiong t abifer34L
rotates about its own axis CT. Wiile the optical sensor 55 passes al ong an
arcuat e pathppertathagae 3tfi ebnangudarinfeqsalointerwalsto£a0sensandss
continuously 20 detects_the thickness of an insulating |ayer such as a
copperl? ay8RcBr ofhdheni ERHes¥EPr aSUBRATEt FEaIPay el 0 oRaghes WenPiomdalior

waf er 101. The . optical sensor 55 conprises. a light-emtting elenent and a
|i ght - det eEERRAGT ‘FeﬂﬁnﬁﬁeTﬁgafJFgl“rP-rg%utptpPﬁalﬁg gg@nﬁﬁf“lﬁﬁﬁgll‘é%oﬁ YREeEo the

purlece,  DSLGIROLLEIES: e BonPSBLSODENC Moty WA iBrseg o g,

l'i ght - det ect’i NG e?enpn detects 7ée _ omt (
20'4'95*190'1 9babPerREll GANAHC RN AT €his TBRLLASEAEM e AT £l ITENYL 0§ OHRE! Ses
provided for supporting both of the semiconductor wafer having
15 an orientation flat and the semiconductor wafer having a
notch. A taper surface 202 having a taper angle of 15° to
25° from the perpendicular is formed at the forward end
portion of the pin 201 to allow the semiconductor wafer to be
centered when the semiconductor wafer is transferred.
20 The wafer detecting sensors 200 are provided at
positions spaced from the rotary transporter 27L. The sensor
200 is a photosensor comprising a light-emitting element 200a
and a light-receiving element 200b, and is not moved with the
stages of the rotary transporter 27L. The semiconductor wafer
25 to be processed and the semiconductor wafer which has been
processed are placed on each of the stages.

Rinsing nozzles 501, 502, 503 and 504 for supplying

a cleaning liquid to the semiconductor wafer are provided
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4 (v .',;; "i!~3 laser beam source or an LED. In the optical Sensor 95, a3
portion of the light applied fromthe light-emtting element to the e
surface, being polished, of the sem conductor wafer passes through an
uppernost |ayer such as a conductive layer 5 or an insulating layer and is
reflected fromthe surface of an underl ayer un t he, uppernost l.ayer.
Ther of or e, 2PRES| PENPHLYRCHI D Ao AE ABVREESE olh THb T GHE PRFEEERH by

t he uppermpst | gyer and.the |ight reflected b he erl.ayer. A _de ted

i gnal 11 oRPeRER) EGRE GhFeGOITRd Vel EABBOF Eohr Slbesedito BySihe SSREPEE or
57 to detegt,t L, cknes f. the u r t y. t C I ve
| ayer or t%éliEguﬁgéigﬂglé5é§lgﬁé? ragelggahﬁéﬁpf§$é¥%§“i¥;hbﬁgg %%ggg%écting

the i ck8§3e0ka@0; | 65111 094 AT 0hath0p Oed s I Kfredlingy TEGALL.C

| ayer 15 of "copper “or “alum num by the optical sensor
descri bed. AT@%pQ&'!a:EBE'mS?@ QL 38iRqHELRY ohh%ntelfl!re%a§§s t2bnkpsrtayen 7By shhe

optical sensor utilizes the interference of |ight Caused by the top | ayer

and a nedi 4g ad AePalrake the WRFe20 supyekt ¥hageki gt ifgomPBhee@dn@hart hin
| ayer on a substrate, a part of the light is reflected fromthe surface of

the thin | @ger piadenting rewai silogrpardr othé helkaghhgi dilgudds nigédd £olrr ough
the thin layer. A part of the transmtted light is then reflected fromthe

surface of cllkaninderthayeerdcondaecfbr swaferabe, the |twog heingemiiromnipepagt of

the transmtted light is transmtted through the underlayer or the

substrat e. skatthiredcaseundherTheherabadar Itapaspostaudd’bf ia geurnledt he ki ght

10 servomotor 511, and the semiconductor wafers on the rotary
transporter 27L are transported by energizing the servomotor
511. A home position sensor 206 is provided on the lower
portion of the rotary transporter 27L, and positioning of the
wafer transfer position is controlled by the home position

15 sensor 206 and the servomotor 511. The transfer positions
which can be positioned are four positions at angular
intervals of 90° with respect to the home position as a
center.

Next, the operation of the rotary transporter 27L

20 having the above structure will be described. FIG. 9 shows
the home position of the rotary transporter 27L. The rotary
transporter 27L is rotated counterclockwise, and the stage 210
is located above the lifter 29. The rotary transporter 27R is
rotated clockwise, and the stage 210 is located above the

25 lifter 29.

The semiconductor wafer 101 to be transferred to
the top ring 32L is transferred to the reversing device 28L by

the transfer robot 20. The semiconductor wafer 101 is held by
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is absorbed in the underlayer. The phase difference between 50 (R O RANVIHE!
o, ~~I~".~S L~J the light reflected fromthe surface of the thin |ayer
and the light reflected fromthe surface of the underlayer or the substrate
creates the interference. Wien the phases of the two lights are identical

t h other, the |ight .int [ [ [ d, while wh th h f
(0 c2ch ot et e, LAAKl NSRS |58 LIRLE SRS AL e, 0 BAECS ©
d d. Th i th flecti i nt it i it h I h of
decteased. Thfhel foud 1 ) 155K BEETSLiL G St Rk epISUEL D

Tl VA BELFE B o e e,
plens 1y ghekel 0 o | albrLa’ sgpchysauglenat b obgl vt byEaRUEe (he

l'i ght - gm t1ipgy-190€! %@E%ntt%rteaebizurgﬁceéapet}e@l&ﬂ@eissw & &?\?Jphﬁ@e

sem conduct or wafers he by the respective top rings 32L one a

anot her, eggh &hNenhé NPa Y IsippRet! dhge 3410 MBks YINR-JE\WAl ¥he08hoaldethe

light reflected by the surfaces, being polished, of the sem conductor
wafers is pecehsegihy bbe. 20nftghtthletsatiicvnhdecesentvardhelbl ghs peaekded by
the lightdetecting elenent is processed by the controller 57 to detect the
t hi ckness of the lpdywsr 201 ,t hthes uk i ftoer OINgoquod dratesd. tdlhes ebpecatédieto

t hi cknesses of the insulating |ayers or the netallic |layers forned on the
seni conductauseatke sstidfe 2% hedlod bey lavered wmieil ofphe istgge3260cdnebenot
detected, as continuous neasurenents on a real-tinme basis, along a

pr edet’} ni hetepiere extdhdihgy Hatemyt keanspertey rélinfeaieanthen shgerebartie
center of each of the sem conductor wafers by the 51 -4 (55,0, = ,.,5
optical sehEBRSBOrtaRHys27Lhe thi ckREAERS: of t NSLRSFIEREN ng thf er EO6RTY he

oLl 1 | Yehaon et ot UIe S oniuel ot el STs. can e oniLored gl ot
detect 19, 40 5 L1 Las! Noh Tl RSt ASALCoRgic o valer D3R, pen
Lo o PR e SB Lty DRECTRCEERD S0 o ABEelo
Sensorfs 55,88YtPSning of the rotary transporter 27L is completed, the
pusher 30L is operated to be raised, and the semiconductor
wafer 101 is transferred to the top ring 32L located above the
rotary transporter 27L.
The semiconductor wafer 101 which has been polished
20 by the top ring 32L is transferred to the wafer support stage
210 of the rotary transporter 27L located in advance below the
top ring 32L by the pusher 30L. The semiconductor wafer 101
which has been received by the pusher 30L from the top ring
32L is placed on the shoulders of the pins 201 while the
25 semiconductor wafer 101 is centered by the taper surfaces 202
of the pins 201. The semiconductor wafer 101 is placed on the

wafer support stage 210, and the pusher 30L is lowered until

the pusher 30L does not interfere with the rotary transporter
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10 added as indicated by an imaginary line in FIG 14, so that at |east \'wWw3ll]
sensors are provided in the polishing table. Further, an eddy-current

sensor or the |ike my be provided to detect the thicknesses of the

sem conductor wafers, in addition to the optical sensor, whereby the

eddy-current _15 sensor and the optical sensor may be sel ected dependi ng on
t he nmeasur PA§:r afGe ofthefe R knESEAHY tﬁéap%9%¥£%ﬁ thel ki A8 offIAFEF t o

be neasured. In this npanner, the end pojnt of t CMP process can b
det ect ed i AOBSEKC ?ckﬂés%enpgondﬂbto@ﬁéiﬁewgfhe3®°by't tH@sFE%%%ctggg top

el or i n WAEBHCORRSGHAE polAESE! CHE CRPOEF octB8 nddtheln ddbect od AT
waf er in po oc n cte e

t i nated. Ther ef : di to th t i ti h

pol  shi ng. BRBAFAPUEFS SRudHh TErTY. HELARe Bl 1 Lhi bt 25" RBBRPAC LS ni ch
can pol s 13 cRLUr 3l ¥; Of - SEOLLODGUELEE VBT EhS SMULbATEOLSE YvaklE 909
point o t%e process 1n a 0 e senm conductor warers during

pol'i shi ng ?:'@'meetﬁét eghedr TEH? ol Sfadde sap capdualpr Makrecanple
uni formy polished 52 1" w Rout any 1rregularities in the polished

state. In tBnSceA88ctbt Watdr LA %@P theNgevdets 1oy didib dehegsgm conduct or
wafer in which the end point of the CMP process has been detected is

rai sed, then an of fseritoadii saagplrred.t 02 ttheopghi shEnghbablae pidhetrq
cause the polishing table 34L to be inclined. For exanple, in FIGS. 13 and
14, if theaeddmai.ntllofid he @AMt jadcesogssseetdonedl vihewhefsdhec pushetror
wafer held by the second top ring and the second top ring is raised as it
i's, the0| ocatdafdiGSed 123 tiherquahi UAENQreabitievwds I fdyy etplaiedagd op@raddoni ng
is lost, and hence the offset load is applied to the golishin table 34L to
cause the Pdli §RengPeslpe- 34LThe bRushRY i idd: Poft hdPR dhaje SRMEhe

t [ [ ted th | 36L, whi i S, i ngl L t
body. 1t hor 8 CFECRUERECPR | R3] FAILA RESCRRONEE] Gl R Se8cPAEFRnod by 15
the offset |oad. Theref in.th t_i [ | | 4. f
he top rings 321 finfeneRBrhaPrgtOpet ot i dro L vivhas 1 et Aedaipy ©

d th f I : ' , At |
Laken: whotaBol T ha parat Pon 1t oPROr: & o ki Badh TR LR, e

to the;20 gemipandHater 1Waf €5 pSodeled Oid Ok Ash Idie dHASSING .f onCeuaRP! i ed
to the retainer ring is left as it is; or the pressing force appliéd to the

retainer risRgges 1dmnged provided andvessiny) §PILge aghhotbasequal ahoatife
pressing force applied to the wafer during polishing plus the pressing
force appl cgdinde25 1d%e iet oneledi g dthe ngppohesishagt Ned , thheughechani sm
of the top ring which can apply the above retainer load wll be described
bel ow. flexible joint 144. Two air cylinders are disposed vertically
in series. The lower air cylinder 146 serves to 1lift and
20 lower the guide stage 141 and the push stage 143, and lifts
and lowers the hollow shaft 140 together with the air cylinder
145. The air cylinder 145 serves to lift and lower the push
stage 143.
A linear way 149 movable in directions of an X-axis
25 and a Y-axis is provided to allow the top ring guide 148 to
have an alignment mechanism. The guide stage 141 is fixed to

the linear way 149, and the linear way 149 is fixed to the

hollow shaft 140. The hollow shaft 140 is held by a bearing
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FIG 15 is a schematic cross-sectional view show ng 53 t he construct [40N;i4
of the top ring of the present invention. As shown in FIG 15, the top ring
32L (or 32R) conprises a top ring body 80, and a holding plate 81 for

hol di ng a wor kpi ece, to be polished, such as a sem conductor wafer 101. A

chanber 5 Cis defined between the taop riqﬂﬂfody 80 and the holding plate
81, and isCé8RnddledthErugh | & &ld6er dwsdy oughhg s&goker &f Rhe pgir

el astic pad 83 qf polyurethane or, the like i ttached to_the | ower surface
of the hol &wignﬁﬁaté4§1.lsAtFePam$ede iRy fﬁzﬁﬁwgtwn af1 148 thaPHPRgat he
sem conductor 10 wafer 101 onlé e lower surface, i.e. the wafer hol ding
surface 815°BPrERETHABI WY DI 81 is disposed around the outer peripheral

portion of the top ri 32L., A flui ressur 5 conpri sing _an, annul ar
tube is provided bet w@gﬁ Pﬁ%hrsé?aa?englrﬁr My Qgigggda R IS AT S35 29Fhe

fluid es e 5 t Lhe £1 1 r 2 r

re;LIaB%r Egﬁ’A%%glgg ﬂ%ﬁgﬁggfgngﬁLé%%éﬂagﬂ% qégﬁwgéagypgﬁpghth %%g?ﬁg40
ttached t [ [ d I ' idal olqigshi th 40
onat 1t Ut S a o) PRI me aae 2ea Bhreh i S hrini s (eRg 142 thh

the sem copgueher cupter dPLrd dwiad @Q@géy 100! £8ha Now hehes YPHsHORBHCLGD
wafer 101. The top ring 32L is connected to a top ring shaft 46 through a

bal | 86. The fep démgralt He isufonnalt Bsh t @ovtddts deis coppee éxdi pder 49
fixedly nounted on a top ring head 45. The fluid pressure cylinder 49
serves as &heaepldher shaft25420vi Nge tiesH optagendldR Lisv ardritdehllyly apgeds
connected to the fluid source 82 through a regulator R3. In the above
structl@ e, by theppliyi eylangessidbi thrdoddhii thes iaphl iz shadipld@sedoaithato t he
fluid pressure cylinder 54 )
the semiconductor wafer 101 is loaded on the top ring 32L.
Compression springs 159 are provided at the peripheral portion
of the push stage 143.
Three top ring guides 148 are provided at the outer
15 circumferential portion of the guide stage 141. Each of the
top ring guides 148 has a two-step structure, the upper step
220 serves as a contact portion with the lower surface of the
guide ring (retainer ring) 301, and the lower step 221 serves
as a support portion for centering and supporting the
20 semiconductor wafer 101. A taper surface having an angle of
25° to 35° from the perpendicular is formed at the upper step
220 for guiding the guide ring 301, and a tapered surface
having an angle of 10° to 20° from the perpendicular is
formed at the lower step 221 for guiding the semiconductor
25 wafer 101. When the semiconductor wafer 101 is unloaded from
the top ring, the top ring guides 148 receive the peripheral

edge of the semiconductor wafer.

A guide sleeve 153 is fixed to the guide stage 141
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~1- ~r ~~~=;,; G~~~ 49 fromthe fluid source 82, the top ring 32l |4/ )3
presses the sem conductor wafer 101 to be polished against the polishing
cloth 40 on the polishing table 34L under a certain pressing force F1 for
t her eby polishing the sem conductor wafer 101. 5 The pressing force F1 is
variable b rggulatln the regulator R3. FIG 16 i a sc tic view

c

showi ng t he® ?Y%ﬁ?a??%%rofrIheeQE?EﬁnQKﬁQﬁrﬁF%ﬁﬁ? ft?ﬁegﬁb@ﬁlng
| ate 81. 6, the h 0 d
Promthe cEheér 14 srdihe %{siée?“gﬁﬁl e AR TIE e Lot
t h f th f | dj f Ln.FLG 16, I
[ ong and SHEPIS adan 11he Shafhdt R RHLT PR  WeTHRR at & REPESHG
serpace medsvd! pha 14edlP SN 1600 cHR0RIABSUILEOE HEY! ! 21 auaPLyod O

15 the cha e poli'shi'ng pressu Pe’T's not applted to't

hol di ng; Suflflélcﬁegﬂ‘f'n% %éfsucﬁiS?ngcbﬁté‘Pln&’e’Eﬁé’raﬁﬂde Ds'ﬁé Pl i shipg,

when a pressurized f as a conpressed air~is supplied to the

chanber C feomet hadf | digdegowCea8notidie WBhEIndol1BIaNgiguUrdRCepBiasRinghe
hol ding plate 20 81 is curved by a pressing force of the pressurized fluid

in a convexesHipe tHrcughowheabdadingCtasd 1B .shown by the curve "a" in FIG
16. That is, the wafer hol ding surface 8la defines a convex spherical

surface. In this condatv-amnndg N&5cast nakdpos tprevearft tWatexefiroanduttolingaf er
101 is pressed by the 25 downwardly convex holding plate 81 against the
pol i shi ng kétréerOther pugh essagee Highaed tthenguhide appbeedid bnt andheasuser
circunferenti al ortlon thereof. Thus, if the amount of a material renoved
from tiHe obirrhe cBﬂﬁ@@@ﬁﬁqﬁﬂWkkhtﬁhﬁ1QﬁlQ?hétﬁse 14l jto~-prpvent water

sem conductor wafer 101 is |arger than the ampunt of mat eri al _renoved
from the cERPTalPasttiidontBereHr Qigh condidhr thEr eFU48e, F5R4R f iléilents

polishing action éhe ce tral _portion of the.sem cond E r_can be

Correct od BEEYAtREY | HFRVabEE nafi BnPBrtEnR or'L&Fﬁaaﬁ?ate Bis c3nEEa5RE (he
[ t.h h I d

P?gﬁffﬂézcg%% é&g &fééﬁgo r%%ysg%ggohé ?or ma Q%e f% ng%arégrw?ﬁggvfhe

anount of fr&ﬁ‘tﬁéix\?;éf EEARYeLd YDA 18s0uber Ch[:‘iH”fzg? BLEghedOLki g Of

t he sem conduct or e regul ator I's contr to re uce the

pressuie oink8f PIESHHdrERE kbupPesunpl Ligd ﬁrré%@utr@ef‘}:bhl' 9e§92?'r28we8€ed9 the
chanber C or to stop the supply of the pressurized fluid to the chanber C

t hereby making the wef eshdud dibzorperf ase 84 apdvilded Forhebditdopliaec8l in
the formof curve "b" or "c" shown in FIG 16. Therefore, the polishing
pressure appéieop toindencelesr A4 8pdnt eonentiddile dirdotddueandr foaf shodR3 i s
decreased and the polishing pressure applied to the outer circunferential
portion ofabserkimg ceneuctbe waberipgl dusdes 148 contact the top ring

32L. In each of the air cylinders 145 and 146, upper and
20 lower limit sensors are provided for detecting the position of
the pusher in a vertical direction. That is, sensors 203 and
204 are provided on the air cylinder 145, and sensors 205 and
206 are provided on the air cylinder 146. A cleaning nozzle
or nozzles for cleaning the pusher are provided to prevent the
25 slurry attached to the pusher from contaminating the
semiconductor wafer. A sensor for confirming the presence or
absence of the semiconductor wafer on the pusher may be

provided. The control of the air cylinders 145 and 146 are
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20 increased, in conparison with the condition caused by the curve "a&' " j104
Thus, insufficient polishing action at the outer circunferential portion of
t he sem conductor wafer can be corrected, and the entire surface of the
sem conductor wafer 101 can be uniformy polished. 25 Wien the supply of

the pressurized flyid tgo the chanber, Cis stopped, the wafer hol ding
sur f ace 81EeF§°EﬂFaeHYd%%“$i?z§ﬂ$ﬂWQ§ﬁiH@iH?%ss{ﬁ§P§9¥%¥%¥ﬁ'ghtIy convex

h [ d di [ hown, by t "c". That is, t 56
e A RS et eNeRbr dFRS SBFTEEB I8 e ST SAVATE SHherPEuR
surface. If it 1s_desi l e to caus he wafer hol ding surface 8la of the
hglding p|3F3ugﬁuF§ géiggb%ué&ﬁ%ﬁ%éeﬁnggiﬁwgher degr;egth;n the condition
shown by tgin%gsﬁgnéc" sd e SRS $ﬁ¥%¥ be 5 evacuated by the fluid

a’ . .
source 82 C rrsing a vacuum punp. € Shape or configuration of the wafer

hol di ngssurface 8la cag ReoRI¢ndewrarday, %%V%nﬁ%gﬂ‘dﬁé}:égr‘gaif%? 101

surface) or upwardly convex (concave spherical surface) o

devel opi ng iBO%k-hh¥BoPEEE St €a (FULISHNE abodBeEnt hgRs AP ithel oRE@GSUr €)
or negative pressure (pressure |ower than atnospheric pressure) in the
chanmber C. tthaspoteer hpydi nginew fthee t8parahgt B2 hel thdrkdd alre Bl caannke
deforned in a desired shape by selecting material and thickness of the

hol di ng pl abei8ionPr ebereed timet erguahert 0 e saidctdoked orndtie hblHol dheg
plate are, in consideration of the environnments in which the polishing
appar at us semisedducber ovaber r 633 sshovn ainl BlGstli2B, niher imalsh, sftageeldapl e,
austenitic stainless steel] (SUS 304, SUS 316, etc.), alumniumtitan, or
resi n hat efBalrasif@d kY pbheprdny | nslers i S . PR8)enr the| gempépbioe| REt one
20 (PEEK). Preferred thickness of the holding plate is, .in consideration of
t he safetyrédﬁFﬂgt°Fh§thﬁEP$oFtﬁﬂ§s§&9eléf ctrdnb¥r ther 8£8E861 ¢03not

than Q.1 , ol f 3 t.0, 8 f bl bout [
Case of audPeltPrE dYhiitesd redie (it s oo otdr e aritacomignts
t hi ck be .sel d_gnith [ f j Ci
V\:h: fentezlii %g’s?g%{:g%ng’il g‘r gtifcl?e?)n‘ﬁt3 %ésg’ft%t yl. 554;1 pgggrl‘fg?s%ét ﬁiiﬁﬁﬂr‘%lctta’%ﬁg t he

shape of theiwaher hebdi ngnhsid faee Slaiofstde 1A hisNGadded,t Rl Slualqaer
ring 301 57 . /[, i~";,",;~ 1 ~I~~ presses the polishing cloth 40 under a
pressing fetageFA41y padppdyi BEréudh eshLr ivaEFer! |ho I isdC hodsi i soNpr egsed air

to the fluid pressure bag 85 fromthe fluid source 82.
rotary transporter 27L. At this time, the semiconductor wafer
101 is centered by the taper surfaces 207 of the top ring
guides 148, and the pattern surface except peripheral portion
of the semiconductor wafer is held by the push stage 143. The
20 semiconductor wafer 101 is held by the push stage 143 at
portions except for the peripheral edge thereof.

While the push stage 143 holds the semiconductor
wafer, the top ring guides 148 are raised without being
stopped, and the guide ring 301 is guided by the taper

25 surfaces 208 of the top ring guides 148. The center of the
top ring guides 148 is aligned with the center of the top ring

32 by the linear way 149 movable in X and Y directions, and

the upper steps 220 of the top ring guides 148 contact the
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In the present invention, the pressing force F1 5 exerted by the top jjng;
32L for pressing the sem conductor wafer 101 agai nst the polishing cloth 40
on the polishing table 34L is variable, and the pressing force F2 for
pressing the retainer ring 301 against the polishing cloth 40 is al so

vari able. These pressing forces F1, F2 are_variahle 10 .i ndependentl|y of
each ot her 1OVR&r Stgtace; pé §$SS§Wﬁaef6988 ﬁg?wﬁp hﬁﬂét&ﬁﬁlpgdtgﬁ @hdde

pol i shi ng ckpth ig b¥ the retainer ring 301 can be changed dependi ng on the
pressing f S8 F1 i 8n° TP D ied by the top ring 32L to press the

sem conductor wafer 1 a4, s i.shibng ¢l retd gally,
if the pressing forcegéﬁgmﬁbghﬁl?é%p%%lpgdagg P%e%%pﬁl&? n%%f)ézrﬁqg%%r ggé t he
sem conduc er k01 agal n poki shkng,.cl ot i qu tq,t

pressi ng ftg%(%ig\g%% v%hljechll S ap%{lffe%% oQJtEth%ol uglh#nghc ot ﬁoﬁb gbetﬁéﬁ'%
retaineg riggqd0n,41then £heedl s4i byt hee ¢hideal lagmBekl ShindgedlrPr &33Ur s,
whi ch resuﬁt F?on]a Egﬂbination of the pregégng Fb?gés F1, FZ? ig
continuous 8rd dini i fraam ddver oRELIEOf bé haceaate@NAHEL OF tWaf &tohYert O
its peripheral edge and further to an outer circunferential edge of 'the
retai ner rifiged0kdligHeosest abpuBHet BErsefleandictiar waheacts1l+hAC@dodkngl y,
the 25 peripheral portion of the sem conductor wafer 101 is prevented from
bei ng pol i shesdreecesSéyehyd dienass rfliycithet kplikeGohaff Al4hraughinlig€ to
schematical |y show how the polishing cloth 40 behaves when the rel ationship
bet ween t héesgraised rbecause pthesicagpfestiorrlspning hd5pr dssignprfressedr?2 i s
varied. In FIG 17A, the pressing force F1 is larger than the pressing
force E§ (mRPsFAhe pyphrshagerpl4i hés pfesthery reisedrl A% Kbas| Fimguakst o

t he pressi%% force F2 (F1=_F2). In FIG 17C, _the Eressing force 5 Fl is

smal ler th OWﬁelBréggrnQEPorEEeFEuﬁhlﬁﬁ?ﬁe.1%% R the Hess.copplcitRrough
17C, wh th i f . F2 l'ied t lishi l oth 40 _by.th
retainer rGR01 s T ooy ECKIe| SAGHHY cECedthE hBePGPREIA hSePet REATRE

d by th t.ai i 301 . ively.,10 ed h
G A Sl R T

the ‘ser coqdiyelon 4aker HAl el GingPa98! eSREUEL Yok UG Wil dd B Tatlr

contact with the peripheral portio t he sem conduct or wa

Ther ef gse, 1(gherdtacts! ahorsp R-iket ween the AHesshgIshebke bE aRd GLhe 15
pressing force F2 is changed in various patterns, the distribution of

pol i shing piyessdees 1% t1e aBEbePsdUBYOrthenf @smpiEs O\ $pSidy | pher &b
portion and inner region is also changed in various patterns. As shown in
FIG 17A, whereblgeppoesst nghd asareidehdustdd wafgerl@bhan the pressing force
F2 (F1>FZ), the polishing pressure applied to the peripheral portion of the
sem conduct or wafer 18ftes thegtept Hangt Bl podmpletes whes anteagpgbhnedft o
the inner region of the sem conductor wafer 101, so that the anmount of a

material r &6y EETRCORARRECHeVREREr B L 2SR IRYBIPOIS kAR Ss & denARErGtedlaf er
101, 32he Sery Lhan Lhganpunt ol o 8! Bl Shyered T e Janee gl o
pol i shed. %%e position shown in FIG. 12A. When the guide stage 141 is
lowered, the guide stage 141 is centered by the taper portion
formed on the guide sleeve 153 and the taper portion formed on
the center sleeve 154, When the lowering of the guide stage
25 141 1is completed, +the operation of the 1loading of the
semiconductor wafer is completed.
2) Unloading a semiconductor wafer

The semiconductor wafer 101 1is transported by the
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As shown in FIG 17B, when the pressing force F1 is substantially equal tp. ..
the pressing force F2 (F1 ~ F2), the distribution of polishing pressur'eﬁ"i’s‘“Ju
continuous and uniformfromthe center of the sem conductor wafer 101 to

its 5 peripheral edge and further to the outer circunferential edge of the
retainer ring 301, sq_that the anpunt of a material renoved fromthe

seni conductS® watRy %35’ i%O uRi MAGRY rerdeate pesibirn aloeatedt ebole itheer

101 while the sem conductor wafer 101 is

oo on o, SR, O e eS|l Becantest o, el Aot
ol MRROR e L S Ea A ol e Beliolog Biasaie spnl
th l'i shi ' the i i f th ' duct
e 2oL SRR BBLL AL Wl o Sfolle S condber
ccne o st ecsemanedusbabetalen 1ot TRLLAL MGl A5, UL

mat eri al renoved fromthe 1 nner region of

the sem corgectgr 18hdd?1 1i4% beino @l i : dgscri bed, above, .
according to therb$§ie#t 20 in&e%?@bﬁ@%fﬂﬁgggi§Q§Hp§§ﬁe3¥tohﬁh °Bppend

surface oppasi tis t guibed wakercho! di r t i pl 81
of the top ring 32?, and, gt this t?‘?rre?dlt ﬁgfﬁ?(g%%u?gso;&t E%l%jlg?% ir;i%%
properly seuédesdlif.t hEhe angeteof @pstﬁéveﬂprﬁiﬁgn ﬁdéguyygifgeagqgﬁgﬁre to
thereby make the shape of the wafer 25 holding surface 8la downwardly
convex or Wakhrdheg cenvexr. of rchditop arimec BRDNbyt BRe sSEMeNNdust auovahey 101
can be_ polished differently by varying the pressing force for pressing the
senicohgucFBP WERET 15keRsyat 9%t of héheoltigphimigne | goided) 248t benbfct Aheut er
circunferential portion and the central portion thereof. In sone cases, the
sem conduct-8Fehaf¥riese of jehe saeidengdngt R8lcamdi tilm 1hétinheofatae

hol di ng surface 8la of e, holding plate 81 is nade flat. 5 In parallel
with the af6v epFéE%%s?H] e® pﬁ»fe%wﬁ f dheedir @ylinder ek4h wontinngs300

di sposed agu 0 j s L is determi.ned on the basis of the pressing
for(F:)e F1 o%gt %%getpi ﬁlgl{%,gé%dst%ﬁgpﬁ’él iq::léFfF g §% HR?f sPHe®intthe ehE

retainer rig9isQdrPigss ol4 shi I Q. u the 10 determ ned
pressi ng fo?cé =5 Th§t8§2? t % %% i% |A§ %ﬁégé%ﬁrbﬁgﬁi't SYEERT cofidliEor

waf er 191 tEepﬁpb@EW@ie?il%desz hes Slﬂﬁeet_%?r Aoy N fldLCla @f cbhE VT 8L

hol di ng surface 8la by uid having positive pressure or negative pre%sure

as wel | aslowershapfacerofctheggaifiecting she EQ|E§H§89tﬁéO%QiéQ QXa%Qe 15
retainer ring 301. Thus, irregularities of the polishing acfion can be

suf ficient1§lcterket bixeddat hehiocadd zeibrgr ene( fadlr @yamaber t1he seated!
portion, the outer circunferential portion) of the sem conductor wafer 101
i s prevent BRef rigthipe nghpbti skl drgetbevelwitdr itheuféiri eytllinde20 Wen the
end point of the CVMP process in the sem conductor wafer held by the top
ring 32L hA9PHYE h&r8irdct EPEC_h&in the FITSBIPLES sipnougbr Iy i 458¢t ethesl, t he

ol ity EHEEHG0 S BRSREERgR 14Tt abAe SBLShyine, as Shows in TIC.
12E, the push stage 143 is not raised to a position higher
than the wafer holding portion of the lower steps 221 of the
top ring guides 148. In this embodiment, the air cylinder 146
is arranged to be further actuated after the top ring guides

25 148 contact the gquide ring 301. The shock at this time is
absorbed by the spring 152.
After the lifting actuation of the air cylinder 146

is completed, the semiconductor wafer 101 is removed from the
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25 the top ring 34L becones zero, and only the pressing force (ret aiﬁ/ie[,;@ 0%
| oad) F2 for pressing the polishing cloth 40 by the retainer ring 301 is'“"
applied. In this case, the pressing force of the retainer (retainer |oad)

is equal to the pressing 61 t ~' '~"~"Il~it ~~r,;~i~~ force F2
which is applied during polishjng, or the pressing force of the retainer is
changed to@ﬁﬁﬂf%?%w%%&ingA?oFbégaglFﬁ'b@héqﬁgmngn?H%t%Feygﬁﬁﬁ 8L césF,

lus th i ng ,f F2. . Thus, .the offset | oad b ted f,
bei ng appl IFE4C87EG te PO | LRITG £ABFECIAETFEPCIARPOnPY hEIR arBls dii L

(o020 el NG 2CO0N, BB SRREOABLEM bhelE TSI Her Iy Ml & °
198 | o o STSREL)SREGK 909 of WHd UG A Gl il Faf A WG gdbi il

19B is a cross-sectronal view taken alon n € second
pol i shi pg es,£3 h ruc hene e
pol i shi ﬁg :eg%:ee%?%%Ihv?aa{é%“gggggg%??%egﬁ%e*ﬂ% scéﬁ%t%% secocﬁoﬂg(ﬁ\‘:loﬁi ng

tabl e 35L hagean rppeksl ange Bgl tok piH&Y, 7BRe Pdnarhaldpushabt pEds2
connected to the upper flange 751 by bolts. A set ring 754 1s supported by

the upper p@eragadotot hewshathe7gaiddr ng% alPear i 16 ZheA dalklee sl%%ﬁi S
|

fixed to the set ring 754, and a 20 polishing table 755 is fixed to the

tabl e 759 Hylbdlst slor@redhecheolgusibieng tiaglel @ 47155 smeenteneti $§ ahg' igudideg
stone (fixed abrasive plate) entirely, or may conprise a plate made of a
cor r osi on- rsdseyeadt3n@ngl theclrentest aildeyss 1Stdeel Wandea thel ighidey stagteh
attached to the plate. In case of using the 25 grinding stone or the

pol i shitfg di4dt his t Rewpbedshithg teeMmicorsimctay twafera 10ht igpperanafieraed or a
slightly convex or concave upper surface. The shape of the upper surface of
t he pol i shiffgm dtiee pushar 3| ket ERedEpEREY n§rERSPAELRT nd 76 t Waeg2 the'

, ~.|; sem gonduct or fer 101 to be palished. The outer dianmeter of the
pol i shing t §1?§5°$§t§%thtp%i?ﬁ%ﬁﬁﬂ%ﬁl HavFREPLRECY afhR Pty of

semi conductgr, Wal b 4PhySof! 8leMG28nbEeR8E BeFapol O o didiger - That s,

According to the pusher having the structure shown
15 in FIG. 11 and FIGS. 12A through 12E, since the pusher 30 has
a centering mechanism for centering the main components of the
pusher with respect to the top ring 32L, adjustment of the
positional relationship between the pusher 30 and the top ring
32L can be easily performed. The lifting stroke of the push
20 stage 143 is set to a position higher than the lower surface
of the top ring 32L by about 2 mm, and thus positioning in a
vertical direction can be easily performed. At this time, the
shock of contact in the vertical direction can be absorbed by

the spring.
25 Next, the first polishing table and an optical
sensor for monitoring the polished state of the semiconductor

wafer will be described in detail.

FIG. 13 is a schematic cross-sectional view showing
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5 polishing table 755 is arranged such a dianmeter that when the pollghhHQMB
tabl e 755 nmakes a translational notion, the sem conductor wafer does not “"
project fromthe outer periphery of the polishing table 755. The

transl ational notion nay be called scroll notion or orbital notion. 10 The

tori 754 has th tin ti 758 i [ nf tial
i rect | on, CARAS ERACESER o5 56h% o LR RR BEP G i BapaBrt PR SFGPOPBHENT58. A
plurality o [pcesses 760, 761 are_ forned at, _positions rrespon [ to the
¢ 8t B “PRETCAD bpFet patis GH LrBgnEnaaPhES aEEy ~E1004E' Biver
gspﬁad??EaL ﬁenber 795 gf angﬁ? PI equah%i tepv S Lﬁaé E'rcugﬁ ren;'a?
i rect i on, tARGS IS RCHET amd 5218, BRRB LR E P H THES SebEed 1hel ang
761. As shg&agégc£1é§ﬁré§i&yui19, a support nenber 766 having two shafts

764 and 76 0SE C axes are spaced by "e" is supported by the
bearin 20 762 and 7 .Eﬁgsgjf3 al t t S ; 64-égg% 6% car
insertgg into the beaggngs 62 %ﬁd:$%%, ?gépgﬁ?iv F&?a hd%, t:% ggligﬁing
table 755 gpkegdéqtimnghatponalninet kanial 9nfl. a ®id Jr kAl B@ndoradsuss” e”
by the notor 750. Further, the center of the shaft 752 is off25 centered by
"e" fromtheesEri®ilDf tdvmnEeted 788. £ krvrerner6757s Ky Xed warkhesghaft
752 for providing a balance to the |oad caused by eccentricity. The supply
of the abreaszterdinguthiromndlo tie pelisifiineg tadlllee 3455 ias rotadycicednebtongh
the 63 _/~r, a, r,-~;r~; insides of the notor 750 and the shaft 752,
a t hrough- kote si5p priwg dedbatmauntedentm alanpoend oaf ofa tpelistbing 768pland a
coupling 791. The supplied abrasive liquid is once stored in a space 756
def i nekd besWRRPr € hehpéti shiThg teamitaoldsrafd tife ernnasited7S® andisnéay
supplied to {he upper surface of the polishing table 755 through a
plurality BRLERP®ugh- hol es 768 fornmed in the polishing table 755. The

nunber and position o} #he #hnou h- hol es ., 768 can,be sel.ected degend'n on
the kind of p_rocesses.I ht eliagep_ 8y81FHe°§oEP§hPﬁ l@ﬁ&?ﬁ ey QFPEBRed 10
to the pol LgBino;fapke 793, the &PA‘{&%{‘% oty haget %ﬁ?gg?@%g%&%l 55

positions corresponding to the positions of the'throu S n the

case wher e;LNedaaldishicnd dabhe L65 haxdmdfealon Ghbndeneskons idk cghlrety.

t he upper surface of the polishingt 755 has grid-11ke, , or

radi al1sl5 genoyesdudtsk t Rafehs ough- hdies BH8 aTay cOMNEI ¢abe Mirdds sggh
grooves. The supplied abrasive liquid nmay be selected from pure water,

chem cal s, whilel they,sexidonducheeesadeys Mmyle dfanbeireg Kpolisiied hewhAbnasi ve
|l iquid can be supplied 20 simultaneously, alternatively, or sequentially.

I n order tbtherpodishangetabhe sME orotrdorabay: altts angl axiendl,. noWhohef r om
the abrasive liquid during polishing, a flinger or a thrower 769 is
attached tshehertiprk FHEOLHRP PIsHESaalanyrant A Giadeamadt begeakbr theth a

trough 770. 25 In_the polishing_table having tge above structure, thi upper
and |ower BERFPARQUSGEE FBReLs e1@ki afP§ PRELFRONAERERE By CRETIOPPBELY

menber, {00COIPEL LAY EnSLANKES JOTI NRiLEC 140RS" <80 LE“E c3BRLES
layer or the thickness of a conductive layer on the
semiconductor wafer 101.
The optical sensor 55 comprises a light-emitting
element and a light-detecting element. The light-emitting
25 element applies light to the surface, being polished, of the
semiconductor wafer, and the light-detecting element detects

reflected light from the surface, being polished, of the

semiconductor wafer. The light-emitting element comprises a
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A'n~f ~ ~s; v fln-~fitted respectively in the upper and lower ., 553
bearings 762, 763. The shafts 764, 765 and hence the upper and | ower e
beari ngs 762, 763 have respective axes horizontally spaced from each ot her
by a distance "e". The cylindrical nmenber 795 for 5 supporting the | ower
bearing 763 is fixed to the franme, and hence is stationary. \Wen the notor
750 i s eneftdF%Ed PedHe S9iGe 785 PR &Dat ed!hy thRe RidCad Gfenfiptat?dn @e)
about the central axis, of the notor ,750, and thus the polishing table 755
nmakes a ciPEEFé?Br9¥tﬁ§%ﬂ¥ﬂﬁ zﬁpﬂ%&ﬁaoﬁrchr 9 hahtepitsingr sdgrerfe

ked joint, and th i conduct or, .wafer 10l attached to the t ing 32L
< pr ossed gL A ERTTan RGP EPRB TR L pbhT RERGCPRRRGEoES HatRE

sem conduct or._waf 101.is poIi%hed y.the abrasive Li ui% ) EB"ﬁd t hr ough
Uhe througRoRBFE 7B7OURe 20 SERTBES S/ AoYRE EHF BUBR- RolBOHEEVEs 1TKE

: . . . . . |
rans) &t obdl *Hot Fentating P4 4R T FURLECLAL Mk O dirte of.2n of

t he poli shij 7 d e ' u waf nd e -
seniconduc?gge&g$%§rlg§d?g a%Ff3§%F§ﬁgg?ig%ggrbve?hfég%%ﬁgfrgﬁgu}# gg of

the 20 senyeeBEHEhEr afthint |detedty fBEEN tthebe1pght She¢1ebtelin®y the
sem conduct or wafer 101 and the polishing surface have the sane positional

rel ati onshiyppethestt bayes! andeths eli gondies fc bl &y ithaafimiradydy.a hocal
difference in the polishing surface. In order to elimnate this influence,
the top ridgt26t8@Lsignabt fted tbe alight-shsedttimgpredeaientt He $eivcessddct or
wafer from being polished at the sanme area on the polishing surface. Next,
a dresk@r byr tieesonhygolherpbVi thi detecthltthe thickness of the uppermost

layer such as the conductive layer or the insulating layer
accurately.

Next, the principles of detecting the thickness of
an insulating layer of SiO, or the like, or a metallic layer

15 of copper or aluminum by the optical sensor 55 will be briefly
described.

The principles of detecting the thickness of the
layer by the optical sensor utilizes the interference of light
caused by the top layer and a medium adjacent to the top

20 layer. When light is applied to a thin layer on a substrate,
a part of the light is reflected from the surface of the thin
layer while the remaining part of the light is +transmitted
through the thin layer. A part of the transmitted light is
then reflected from the surface of the underlayer or the

25 substrate, while the remaining part of the transmitted light
is transmitted through the underlayer or the substrate. In
this case, when the underlayer is made of a metal, the light

is absorbed in the underlayer. The phase difference between
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65 oo~t 1" rl~ ..~~~ 113 t' 34L or 34R will be described wth referdigenn;
to FIG 20. The dressers 38L and 38R have the sane structure, and hence
only the dresser 38L will be described below. As shown in FIG 20, the
dresser 38L is supported 5 by a dresser head 60. The dresser head 60 is

. " es: R -
resser BETRSTDBEREISF EohEaen SPEnSor FHumyo iR (REmpORYeR, zgdf?ﬁmtaci
h Sy : I is fixed of a
Cotating shAREeEes 'e?ﬁ%éérfer?gr_ﬁﬁka%?%%fégﬁd;q*fﬁet%%| PegeBiarer el Beto o
t or a. gdresser
Fimi ng bol Po0che PordreRothatrtBBEbratee: o uBEE, 2Re: ShBpoarmf (He®
bull ey 02 S FOuRlehay idihicBidep keunayurg: | e WIGHEOLALLAG BhaLS ©8

and the pulley 69 are Integrally rota ut arevertica

W th respegchci@afath Qiiale ¥HenVefid CnHRyenBat ﬂideat%f’p‘iribgﬂg PR ion
78 for supporting the pulley 69 and the dresser head 60 1s guirded by a

gui de rail opfosiftte &or 6y¢hndehefsd Mt t NegE eSeRendRLPr &7 ALEréfsed.
supported by a housing 71, and the housing 71 is rotated by a sw ng notor

72. The swihgt mbtpr the irefllexefloh 0iatdnetket vdBies heith acket wi3e E88GEES
wth a guide rail 75 fixed to a base 74, and the bracket 73 is vertically

sl i dabl e onfthee ginalglerdi |11ight, Athef Lapgr | thirkegsai andykhadeefffct své i xed
to the 25 bracket 73, and a forward end of a rod 76a of the _
i fting/| owedenehitheaver Thei bightcerefledted faom The Fhbsbesee 74si s

supporltoed ggp;pa?tgé abr’rye al77diffraction grating or the like, and a profile
depicted by plotting the intensity of reflected light for each
wavelength is analyzed to measure the thickness of the layer
on the substrate.

Therefore, light is applied by the light-emitting
15 element +to the surfaces, being polished, of the three
semiconductor wafers held by the respective top rings 32L one
after another, each time the polishing table 34L makes one
revolution, and the light reflected by the surfaces, being
polished, of the semiconductor wafers is received by the
20 light-detecting element. The light received by the light-
detecting element is processed by the controller 57 to detect

the thickness of the layer on the surface being polished.
Therefore, the thicknesses of the insulating layers
or the metallic layers formed on the semiconductor wafers 101
25 held by all of the top rings 32L can be detected, as
continuous measurements on a real-time basis, along a

predetermined path extending from the outer circumferential

edge to the center of each of the semiconductor wafers by the
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In the above structure, by actuating the 66 4 f~~",;:~1'S a
lifting/lowering air cylinder 76, the dresser 38L, the dresser hed&*bO;ﬂW%e
dresser notor 67 and the swing notor 72 are integrally noved in a vertical
direction. Therefore, in this dressing apparatus, when the dresser 38L is
not used, the 5 dresser 38L can retreat to a_position below {he poljshing
tabl e 34L PRFicHMR)SeRgPRne? gi z ThYSr hdhewithd cirBesees2 of h‘é“%ré’é%‘éfa%’é&ﬁ 60
is swng to cause the dresser 38L to be positioned _at the standb osition
and the dr AESHRy BBs  HCorMERAL i pORYSRS no™ b, 050 WRonsERLSSRRETar

carried out t he dresser ,38L, .,the |jfting/lowerjing air cylinder_76 is
o Ut o atent B oo rebd Epred  OF il Mo for Rigaehe PeLBE 95, i
Then, th 38L i dtoth ' [ ti t he. pol i shi
e, b SR, ofelD 5SS laR ARG ORl g aBebhesRg! BN

1711 ng/| O%%i%cggi.r?gi:r g&éie"@eﬁ“tohzrg% u@eﬁ&coﬁag%tg@ e gé?'— B0 t he

dresser he are | or pressing e dresser agar nst

the polisgwﬂis%{ ag&, ony LR NAUJShitRgckabke; Abrihigeli MByed her egger 38L
is rotated at a predeterm ned speed by the dresser notor . Further, the

20 poli shigenicdicibr wafed4hsi Bedh SPeridiic eGhtall anBr edeber shiekhspeed.

The dresser for dressing the second polishing tables 35L, 35R conprises a

convent i ongis bhesbmé yperdl essah. dYext, dheshwmftin sirad | oncSBall sposeseat t he
position 25 which can be accessed by the transfer robot 4, the transfer

robot 20 afeltddteiry aistervaldiotoRd wil Imdre dgsciddledsemsdrs ebBr aage ho
FIGS. 21 through 23. FIGS. 21A and 21B show the wafer station, and FIG 67

i'~ 1,10~ raddedC ad lindigated by an imaginary line in FIG. 14, so that at

least two sensors are provided in the polishing table.

Further, an eddy-current sensor or the like may be provided to

detect the thicknesses of the semiconductor wafers, in

addition to the optical sensor, whereby the eddy-current

15 sensor and the optical sensor may be selected depending on the

measuring range of the thickness of the layer or the kind of

layer to be measured.

In this manner, the end point of the CMP process

can be detected in each of the semiconductor wafers held by

20 the respective top rings 32L, and hence the polishing

operation of only the semiconductor wafer in which the end

point of the CMP process has been detected can be terminated.

Therefore, according to the present invention, although the

polishing apparatus is such a multi-head type polishing

25 apparatus which can polish a plurality of semiconductor wafers

simultaneously, the end point of the CMP process in all of the

semiconductor wafers during polishing can be detected. Thus,

all of the semiconductor wafers can be uniformly polished
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21A is a front elevational view of the wafer station, and FIG 21Bis a
side el evational view of the wafer station. FIG 22A is a view of-theMwafer
station as viewed in the direction indicated by the arrow | of FIG 21A,
FIG 22Bis a viewof 5 the wafer station as viewed in the direction
indicated by the arrow Il of FIG 21A FIG 22Cis a view of the wafer
station a¥iphewsdapy ireegnladcitias ilndithat palbshedhest@t®w 111 of FIG 21A,
FIG 22D is a view of the wafer station_as viewed in the direct.ion

i ndicated by the arrdl KhéF EpEe, 23R OBRY HI% LR E Y | ¥Ia Raldwner Hhge
D1A Furt IRGRLCRPESCEIS ARRPE UG ERESH DS ATl HOAEE SHouiiRy QOffe BRARESS | o
which th f tat| tes. h ' GS 1A, and 21B,. t f
otati on o0 s BEahpAPLERE AT nk craindtr Terh! PEFERT T4 oUHERIAR F ar e
arranged in{ g;%ﬂ?ﬁ‘iﬁ@di:glglré’rfﬁ'toﬂE‘%\uré'en?:Bét Bgﬁigﬂ{.ﬁ%et feerBL{Lr %?6 Fb to T9
are infegrated into a’srigre tray unit, and a plurality of posts (guide

t 91 ; | kd he,l t : Lh
post s) l%ﬂﬂ%r-‘%ogﬁfg}é%%& Xearg p?ﬁgg.e%aggé %4, OWE" AR Hnn 1att]§

single tray unit. Ity e posts are vertically v

supported,od Qm@uahpg§k§@§s§3i§a&&..{@e@dﬁanatabagamﬁééflaa@@té@%ﬁa« HAL @

waf er station base 9 I xed to a cleaning base. The | ower part of the tray

unit and tgie thepeecsHil 868 Pind navalRy secahtioBopasendr s cauidead oy ia bal |
screw 94, and the 25 ball screw 94 is rotated by a servonotor 95. By

ener gi zi ng.g,heaheelvadoapphl9ed tbethaf poliskming stqidss t3danaly e x=tbcaid a
predeterm ned hei ght. The nine-stage of the wafer trays Tl to T9 are 68
10 +top ring is lost, and hence the offset load is applied to the
polishing table 34L to cause the polishing table 34L to be
inclined. Further, since each of the top rings is connected
to the carousel 36L which is a single structural body, there
is a possibility that the carousel 36L per se is inclined by
15 the offset load. Therefore, in the present invention, when a
plurality of the top rings 32L finish polishing operation
individually, in order to reduce the offset load as much as
possible, the following measures are <taken: when polishing
operation is terminated, the pressing force applied to the
20 semiconductor wafer is set to zero and the pressing force
applied to the retainer ring is left as it is; or the pressing
force applied to the retainer ring is changed to such a
pressing force as to be equal to the pressing force applied to
the wafer during polishing plus the pressing force applied to
25 the retainer ring during polishing. Next, the mechanism of
the top ring which can apply the above retainer load will be

described below.

FIG. 15 is a schematic cross-sectional view showing
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4 ni'.a't-~S arranged in the descending order as follows: T1: dummy wafers
Rl and L1 (two wafers on the right and | eft sides) T2: dunmy waf er &t IR2! hd
L2 (two wafers on the right 5 and left sides) T3: dummy wafers R3 and L3

(two wafers on the right and left sides) T4: wafers R and L to be polished
(two wafers on the rgght and left sides) 10 T5: wafers Rl and |1 after

pol i shi ng Hifd a9eE5LE
waf ers R2

right and$d SHHBIE 7712t hE

FeANPhgtREWEPRF E1S VU e PEEGRPLaABVRBELOR] ddY)

nd L2 after i shj ng. and bef or,e_cl eani two wafers on th
M At P I AR S B

T6:
e

h - . Cl | R si L .sj.d T8..th f f
or' mary GG R Bre A @ RIS PARRPIGL  E0%: B80S0 1 FERASEE at er)

primary cl

T9: for
foll ows:

r

A e N T T M s A

used Tr QDL NGlrinBl ARl il PAGLOR10AC Ry Y Ndphaline He1dh

above, the t

ree top rings top rings 3Z2R correspon

the two pQlyshi ngy 25ahabl 85 34hnddib 346y HESPRLY nga&ceTh@zd%mgupﬁfear
to R3 and L1 to L3 in the wafer trays T1l, T2 and T3 are assigned fo th

respecti ve-ddi1e@ orOR, I | N@s e33ktaBdpa@ B3 At U IGrekhhfieNot PREEHEDA Yisl O

supply a

10

15

20

25

attached to the lower surface of the holding plate 81. A
retainer ring (guide ring) 301 for holding the semiconductor
wafer 101 on the lower surface, i.e. the wafer holding surface
8la of the holding plate 81 1is disposed around the outer
peripheral portion of the top ring 32L. A fluid pressure bag
85 comprising an annular tube is provided between the retainer
ring 301 and the top ring 32L. The fluid pressure bag 85 is
connected to the fluid source 82 through a regulator R,. A
polishing table 34L (or 34R) having a polishing cloth 40
attached thereon is disposed below the top ring 32L. The
polishing cloth 40 constitutes a polishing surface which is
brought in sliding contact with the semiconductor wafer 101
for thereby polishing the semiconductor wafer 101.

The top ring 32L is connected to a top ring shaft
46 through a ball 86. The top ring shaft 46 is connected to a
fluid pressure cylinder 49 fixedly mounted on a top ring head
45. The fluid pressure cylinder 49 serves as an actuator for
moving the top ring 32L vertically, and is connected to the
fluid source 82 through a regulator R,.

In the above structure, by supplying a pressurized

fluid such as a compressed air to the fluid pressure cylinder
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69 ~~lynr ~~ ..~ a~~3 new wafer each tine running-in of the
apparatus is conducted, a new dummy wafer should be replaced at a -deFthin
interval. At this tine, new dummy wafers for replacenent are accomodat ed
in any one of four wafer cassettes, and such 5 wafer cassette containing

the dummy wafers therein is placed on_the |oad-unl gad stage 2. Then, the
transfer rbbofram dhes BLiid REWSRINAY wdhe R Fap¥aceheRIGTHH t FRe waf er

S Sl e e
vat et on (R ‘Lf ‘ofaf $4P83é:€§n%n%§?+%l 3 %fgsue‘i?a, “CRBBERR, AR
Thereafterfg?%% %féﬁ??théﬁégf %gﬁgghgﬁg Fhé ﬁ%%ﬁ%?g¥ﬁ¥3 ot%%fﬁﬁfagéiéz t he
(r anency  cPi Do LB ok e, T AR EA IR plf r R HAEIRESPRE FeGIALIEY

wafers aregtransferred to the cleaning apparatus 22 or 23, and to the
cl eaning apparatus 5 or 6, and then returned to the 20 original positions

of the wafer trays Tli® T318y tHie thansi@{enAe s ¢0ednd shbwillge tERy T4
serves as tenporary placing positions, one of which is for placing the

waf er R orcénbhisffatipel ichithe wafee hoddiher segdfheconslyeotr anef Roldbhet 4
to the transfer 25 robot 20 (or 21), and the other of which is for placing
t he waf er Rlate L 83ef or &npoFiIGhi rigf,t othe thamisdoertedd &xbsn tepresenskerar obot
21 (or 20) to the transfer robot 4. The wafer tray T5 for placing the
waf er sL0R1 &igtancergmm) from the center (O) of the holding plate 81, and
the vertical axis represents a height of the wafer holding
surface. In FIG. 16, alternate long and short dash line ”d”
shows the condition that the wafer holding surface 8la is
flat. In this condition, no pressurized fluid is supplied to
15 the chamber C, and the polishing pressure is not applied to
the wafer holding surface 8la while polishing is not
performed. During polishing, when a pressurized fluid such as
a compressed air is supplied to the chamber C from the fluid
source 82, the wafer holding surface 8la of the holding plate
20 81 is curved by a pressing force of the pressurized fluid in a
convex shape in a downward direction as shown by the curve "a”
in FIG. 16. That is, the wafer holding surface 8la defines a
convex spherical surface. In this condition, the central
portion of the semiconductor wafer 101 is pressed by the
25 downwardly convex holding plate 81 against the polishing cloth
40 in a pressure higher than that applied onto the outer

circumferential portion thereof. Thus, if the amount of a

material removed from the outer circumferential portion of the
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4 i~ ~~. t i:JS after polishing and before cleaning (two wafers on the
right and left side), the wafer tray T6 for placing the wafers R2 and}L2;m;
after polishing and before cleaning (two wafers on the right and left
side), the wafer tray T7 for placing the wafer 5 after a primary cleaning
in the three- Staﬂﬁ cleanln e ;> L side (one wafer) , and the wafer

tray T8 foPf Pral @F aipg hspr]imbcﬂ:gaﬁl nbft;?eg aell ‘P%ln tnﬁgrsgf Zt:age

cl eani ng, > R Si e, descri

processi ngh??)% le%l(’a%f% cg cef)érwﬂwep?’r"%b%‘i it Sﬁéﬁ?ﬁfi‘;@f—% he

posi ti ons. AL ot n““‘”ﬂf%faés&%‘fx%hébﬁii'gb!%;.x% 1 s Rine tPeveraBLEal

osition r u I po n, . the.t ransfer ohot_ 4 can

Pocess The7haroht 2" ﬁeéjﬁfﬁfk@%@ ?%f:f ?é bvsa; grm §d710Y 75

and T3 f orueumawi waf gesoanskidie ¥&f ehet | haklle gja b

polished, and th M?r ansfer robots 28 gg%ii gn agcessht he Wa usetd(%r %r%??‘(l)’;l -

for the_ vva@@é§s¢plm g_q_ldi%ned._A_s shovvn in FIG 23B, the second posi

the 20 internedi ate height position of the tray unit. In the second

position, the transfesnrehet otHerangaid, can wsﬁmé@@tteﬁe%stﬁgﬁeijia fer

trays, i.e. the wafer tray T4 for the wafers to be polised and t

trays T5 amelma6ed ofrohe thef erentafatlerpqxaioshicly ehel Behoesndl@ay n?af%ﬁ ?5

shown in FIG 23C, the third position is the uppernost position of the tray

unit. In theltherdapeertthan the amamsteofrabontadiahdréioved Heaesshd he

T O e L ey oo enacomanoa st o . S
[

the wafer tray TQL reservation. In the second and third positions, the

transfer rototFAIRLATRE Bedss sCoMeraddrst ta aprduse tthe vnessuneataontlon 5

h t ter T5.to T8 (or T9), five
ggc:;ealrz urrounc?eg1 gﬁf‘gf‘feg}lﬁpb’r%‘?e 8&‘0&%’1‘3 uhleii;%‘é‘ércz%hr%gﬁmﬁ%h EEE
f ahahs SHN t he face rou iC

igggf S::ccrasses tlzhgc\ag?ef%é %Ct% rehlesesp Vi dedE - MhRT S o ESthiom s t

vertical |l yeHd cHaid & a%ﬁe@BBgaﬂhﬁu@cX &b aldrY W38 hg490r £ 204 4 5, opened
only when the robot accesses the wafers.
15 the holding plate 81 in the form of curve “b” or "c” shown in
FIG. 16. Therefore, the polishing pressure applied to the
central portion of the semiconductor wafer 101 is decreased
and the polishing pressure applied to the outer
circumferential portion of the semiconductor wafer 101 is
20 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
101 can be uniformly polished.
25 When the supply of the pressurized fluid to the
chamber C is stopped, the wafer holding surface 8la is curved

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

upward direction as shown by the curve ”c”. That is, the
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Since the wafer trays T5 to T8 (T9) are tenporary placing positions for

placing the wafers until the wafers which have been polished are 4 ["4 753
transferred to a subsequent 15 process, there are provided nozzles 96 for
spraying pure water or chemcal liquid on the front and backside surfaces

of the wafers sq that the wafers_ar revented from be|ng.dried, oxide
film are YRERRMUAIORBERAE For et S (M CRRCPYCe SPBETEABLUAREF 2Dy
surrounding_.aiy, .and the surfaces of the wafgrs 20 are prevented from bei ng
ot ched by ThetbotBoRPROS BRI B orotne ERBatiity | FOUIRD RS S 8 heDhat or
trays, thege ar rovi ded _sensors _for detectj.ng.whether,there is a

sem conduc{'l&? %@rcglngmpqﬁ: £ ?E ggcﬁug‘fetlﬁ%&\lﬁadflé'? ¥y %EFg‘?ﬁFeggaFé‘? ntlb‘?rbes
are provid i e ray,.unit fa ai ni.ng PULEm¥EL© m ca
l'iquid whicC ehgeég %%ﬁgsépéygdbgnt%ﬁé<%ygé and bé%is?ée su%fgkgggbﬁgghe
sem conduc Spyy TR I . dr al | PRy i d_t QEHMB% tray
T9 | oc;s?edég%cqﬁé%{ o%r %ggt %’g}sﬁd?i%é\%% sg% Vgog@nggIPg! r&ﬁ ﬁéé pan f I%E he 72
T~ f~r. tHe snapbobe WRh@ighta¥idni be the SRGRM HE®RIIhP ferfseat §fghed
to the lower portion of the wafer tray T8 to drain waste water fromthe

waf er traysad 7banehalid. ddivialtidlg doriviexPi (R rvexC aPRGiRA 1 OstiMtadeWesr
portion of the wafer tray T6 to drain 5 waste water fromthe wafer trays T5
and T6. Thepwafdly t reomsrekl t(@ohtabave sphegdiaabi nguffaned) onobechlse tihey are
used in a dry atnosphere. The reason why the draining systens are separated
in the mandevelmsing \pe idiveepresshee (Ppreaauwendtighesr thenchembsphetiqui d
which is used in the wafer trays T7 and T8 for placing the wafers for the

t hr ee Idt ageressung)ng Qitd t hegakies t PAPSsTEeand(MEegBIrepl adiomwgrt hetharter s
after polishing and before cleaning is different fromeach other, two kinds
of chemni caftmeRhrist ePPREEIR)ediP r SRebhRFha el wi Theedrdfen hbplding,
pure water and chem cal |iquid are_grevented from being mxed with each

ot her. TheSPHERRE dfaRn 9 pkle mBpledngomiéte®t 0Ca s BREPRMERpan @

Al ternativel depending on the kind of chemi cal |iqui,d, .the three drain

pi pes are ‘g‘ze%jaxfeéfelsg‘a%nn%‘_{:t gﬁitegt&flgcr%?%eﬁfla;n_t aﬂfi_ai PAR%1935 ST FERE her
20 re9andi b N Soled |l O SeRR! mal B2, 418" o PLOCSC[BY: O £80NERLET (O

chem cal |71 qui ner at’i'on équi pirent or chem ca rqurd drain pirpées in

vi ew ofg Chﬁgi&fd%pb;%@é_t 138, AlntBbAsiafBatidit SAMRHRI RéhFBYoiReised; f or
chem cal Ii1quid having identical or simlar chemcal properties. 25 Next,

t he cl eani pgi@PPeHAlYEIESHiRgt BBpaL8eHs NOs GhEEElcoMrids 1Ba-dese5thRE Bl ow.
O the cleaning apparatuses incorporated in the polishing apparatus, the
cl eani ng appaseiciseataziabd, 2F¥dravexampgBe, austenitic stainless steel
(SUS 304, SUS 316, etc.), aluminium titan, or resin material
such as polyphenylene sulfide (PPS) or polyethelethelketone
20 (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 mm in case of austenitic
stainless steel. In case of other materials, the thickness
25 should be selected on the basis of modulus of elasticity,
while taking into consideration the safety.

In parallel with correcting the shape of the wafer

holding surface 8la of the top ring 32L, the retainer ring 301
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- 41~ ..~ a:,Sroll-shaped sponge rotatable about its own axis and
pressed agai nst a sem conductor wafer to clean the reverse side of £ hé! 1903
sem conductor wafer. For cleaning the face side (polished surface) of the
sem conductor wafer, the cleaning apparatuses 5 22 and 23 nay have a rol
type cl eani ng mechani smf or rotating and pressing a rol|-shaped sponge
agai nst t RreEiftohtcPelighing, CoPth Alndinderyfe RYTHING nt sn?¥ or
rotating and g essing a hem spheri agai nst the sem conduct or

al, sponge
vafer i CHEPDDAEDE R R Hep0ed Ludd BUCHoRBoRcHONPERSRST 24D 5O nEdasoni ¢

type cl eaninhg. mechani smtor eani ng, t he_sem conduct wafer wwth a

cl eani ng I#iﬁhirhﬁ?ﬁﬂﬂﬁﬁ1 GﬁtﬁgsgﬁP@ 5?%r%§ﬁ4§1%9¥r§5pgéed may be added. The
cl eani ng appar at uses 22 23 serve mainly. tor ve part.icle t he
sem conduct or waf er s.lzrhegggdlpe%esse&t tﬁrew%f/pleondf ?ﬁg cﬁ]% r?ltlrrlla 1@0%%%2?& us,
each ofgz th [ ar S an-,supnl.y : e ki ani ng
liquid 5t o] ?ﬁ%}%‘g&;eggpﬁs h‘géc}ﬁJ sgi?gcg)ﬁaﬁ%rr lgérsg%lrg dggé of %tn Egén%cf&?

sem conduGhoFs Wah@h. e fdteamh a9 doh qUhdngBY 16RPr 4 $€ RUT EhdepELs sEREH Of
the cl eaning %pparatdggg'S and 6 H?_capaggg 20 of_r?ngpng thebreteregside
of a sem conLEt 941, Was evar L51 &) et Nehd NerdRGsifde-cef H heosepiegadugt or
waf er, the cleaning apparatuses 5 and 6 may si mil taneousl'y conduct cl eani ng
by the penehé rypgigéeaping IBThagasms€ Othd OpElidimNIFRSSEMNgid also

hem spheri cal sponge agai nst the sem conductor 25 wafer and cl eaning by the
megasoni ¢ typkaltleani ngThesdanipxestdngc| garcag t Fg, seilf, coackict gvarnabke W th
a cleaning liquid to which ultrasonic vibration is applied. Each of the

cl eanily appiependastly afd egcharrtheypl yTheretore, mire kiasgdingt foiregniFag 74
liquid to the face (polished surface) and reverse sides of the

seni conducVichafer aPPded] deni Bae | Pabiahing ebaphi 48 fur eth@t Eptaney age
for chucking a m conduct or  waf er, be.rotated at a high speed, and has
a functi onfB9 dPyi P BS cFBAREECAFBERSIRE: SR e ( RESHELPRoRPECE y fe
cl eanin nqgh ni sm. each,of .the cl eani ng _appar.at us may, have vitation

9 \ 1G SHL gﬁlged EV &a %Og\rjiptrétnlgon%éflf )éioi PE &4 ’élllé

jet type cl'eani ng mec ismutrtizing a C e iIch a

cavi tat | ol RRbIb Qe 3981 Bl oI hOSRAUSKILG Lioth 49, of fective as

t he negasonic type. own I n ni ng “apparatuses 5, 6, 22

and 23 shave respecti Venh&J¥eiHiRG11935S0rt akRE WrdishiRgPadroee shyHiehs i ch
can be opened only when the sem Conductor wafers afe to be introduced

therei n orapgiibaedby hehef topr rihgEach eb phesel easi semappadattseswared, 22
and 23 has a plurality of cleaning liquid supply lines associated with
constant -rade ayemnyal the pbatishangbelotht A0l lisd dayuadn t20 rtihe epseseingVt h
the constant-rate flow val ves conbined with el ectropneumatic regulators for
control | i nfoxer EirwhieBsdse aprdiede ¥9 obhe apelishing clebhi 4§ Ihwuthe
supply lines can freely be established froma contral panel. C eanjng
liqui ds subpFaErst ortHe Wearftha) dppardtiisdduting efe2RPAGSHr BEAE8RENGNd

cl eani time therefor n be s fromthe control . panel. .
2n0g pressures, whggh resu%: f’rom a corngtinatl n of the pressing

forces F,, F,, is continuous and uniform from the center of the

semiconductor wafer 101 to its peripheral edge and further to

an outer circumferential edge of the retainer ring 301

disposed around the semiconductor wafer 101. Accordingly, the

25 peripheral portion of the semiconductor wafer 101 is prevented
from being polished excessively or insufficiently.

FIGS. 17A through 17C schematically show how the

polishing cloth 40 behaves when the relationship between the
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Qui des are nounted on a base of the cleaning 25 chanber (area B), and the

cl eani ng apparatuses are nmounted in the guides, so that the cleaning 4 42 7003
apparatuses can easily be replaced with different type cl eaning

apparatuses. There are provided positioning mechanisnms for placing replaced
cl eaning 75 4.f ', 0~ =5 paratuses in the same position. Next,

waf er procBE&FHHPY off%ee iFr 2hE b i%?ﬁ?%l%p[fé’lrgﬁugzs*ﬁ) 5329 G&® HIfhr ough
23 will be_described with reference to FIGS. 24 through 58..5 ftware is
ncor por at bie ot hRaR Shs N EOECR, Factd s dBin Ehany FRE B SuhHIh AP IGAd et i n

h | ' d f Ln.th i shi
appar at us. EOEExantl & - nar B arhe G PBTBuERGHS ol 2P0 EBELY, SHoRhr 5P o
l'i shi - j 10, Th i.all t
P om t ho wir e, PRRELRP S GueP R, D0e e “Tn PR ot < g Hiaedna £bREE"

polish 4 hem i pangld ek:haﬂe?ﬁetﬁ‘fé?si qro§c?r9 s&qggqti ally taken out from

the waf'er chssSette and transferred to the polishing tdble 34R to polish

them After two sets g§ tdiwhp tiy egreefer $78r ecpldgihedsct, heynahe the
transferred to the two cl eani ng appar at uses successively to conduct the

two- st age gtes®ing. foZrepd,alappllipal itshi fige apdlidtifey Stageh cla@ariygtiibr ee
wafers are sequentially taken out fromthe 20 wafer cassette and
transferredetaihde mahgsisiong isabpeodhess vgdy i Sictdwaed,| ntipar ablléshingxt
three wafers are sequentially taken out fromthe wafer cassette and
transf erredlobht H® potessedgby abhe 34Ratinepolnisly t3EM i4f peogressseedyof
the three wafers are polished, they are transferred to the three 25

cl eani Wy appapressed, stheesprogrgssivelahdehanaing tireestatr)ect| eantagt (3)

serial polishij n% and t\/\p-sta%e cl eaning Three wafers are sequenti al IX t aken
out from t Wethgthe peripheral portion of the semiconductor wafer 101,

i.e., progressively reducing its area of contact with the

peripheral portion of the semiconductor wafer 101. Therefore,

when the relationship between the pressing force F, and the

15 pressing force F, 1is changed in various patterns, the

distribution of polishing pressures on the semiconductor wafer

101 over its peripheral portion and inner region is also
changed in various patterns.

As shown in FIG. 17A, when the pressing force F, is

20 larger than the pressing force F, (F,>F,), the polishing

pressure applied to the peripheral portion of the

semiconductor wafer 101 is larger than the polishing pressure

applied to the inner region of the semiconductor wafer 101, so

that the amount of a material removed from the peripheral

25 portion of the semiconductor wafer 101 is larger than the

amount of a material removed from the inner region of the

semiconductor wafer 101 while the semiconductor wafer 101 is

being polished.
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vhey -1, << ,,-.,; s~.;~~ wafer cassette and transferred to the polishing
table 34L to conduct a primary polishing of the three wafers. After ~thié. ;103
primary polishing of the three wafers, the three wafers are transferred to
the polishing table 34R to conduct a secondary 5 polishing of the three

waf ers, and then the three wafers are transferred to the two cl eaning

appar at uses successi A yshaync dmd §d6 -t AéBy woher age Preafing foFresEy ks
pol i shing and three-stage cleaning Three wafers are sequentially taken out
from t he 19Mk@EFatticddyet e@uahd tor S ePFesising t KOrEs| ikhi(fy Fable et o
conduct a primary polishing of the three wafers. After the primar

pol i shi ng SISEHEYHAGe daiRlishing Pressurgfcls SPBLLPUARYT cRRLJURHERFHR

Bnd £ hen tHEPR e RS tar 615 thPanSFBr G dihe WeRESe. of barfng Tt

[ t dyct t th - St .Cl ' . FIGS, .24
R o S eSS b S 10, T B3 E SRR s e o
pol i shi ng aad. o3 aggee! ANNGP0 45 AN HE Bhifint24e I Oghe ilay thr ee
sem conductor waf ers , and ‘ar'e” proceéssed successively 1n the

o] 0 it el Gopseittd s g5 A4 g il el 1500 70

-->the rotary transporter e poli ng ta ne rotary .
transport efeiflherdIelRRfd @0 the LRReWef&§idN df tHLRIIREnHACEEE FLFéPW NQ

route: the cleaning
101 while the semiconductor wafer 101 is being polished.

10 As shown in FIG. 17C, when the pressing force F, is
smaller than the pressing force F, (F,<F,), the polishing
pressure applied to the ©peripheral ©portion of the
semiconductor wafer 101 is smaller than the polishing pressure
applied to the inner region of the semiconductor wafer 101, so

15 that the amount of a material removed from the peripheral edge
of the semiconductor wafer 101 is smaller than the amount of a
material removed from the inner region of the semiconductor
wafer 101 while the semiconductor wafer 101 is being polished.

As described above, according to the present

20 invention, fluid is supplied to the upper surface opposite to
the wafer holding surface 8la of the holding plate 81 of the
top ring'32L, and, at this time, the pressure of the fluid is
properly selected in the range of positive pressure to
negative pressure to thereby make the shape of the wafer

25 holding surface 8la downwardly convex or upwardly convex. In
this connection, the semiconductor wafer 101 can be polished
differently by varying the pressing force for pressing the

semiconductor wafer 101 against the polishing cloth 40 at the
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apparatus 22 the cleaning apparatus 5 -; the wafer cassette 1. The wafers
W2 and WB are processed in the following route: the wafer station 90 { WaT #x3
trays T5, T6) --> the cleaning 77 4 f,;, r M 1A'~ 1., L JW
apparatus 22 the cleani ng apparatus 5 -> the wafer cassette 1. Further,

the three wafers W, are processed in the foll ow.,ng route: t he
waf er cassBREEX 1C1EGHIN V%e V\qstpé’trlt HHQWivé?%rc?WtaﬁﬁlTﬂorttlﬁg F8?5F9f

transporter 27R the pol.i shi ng tabl e the rotary.trans gr 27R.
Thereafter? tﬁ@mﬁaFégeﬁn Fﬁ%%gg@ u? OYH%a# gé}nésr8§g ?ﬂeuEﬁgﬁnlng

cgparatue 2R e ”ﬁh?ﬁpaa%et?%e?srr rrbo*ie[“n‘agfeeryﬁ 338 14 4 offBo.
(waf er traéglagngvéggte g1 Jge %I%aglggsapparatus 23 -> the cl eaning

appar at us er  casset 31 through 37 are schenatlc

di agrang show ng prchﬁSﬁéfggl&beWQQﬁv%qgﬂéﬁdJ%] ééggngt d L-BEESs tage

15 cleaning. As shown I n 31 throug e sem ‘conductor wa
WL, W2 andg¥Bcare W@%%t&&ﬁé@sﬂf{@'%l naidpoded 12Wune £REL €opt Ben@/afer

cassette 1 the wafe
32L is determined on the basis of the pressing force F, of the
top ring 32L, and the polishing is performed while the
retainer ring 301 presses the polishing cloth 40 under the

10 determined pressing force F,. That is, the polishing operation
of the semiconductor wafer 101 is performed under the shape
correcting effect of the wafer holding surface 8la by fluid
having positive pressure or negative pressure as well as the
shape correcting effect of the polishing cloth 40 by the

15 retainer ring 301. 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 101 is prevented from
being polished excessively or insufficiently.

20 When the end point of the CMP process in the
semiconductor wafer held by the top ring 32L having the
structure shown in FIGS. 15 through 17 is detected, the
pressing force F, for pressing the semiconductor wafer 101
against the polishing cloth 40 on the polishing table 34L by

25 the top ring 34L becomes zero, and only the pressing force
(retainer load) F, for pressing the polishing cloth 40 by the
retainer ring 301 is applied. In this case, the pressing

force of the retainer (retainer load) is equal to the pressing
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station 90 (wafer tray T4) the rotary transporter 27L --> the 20 pths,hlqﬂg
table 34L the rotary transporter 27L. Thereafter, the wafer W is v 43
processed in the following route: the cleaning apparatus 22 the cleaning
apparatus 5 the wafer station 90 (wafer tray T8 ) --> the cl eaning

apparatus 6 -> the wafer cassette 1. The wafers and WB are processed in
the 25 foliFGshgFsr otR¥ch ¢ g ﬂ@P&FegtgPFéﬁgQQO@%éPéPgtr&?stﬁ? é%ﬁs§*ﬂg

| t -- th | t 5 th f t at 90
fwi? o %%g ot - %h@gmmt: Cn%aa%%}f dHa s”tqug AR LES AL G r%elé?a_”%t X
. ur e ree Wwal er ar I 0Cess I N e
Col I ot hg TDe: em botnt bPEskIng" Bolls Fo Sk s*f ww%vafoerr% ray
T4) -->t t th | h
D nenart da-HoRRbE, %@?Zﬁ% ¢t f BB i B PR bR kB R e A0St Y

route: gth I@@Q é%ﬁ a @gp e er
station 98tcs(: erﬁ(?ray Iﬁ %fan{(%g %ip aigaﬁs ﬁ]ﬁd{&f er %:dai'ss% e 1.
The wafers; and W are processed in the follow ng route: the wafer
station 90 (wafer tray T4 ) 10 the cl eaning apparatus 23 -; the cleaning

apparatus 6 the waf afex@t,atthens88ohdepSIidHidy tablet Be1E! BENMEWL BRRT at us 5
-] the wafer cassette 1. FIGS. 38 through 47 are schematic di agrans show ng
FIG. 18 is a cross-sectional view showing the
scroll-type second polishing table, FIG. 19A is a cross-

10 sectional view taken along line P-P of FIG. 18, and FIG. 19B
is a cross-sectional view taken along line X-X of FIG. 19A.

The second polishing tables 35L and 35R have the
same structure, and hence only the polishing table 35L will be
described.

15 The scroll-type second polishing table 35L has an
upper flange 751 of a motor 750, and a hollow shaft 752
connected to the upper flange 751 by bolts. A set ring 754 is
supported by the upper portion of the shaft 752 through a
bearing 753. A table 759 is fixed to the set ring 754, and a

20 polishing table 755 is fixed to the table 759 by bolts 790.
The polishing table 755 may comprise a grinding stone (fixed
abrasive plate) entirely, or may comprise a plate made of a
corrosion-resistant metal such as stainless steel and a
polishing cloth attached to the plate. 1In case of using the

25 grinding stone or the polishing cloth, the polishing table 755
may have a flat upper surface or a slightly convex or concave

upper surface. The shape of the upper surface of the

polishing table 755 is selected depending on the kind of the
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processes of the above serial polishing and two-stage 15 cleaning. As shown
in FIGS. 38 through 47, three seniconductor wafers WL, W2 and WB aré !4} 710}
processed successively in the followng route: the wafer cassette 1 the
waf er station 90 (wafer tray T4) -> the rotary transporter 27L the 20
polishing table 34L the rotary transporter 27L. Thereafter, the wafer W

i s process8EMIFORFCHERY VRfiaTy 10dute: Peneoetehed ng Thispadeds diameserngfvaf er

station 90 (wafer_ tray T8 he rqtary transporter 27R --> the polishing
Cabl o 34k the" A idithey bt pdbler g 7ot Phe &l BAAPRECRpAGANE 35¢ The

Che f ol TonRhgRPERs o. Ofhe WA er SELAOTENCEOT vl r L 0F) b5 ERBCEl o2f ng
f ' 9 f . T8 he,.

SR A e o fea bR IndE! BE1SLE" 8" 1 et SpldVs JO) enb] Gy E 1 {ANRREM T €

t t : £ fermnt . . i

hooar atie BafShidderdEryss il Ak shotfistion Bt ZRbeag HigeChigH e

appar at us gonsﬁbﬁgwaisméass%tem&ke.éf heamft§an¥\§a£§oﬂ§pce§ée9 hh thge
fol |l owi ng route: "the wafer station 90 (wafer tray T6) the c?eanlng

appar at us gémicohdgctéy 8fasdratddds Qﬁﬂ(}ﬁkﬁkctrifom8the'bﬁtbﬁep%Qﬁﬁhér
transporter 27R the polishing table 34R -> the rotary transporter 27% t he

waf er statoentfe peafiehihgayabbe 76be clrRankpgnap@eiciab ®RStidhemsyessi ng
apparatus 6 the wafer 10 cassette 1. FIGS. 48 through 58 are schematic
di agranms sbtalied gcockksesioh bireoabbval sestiain.pol i shing and three-stage
Cleanlﬂg. The set ring 754 has three or more supporting
portions 758 in a circumferential direction, and the table 759
is supported by the supporting portions 758. A plurality of
recesses 760, 761 are formed at positions corresponding to the
upper surface of the supporting portions 758 and the upper end
15 of the cylindrical member 795 at angularly equal intervals in
a circumferential direction, and bearings 762 and 763 are
mounted in the recesses 760 and 76l1. As shown in FIGS. 18 and
19, a support member 766 having two shafts 764 and 765 whose
central axes are spaced by "e” is supported by the bearings
20 762 and 763. Specifically, the two shafts 764 and 765 are
inserted into the bearings 762 and 763, respectively. Thus,
the polishing table 755 makes a translational motion along a
circle having a radius ”"e” by the motor 750.
Further, the center of the shaft 752 is off-
25 centered by "e” from the center of the motor 750. A balancer
767 is fixed to the shaft 752 for providing a balance to the

load caused by eccentricity. The supply of the abrasive

liquid onto the polishing table 755 is conducted through the
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As shown in FIGS. 48 through 58, three 15 sem conductor wafers W, Z\Z;,, and
et

. . . - A0 0
WB are processed successively in the following route: the wafer cas i ¢l

--> the wafer station 90 (wafer tray T4) -> the rotary transporter 27L ->
the polishing table 34L the rotary transporter 27L. Thereafter, the wafer
WL is processed in the follow ng route: the cleaning 20 apparatus 22 -->

t he waf er igtsdtdesn o0 theametorr 250 T@)d thee shatfdr Y585 aasplrewgh-drre -75% he
polishing table 34R --> the rotary transporter 27R --> the cleanagg

appar at us Brpvides cpearthfy gpphrat upogtisn hef waher &akle o590 (dvferd tray
T7) the cleani,ng apparatus 5 the wafer cassefte 1. The wafers W2 25 and
W8 are pr GRREAY rrogtlhe BRI sWPRYIREuRREAS hEe WaFBH S tlft i BIT DR RRe%eri r ays
T5, T6) -> the cleapin aratus 22 t waf er._station 90 fer tr T8)
T2 the rotar SR nh: e Lhok bSERESRoFNEnPROALE SARLST Raor arsh FHe
transperter .27R 52,80 - 4 f~~ "'~ ~.~C~3 the wafer station 90 fer trays
To 16y - FAHE o7 S ARkt SuERLiST, . Eof HEPSEp AR O he R o
station 9 rir ) clieani r. At Mafel. cagsette
1. 5 As d%s‘%lrl hgél gtab%\?el:g a7c5c5;r‘%ﬁ]:(naog}’1 hoaa[]héﬂbxraag@g:t ol%flvteq}ﬁc}dgﬁ', Vl\%l%lss possi bl e

to shortengdhed ishe t@lgqgggggh&oggtéé\gfé 6f5 40" kRLEAGRLL P

! dpEgg ch as
sem conductor wafers to't t rings for thereby greatly increasing the

nunber of YHOAAITRGNWBLABEEGE8 B8 BidellddRd WeBendify td oughnuing A4 hough
certain preferred enbodi nents of the present invention have been shown and

descri bed prooigisaisl., Th theukdsbewHader sheogdol hstiinprdnth chnngesadistl
nodi fi cati ons may be nade therein w thout departing fromthe scope of the
15 appéndemd ctlee npolBdhing ;table 715%,~-~the PHhishingclcddiothd Hegs tYhrdugh-
pol i shi ng apparatus having a nulti-head, conprising:

holes at positions corresponding to +the positions of the

through-holes 768. In the case where the polishing table 755

is made of a grinding stone in entirety, the upper surface of

the polishing table 755 has grid-like, spiral, or radial

15 grooves, and the through-holes 768 may communicate with such

grooves.

The supplied abrasive liquid may be selected from
pure water, chemicals, or slurry, and, if necessary, more than
one kind of the abrasive liquid can be supplied

20 simultaneously, alternatively, or sequentially. In order to
protect a mechanism for performing a translational motion from
the abrasive liquid during polishing, a flinger or a thrower
769 1is attached to the table 759, and forms a 1labyrinth
mechanism together with a trough 770.

25 In the polishing table having the above structure,
the wupper and lower bearings 762, 763 are axially

interconnected by the support member 766 comprising a cranked

joint having the upper and lower shafts 764, 765 that are
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5 a polishing table having a polishing surface; a plurality of top rén S o
for hol di ng wor kpi eces and pressing the workpi eces agai nst said poli hingldd
surface; a carousel for supporting said top rings and indexing said top
rings; 10 a rotary transporter disposed in a position which can be accessed
by said top_riggs and having a plurality of portions positioned on_a
pr edet er mi ftdteq reeppesteived ¥f riemtdiec apper 8ndr deweroheariBasd’/ Pt ar§3-
transporter for hoIdin%ﬂthe wor kpi eces, said rotary transporter having an
i ndexi ng 1Bhe usBREBR f18d (i ntfeki ¥ shercl Gh8I ivRpest 3wt t1oVRY BRRATANBSSsher
for transferring t he wor kpi eces .bet ween said,rotar{ transporter and said
top rings. 92 ATB3I iNSNiEn g SFRESTAVEs AESor g AT adilyi MPRcesh ePACBach
of said top rings is_connected to a carousel thr ugh .a sw ar and is
angul ar |y WERSDI BYbyas SidCaRERg & m 1 0 ReporY L HrtiRsi RPBRSEN ok gror
polishing table and a Ioagin and unloag' g.posi.tian on said_rotary
branspdt t o7 SPBRT SING "BF | LAV BREFAT udCAcitr diigat & ol Bt TX G t AR
conpri si ng cond npal.i.shi tahl.e praovid g?j nt, to iéﬁ ol i shing
t abl e; V\hel?%?‘?lgv\ggn sgcé“c loléfaggéid hoeﬁpr%l%sﬁgg o?ét%edlsaterz&é Peé’ Qhe
shaft 752 is rotated by the radius of gyration (e) about the
central axis of the motor 750, and thus the polishing table
755 makes a circulatory translational motion (scroll motion)

10 through the cranked joint, and the semiconductor wafer 101
attached to the top ring 32L is pressed against a polishing
surface of the polishing table 755. The semiconductor wafer
101 is polished by the abrasive liquid supplied through the
through-hole 757, the space 756 and the through-holes 768.

15 The semiconductor wafer 101 is polished by the relative
circulatory translational motion having a radius ”e” between
the polishing surface of the polishing table 755 and the
semiconductor wafer 101, and the semiconductor wafer 101 is
uniformly polished over the entire surface of the

20 semiconductor wafer. If a surface, to be polished, of the
semiconductor wafer 101 and the polishing surface have the
same positional relationship, then the polished semiconductor
wafer is affected by a local difference in the polishing
surface. In order to eliminate this influence, the top ring

25 32L is rotated at a low speed to prevent the semiconductor
wafer from being polished at the same area on the polishing

surface.

Next, a dresser for dressing the polishing table
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_~~~r1"'"1lyl vi., 1 ~~~ predeterm ned position, said each of s?i glmt,,(g%
ri ngs can access said second polishing table. 4. A polishing appara g L
according to claim3, 5 wherein said each of said top rings is connected to
said carousel through a swng arm and is angularly novable by said sw ng
armto access said second polishing table. A pol i shi ngFSIa par at us

[

( 5. Ap

accor di ng 343 Qi MR, wibl wper desc Jritdnixefesencende orfifect &% o
said carousel through a swin rm and is angul arly novabl e by said_sw ng
armto an ddi?egrsl?é'ﬁgi:%& o tq&ﬁ?%"%\h@ T3 vﬁfr’f&ﬁ%’&@ nwih hr%‘acebé’éﬂ'y
polished projects fro ai d. polishing .surface to cause a part of a polished
sur f ace o%k‘(ar]éjcr\ﬁ&sﬁﬁi g]@g Y’blgebiffs]ee%f%d%&il. %8&%' pol i shing appar at us
according to claim1l, further co | Si rever si ice fo
transferring the wor lf‘& ésg‘eogriol :?gfq‘r pi;?’sg‘:{hcf ro’ieasrs% ?ggﬁ"splosr_tselgppaoﬁ:&ed_
reverskng 20 Lhe Worddl egess o A PAbL ShiRg.apPAliiseaeqQr Aot { gl m 6.

erei N sal“d reversing device is posifioned above or bel ow said rotary

LramaBer! SensbId, BAehadtr! hecUBRUR g el YEpnorBIRALY (EVSIS eyl co

wor kpi ece prbdetr VEBLI i | ¥roBYAL! 6in 83ontact with or away from the

polishing surface on the polishing table 34L. A pulley 66 is

fixed to an upper end of a rotating shaft 65 of the dresser

10 38L, and the pulley 66 is coupled to a pulley 69 connected to

a rotating shaft 68 of a dresser motor 67 through a timing

belt 70. The rotating shaft 68 of the dresser motor 67 and

the pulley 69 are coupled by a key and a keyway so that the

rotating shaft 68 and the pulley 69 are integrally rotated,

15 but are vertically movable with respect to each other. The

vertical movement of a supporting portion 78 for supporting

the pulley 69 and the dresser head 60 is guided by a guide
rail 79.

The air cylinder 64 and the dresser motor 67 are

20 supported by a housing 71, and the housing 71 is rotated by a

swing motor 72. The swing motor 72 is fixed to a bracket 73.

The bracket 73 engages with a guide rail 75 fixed to a base

74, and the bracket 73 is vertically slidable on the guide

rail 75. A lifting/lowering air cylinder 76 is fixed to the

25 bracket 73, and a forward end of a rod 76a of the

lifting/lowering air cylinder 76 is fixed to the base 74. The

base 74 is supported by the frame 77.

In the above structure, by actuating the
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4 (~,'',.", :~~~3 8. A polishing apparatus having a nulti-head, conErL§Lﬂ%:
a polishing table having a polishing surface; a plurality of top rindé“ﬁd'
hol di ng wor kpi eces and 5 pressing the workpi eces agai nst said polishing
surface; a carousel for supporting said top rings and indexing said top

[ ; lurali f ¢l , f I ' h '
Whi oh have-HECRISIPVERERT 267 8T T Titter bro i EREPBE CPLNSEER 1ATRF a0 o
| i shed kpi t id ' t ; d [
Crat; on it Bhr KiTECETTIgE {BPCRDl & g Tho ner I Bsaa e i 26 ari
state whi | & ddie MAUKRIEERS A & Glanad) RideBLUCAL T (i &foabages;d inguoh
sai d cl eaning 3 agparatuses or before the workpli eces are cl daned. 9. A

pol i shi ng &H%%Eﬁ%fg'{'ia@%ﬂ.}(&g blefi! Tl BirddldNCaf ORI 26010, BeRaSRHd @ for

housi ng a plura rkpi eces, sal pi ecé station being disposed

bet weem S%&%@ﬁ%?ﬁ%@ﬂ t bl e ANdrsaiad Sessetde HeloBotMeNGpdEshing

wor kpi eces to be polished in a standby state before the workpieces to be

pol i shed aggitd agpf e ped uR)sai Bpobhstyikinabtite 2Rind RBkbehiTeg apRaratus
according to claim8, 25 wherein said workpi'ece station has a workpi ece

tray for htelise@ ahebh@a®0 ONE twhg W kRiaee usiesl BeessEANiIEY, | Bot e

pol i shing apparatus before polishing regular workpi eces. 84 ~t f ~J. ,

L~'U, S positioned at the standby position and the dressing position
on the polishing table.

10 When dressing is carried out by the dresser 38L,
the lifting/lowering air cylinder 76 is actuated to cause the
dresser 38L and the dresser head 60 to be raised. Then, the
dresser 38L is moved to the dressing position on the polishing
table by the swing motor 72. At this position, the dresser

15 1lifting/lowering air cylinder 64 is actuated, and the dresser
38L and the dresser head 60 are lowered for thereby pressing
the dresser 38L against the polishing surface on the polishing
table. At this time, the dresser 38L is rotated at a
predetermined speed by the dresser motor 67. Further, the

20 polishing table 34L (or 34R) 1is also rotated at a
predetermined speed. The dresser for dressing the second
polishing tables 35L, 35R comprises a conventional brush-type
dresser.

Next, the wafer station 90 disposed at the position

25 which can be accessed by the transfer robot 4, the transfer
robot 20 and the transfer robot 21 will be described with
reference to FIGS. 21 through 23.

FIGS. 21A and 21B show the wafer station, and FIG.
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11. A polishing apparatus conprising: a pair of polishing units, the
polishing unit conprising: a polishing table having a polishing 5 §uffath;
a plurality of top rings for hol di ng workpi eces and pressing the workpi eces
agai nst said polishing surface; and a carousel for supporting said top
rings 10 and i hdexing saiqd top,rings;,a pair of rotary transporters, the
rotary transpori & HF&ntg eﬂﬁgaaée’aa nVJaF"bc%‘% thheh WRteEn St ak1BR¢ aﬁﬁgsgg@ by
said top rings. and having a plurality of portions. positiaqned o

predet er m%@ i raCLFnI%&r @Sr@é’agmﬂ?i 8%?1"( e‘?PoffhefLé"ar L StE10P  sa a&r ot &ty
transporter_ for holdin e workpi eces,. said rotary,tr.ansportet_hayving an
ndext ng. fihch SiaoroEnbBS; NRESE Fakien| 4y B8t hBnaed, SRk
pushers, t [ qgap d, far nsf.erri h r.kpi eces_ be en
said rotar%ﬁqﬁgﬁg%gﬁggﬂn%b and£§a¥d%Fo%&?Fn§§A’1§&GZ %3%?5#?5@ gﬂ%gr% us

accor disngtxfht‘ri’% ﬁs%%fé? Il o dafaGY &g v%%%doﬁns %}x@r P‘REeE%Egﬁ ei%df@é‘ﬂ?d&tsﬁf n%l‘i’ezg arm

carousel a swng arm and 1S angularly nobva y sal

to a P0|iSﬁﬁﬂﬂqgﬁsti@&GaniﬁﬁdFE@Li§@&nﬂstébbﬁeﬁﬂgfathéaﬁéﬁéraQéaHﬂé&ading
position on said rotary transporter. 13. A polishing apparatus according to

claiml1l, &£ vidwed ,in~thé~47BedtidMeindiUBYdS I Bsesorsl pal i shirget abl e
provi ded adjacent to said polishing table;
21A, FIG. 22D is a view of the wafer station as viewed in the
direction indicated by the arrow IV of FIG. 21A, and FIG. 22E

10 is a view of the wafer station as viewed in the direction
indicated by the arrow V of FIG. 21A. Further, FIGS. 23A
through FIG. 23C are views showing the manner in which the
wafer station operates.

As shown in FIGS. 21A and 21B, the wafer station 90

15 comprises nine-stage of wafer trays Tl through T9 which are
arranged in the descending order. The nine-stage of the wafer
tray Tl to T9 are integrated into a single tray unit, and a
plurality of posts (guide posts) 91 extending downwardly are
provided at the lower portion of the single tray unit.

20 A plurality of the posts 91 are vertically movably
supported, <through guides 93 each having a plain bearing
therein, by a wafer station base 92 fixed to a cleaning base.
The lower part of the tray unit and the upper surface of the
wafer station base are coupled by a ball screw 94, and the

25 ball screw 94 is rotated by a servomotor 95. By energizing
the servomotor 95, the wafer tray is positionally fixed at a

predetermined height.

The nine-stage of the wafer trays Tl to T9 are
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wherei n when each of said top rings is |ocated at a predeterm ned ppfi,,t,.iqon.,
said each of said top rings can access 5 said second polishing table. "M.Z“"IA
pol i shi ng apparatus according to claim 13, wherein said each of said top
rings is connected to said carousel through a swing arm and is angularly
novabl e by said 10 swng armto_access said second polishing table. 15. A
pol i shi ng 3L dbs drAgeRding LrAer asyfeddPWSéach of said top rings

is connected to said carousel through_a swing arm and is angul arly novabl e
by said swing 15 armYls SH"BYeFRLRE n@lp%éétrrg]or{‘i"i? WREERSt AR hRf kptEte

whi ch has be | i shed projects fromsaid polishing surface to cause a
part of aafﬁﬂeiqs%i Sd@ffdce of the workpiece to be exposed. 20 16. A

pol i shi ng appar at us ording to.claimll, .further conprising a reversing
devi ce for transferria% tdg‘gm&o?’ﬁﬁ?ﬁﬁe@t%n%ﬁ £ 3R §’5E§rﬁo?5r§h?rﬁﬁ fort er
and reversj t rkpiieces. 25 17. A polishing apparatus according to

claim %6, Sa{vdw?:grlé}ﬁc \g%ég%r)eversi ng device is positioned above or bel ow said

Gevi o and said rotary 't FaRa3oFREe RE A O Hi REBED. ST Eng URRLTO__
by a |iftemnahieft halgds )t he workpi ece

T4: wafers R and L to be polished (two wafers on
the right and left sides)

10 T5: wafers Rl and L1 after polishing and before
cleaning (two wafers on the right and left sides)

T6: wafers R2 and L2 after polishing and before
cleaning (two wafers on the right and left sides)

T7: the wafer after a primary cleaning in the

15 three-stage cleaning, R side — L side (one wafer)

T8: the wafer after a primary cleaning in the
three-stage cleaning, L side — R side (one wafer)

T9: for reservation

The function of the respective wafer trays are as

20 follows:

The wafer trays T1, T2 and T3 accommodate dummy
wafers which are used for running-in of a polishing pad on the
polishing table. As described above, the three top rings 32L
and the three top rings 32R correspond to the two polishing

25 tables 34L and 34R, respectively.
The dummy wafers R1 to R3 and L1 to L3 in the wafer

trays Tl, T2 and T3 are assigned to the respective three top

rings 32L and 32R. Although it is not necessary to supply a
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cleaning apparatus 5 or 6, and then returned to the

20 original positions of the wafer trays Tl to T3 by the transfer
robots 20 and 21.

The tray T4 serves as temporary placing positions,
one of which is for placing the wafer R or L before polishing
to be transferred from the transfer robot 4 to the transfer

25 robot 20 (or 21), and the other of which is for placing the
wafer R or L before polishing to be transferred from the
transfer robot 21 (or 20) to the transfer robot 4.

The wafer tray TS5 for placing the wafers R1 and L1
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be polised and the wafer trays T5 and T6é for the wafers after

polishing and before cleaning.

25 As shown in FIG. 23C, the third position is the
uppermost position of the tray unit. In the third position,
the transfer robot 20 and 21 can access the three-stage of

wafer trays, i.e. the wafer trays T7 and T8 for the wafers

71



FPQV} xsnid_Z] c]]]ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJcalcalcalcalcalcalcalcalcalcalcalcalcal!Cl _4 -4 BET 7003
FPQV} xsnid_Z] c]]]ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJca] ca] ca]ca] ca] ca] ca] ca]ca]ca] cal]calca =U{Y8

k, $109®: ?& ()-! X, $10%&' ()-! 3Y #10%&1()-K‘10%&f()-!,FlO%&f(); I

109&’ ()-4@% k&ppPEinapvacleaningogn (Fhe thogerstage104a23ngy aRdRtpg-
y1l09%&' ()-Gd JKL}ASH= 10 10 109S; 10%& ()-s6! 10%& () -

4109& () -!vahes gogay IF 1503 XeB6THRLPY - f L[ Hn

2X6SH-LSSS10 () -3 SERI00E (0 310 SEROYE Ll Y BAE (ls PLESEIge (-

robot 4 cannot access the wafer trays of the wafer station 90
5 (there is no need to access). In the wafer trays T5 to T8 (or

T9), five faces are surrounded by a resin plate, except for a
face through which the transfer robots 20 and 21 access the
wafers. In the face through which the robot accesses the
wafers, there is provided a shutter 401 which is vertically

10 closable and openable by an air cylinder 400, and is opened
only when the robot accesses the wafers.

Since the wafer trays TS5 to T8 (T9) are temporary
placing positions for placing the wafers until the wafers
which have been polished are transferred to a subsequent

15 process, there are provided nozzles 96 for spraying pure water
or chemical liquid on the front and backside surfaces of the
wafers so that the wafers are prevented from being dried,
voxide films are prevented from being formed on the surfaces of
the wafers by surrounding air, and the surfaces of the wafers

20 are prevented from being etched by the polishing liquid or the
cleaning liquid. In all of the wafer trays, there are
provided  sensors for detecting whether there is a
semiconductor wafer or not in each of the wafer trays. Three
drain pipes are provided in the wafer tray unit for draining

25 pure water and chemical liquid which have been sprayed on the
front and backside surfaces of the semiconductor wafers. The
first drain pipe is connected to the wafer tray T9 located at

the lowermost position to serve as a draining pan for the
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10]]; 10! NFagh®ogR st stEppognit. 18heoseprid t J03dn (pipe SkS1atka¢hed
ySESL0%& (Ui 1 8NdE! bortidn' SeP 0 drer 'chay T8 44 drals’ vaste water
from the wafer trays T7 and T8. The third drain pipe is
connected to the lower portion of the wafer tray T6 to drain
5 waste water from the wafer trays T5 and T6. The wafer trays
Tl to T4 have no draining function because they are used in a
dry atmosphere.
The reason why the draining systems are separated
in the manner descrived above is that if pure water or
10 chemical liquid which is used in the wafer trays T7 and T8 for
placing the wafers for the three stage cleaning and the wafer
trays T5 and T6 for placing the wafers after polishing and
before cleaning is different from each other, two kinds of
chemical liquid are prevented from being mixed with each other
15 or pure water and chemical 1liquid are prevented from being
mixed with each other. The three drain pipes may be connected
to a main drain pipe. Alternatively, depending on the kind of
chemical 1liquid, the three drain pipes are separately
connected to discrete plant drain utilities. Further,
20 regarding chemical liquid treatment, the drain pipes may be
connected to chemical 1liquid regeneration equipment or
chemical liquid drain pipes in view of chemical properties.
At this time, the same pipe may be used for chemical liquid
having identical or similar chemical properties.
25 Next, the cleaning apparatuses in the cleaning
chamber will be described below.

0Of the cleaning apparatuses incorporated in the

polishing apparatus, the cleaning apparatuses 22 and 23 have a
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10%& () - 1Sg¥i£gﬁgé£?yé%égggnggfﬁéﬁgﬁSYZbout its own axis and pressed
against a semiconductor wafer to clean the reverse side of the
semiconductor wafer. For cleaning the face side (polished
surface) of the semiconductor wafer, the cleaning apparatuses
5 22 and 23 may have a roll type cleaning mechanism for rotating
and pressing a roll-shaped sponge against the semiconductor
wafer, or a pencil type cleaning mechanism for rotating and
pressing a hemispherical sponge against the semiconductor
wafer. Either one of the two types can be selected. Further,
10 a megasonic type cleaning mechanism for c¢leaning the
semiconductor wafer with a cleaning liquid to which ultrasonic
vibration is applied may be added. The cleaning apparatuses
22 and 23 serve mainly to remove particles from the
semiconductor wafers. Regardless of the type of the cleaning
15 apparatus, each of the cleaning apparatuses can supply three
or more kinds of cleaning liquid to the face (polished
surface) and reverse sides of the semiconductor wafer. The
cleaning liquid may comprise pure water.
Each of the cleaning apparatuses 5 and 6 is capable
20 of rinsing the reverse side of a semiconductor wafer. For
cleaning the face side of the semiconductor wafer, the
cleaning apparatuses 5 and 6 may simultaneously conduct
cleaning by the pencil type cleaning mechanism for rotating
and pressing a hemispherical sponge against the semiconductor
25 wafer and cleaning by the megasonic type cleaning mechanism
for cleaning the semiconductor wafer with a cleaning liquid to

which ultrasonic vibration is applied. Each of the cleaning

apparatuses 5 and 6 can supply three or more kinds of cleaning
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water. A stage for chucking a semiconductor wafer may be
rotated at a high speed, and has a function for drying a
cleaned wafer.

Instead of the megasonic type cleaning mechanism,
each of the cleaning apparatuses may have cavitation jet type
cleaning mechanism utilizing a cavitation effect in which a
cavitation is applied to a cleaning liquid because it is as
effective as the megasonic type.

As shown in FIG. 1, the cleaning apparatuses 5, 6,

22 and 23 have respective openings associated with respective
shutters which can be opened only when the semiconductor
wafers are to be introduced therein or removed therefrom.
Each of the cleaning apparatuses 5, 6, 22 and 23 has a
plurality of cleaning liquid supply lines associated with
constant-rate flow valves that can be controlled by an air
pressure. With the constant-rate flow valves combined with
electropneumatic regulators for controlling the air pressure,
the flow rate in the cleaning liquid supply lines can freely
be established from a control panel. Cleaning liquids
supplied to the cleaning apparatuses, and cleaning processes
and cleaning time therefor can be set from the control panel.

Guides are mounted on a base of the cleaning
chamber (area B), and the cleaning apparatuses are mounted in
the guides, so that the cleaning apparatuses can easily be
replaced with different type cleaning apparatuses. There are

provided positioning mechanisms for placing replaced cleaning
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reference to FIGS. 24 through 58.

5 Software is incorporated so that all units or
devices can be freely combined and set in the processing
routes of the semiconductor wafers in the polishing apparatus.
For example, there are the following four routes:

(1) parallel polishing and two-stage cleaning
10 Three wafers are sequentially taken out from the
wafer cassette and transferred to the polishing table 34L to
polish them. 1In parallel, next three wafers are sequentially
taken out from the wafer cassette and transferred to the
polishing table 34R to polish them. After two sets of the
15 three wafers are polished, they are transferred to the two
cleaning apparatuses successively to conduct the two-stage
cleaning.
(2) parallel polishing and three-stage cleaning
Three wafers are sequentially taken out £from the
20 wafer cassette and transferred to the polishing table 34L to
polish them. In parallel, next three wafers are sequentially
taken out from the wafer cassette and transferred to the
polishing table 34R to polish them. After two sets of the
three wafers are polished, they are transferred to the three
25 cleaning apparatuses successively to conduct the three-stage
cleaning.
(3) serial polishing and two-stage cleaning

Three wafers are sequentially taken out from the
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the wafer station 90 (wafer tray T8) — the rotary transporter

27R — the polishing table 34R — the rotary transporter 27R —
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should be understood that various changes and modifications

may be made therein without departing from the scope of the

15 appended claims.
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2, A polishing apparatus according to claim 1,

20 wherein each of said top rings is connected to a carousel
through a swing arm, and is angularly movable by said swing
arm to a polishing position on said polishing table and a

loading and unloading position on said rotary transporter.

25 3. A polishing apparatus according to claim 1,
further comprising a second polishing table provided adjacent
to said polishing table;

wherein when each of said top rings is located at a
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swing arm to access said second polishing table.

5. A polishing apparatus according to claim 1,

10 wherein each of said top rings is connected to said carousel
through a swing arm, and is angularly movable by said swing
arm to an overhanging position in which the workpiece which
has been polished projects from said polishing surface to
cause a part of a polished surface of the workpiece to be

15 exposed.

6. A polishing apparatus according to claim 1,
further comprising a reversing device for transferring the
workpieces to and from said rotary transporter and reversing

20 the workpieces.

7. A polishing apparatus according to claim 6,
wherein said reversing device is positioned above or below
saild rotary transporter, and transfer of the workpiece between

25 saild reversing device and said rotary transporter is conducted
by a lifter which holds the workpiece and is vertically

movable.
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a carousel for supporting said top rings and
indexing said top rings;
a plurality of cleaning apparatuses for cleaning
the workpieces which have been polished;
10 a transfer mechanism for transferring said polished
workpieces between said cleaning apparatuses; and
a workpiece station having workpiece trays for
holding the workpieces in a standby state while the workpieces

are cleaned in a plurality of stages through said cleaning

15 apparatuses or before the workpieces are cleaned.

9. A polishing apparatus according to claim 8,
further comprising a cassette for housing a plurality of
workpieces, said workpiece station being disposed between said

20 polishing table and said cassette for holding the workpieces
to be polished in a standby state before the workpieces to be

polished are transferred to said polishing table.

10. A polishing apparatus according to claim 8,
25 wherein said workpiece station has a workpiece tray for
holding at least one dummy workpiece used for running in the

polishing apparatus before polishing regular workpieces.
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a carousel for supporting said top rings
10 and indexing said top rings;

a pair of —rotary ‘transporters, the rotary
transporter being disposed in a position which can be accessed
by said +top rings and having a plurality of portions
positioned on a predetermined circumference from a center of

15 rotation of said rotary transporter for holding the
workpieces, said rotary transporter having an indexing
function for indexing said plurality of portions; and

a pair of pushers, the pusher being adapted for
transferring the workpieces between said rotary transporter

20 and said top rings.

12. A polishing apparatus according to claim 11,
wherein each of said top rings is connected to a carousel
through a swing arm, and is angularly movable by said swing

25 arm to a polishing position on said polishing table and a

loading and unloading position on said rotary transporter.

13. A polishing apparatus according to claim 11,
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further comprising a second polishing table provided adjacent
to said polishing table;

wherein when each of said top rings is located at a
predetermined position, said each of said top rings can access

said second polishing table.

14. A polishing apparatus according to claim 13,
wherein said each of said top rings is connected to said
carousel through a swing arm, and is angularly movable by said

swing arm to access said second polishing table.

15. A polishing apparatus according to claim 11,
wherein each of said top rings is connected to said carousel
through a swing arm, and is angularly movable by said swing
arm to an overhanging position in which the workpiece which
has been polished projects from said polishing surface to
cause a part of a polished surface of the workpiece to be

exposed.

16. A polishing apparatus according to claim 11,
further comprising a reversing device for transferring the
workpieces to and from said rotary transporter and reversing

the workpieces.

17. A polishing apparatus according to claim 16,
wherein said reversing device is positioned above or below
said rotary transporter, and transfer of the workpiece between

said reversing device and said rotary transporter is conducted
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