;e3e)""#TUXD&JI(6(T)a ~ ,~~m W4F6RpCLI SHI NGAPPAR4AT115 The present
*| nventi on rel ates general I y to a wafer polishing 5 apparatus, and nore

" particularly to a wafer polishing apparatus which is used with a chenical
mechani cal polishing (CW) nethod. According to a conventional wafer
pol i shing apparatus used with 10 the CW° nethod, it is difficult to
directly detect the stock renoval of theqwafer during pol RBWiUAG;2082d t hus,

t he stoc the wafer is controlled by managi ng a polishing tine.
For thism @m m‘lm% mry wafer is polished at regular intervals to find the
stock re g rdance with the polishing tinme, and this stock renoval
I S conpar ed *a nodel | the difference

bet ween t s within themsﬁﬁmgﬁl@@mﬁ i ng continues, and
if the di wmﬂ’ﬁ’ mmﬂmmﬁeds the pernmissible level, the polishing is stopped
to dress e polishing pad. The wafer polishing apparatus

di sclosed in *ﬂieopranese Patent 20 Provisional Publication Nos. 6-79618 and
8- 229808 adheres the waf erBATIEGRAOTING R PRVENTRE)Nr essure force to
the carrier to press the wafer against the po I shing pad, thus polishing
the wafer. According to another conventional wafer polishing apparatus used
with the CVWP nethod, the air is supplied into a space between the carrier
25 and t he vvaE&ld_Qﬁ.rﬁhﬁlmeer is polished while it is pressed against the

2 25 June 2002 poli ad. Since it is difficult to directl d%tect t he
stock renoval of the Fserithé“‘éeé‘ﬁ’é’& refatesc neREY niR et ten RRlRIng ¢ he

The out putS of AHAAGE eﬁfl e YGiFhulteS ¥ BACDRRIHIAS peiit RBiCERS, °

Thus, the stogk Py itPYRmtfal TiehARIG! pbAsiRETEMP) kithsgct! Y-

Descrinti  Related A
According to a conventional wafer polishing apparatus used with
10 the CMP method, it is difficult to directly detect the stock removal of the
wafer during polishing, and thus, the stock removal of the wafer is
controlled by managing a polishing time. For this reason, a dummy wafer
is polished at regular intervals to find the stock removal in accordance
with the polishing time, and this stock removal is compared with a model
15 stock removal as a basis. If the difference between them is within the
permissible level, the polishing continues, and if the difference exceeds
the permissible level, the polishing is stopped to dress or replace the
polishing pad.
The wafer polishing apparatus disclosed in Japanese Patent
20  Provisional Publication Nos. 6-79618 and 8-229808 adheres the wafer to a
carrier, and applies a pressure force to the carrier to press the wafer against
the polishing pad, thus polishing the wafer.
According to another conventional wafer polishing apparatus used
with the CMP method, the air is supplied into a space between the carrier

25 and the wafer, and the wafer is polished while it is pressed against the



The conventional wafer polishing apparatus, however, cannot correctly
‘detect an end point (a target value) of the stock renoval because the stock
" renoval of the wafer is controlled by managing the polishing time. 10 Since
the conventional wafer polishing apparatus polishes the dummy wafer to
determne the timngs for dressing and replacing the polishing pad, the
yield of the wafer is deteriorated. Mre@ver, since the nddumnegBP2shing is
stopped while the dummy wafer is polished, the throughput is |lowered. 15
According to the polishing apparatus disclosed in Japanese Patent

Provi sional Publication Nos. 6-79618 and 8-229808, the carrier presses the

such as pol 1 SORGTHE Bl o SR TR o AirelP Rt R A0 L8 Bdlafe ' °

force cannot e t ' teb® thRenSMd : 0 and
the entire St}pgg’giﬁg’fth?hmghﬁggg? ecannotemge ‘E‘Eﬁf gﬁggﬁﬁﬁf oer nﬁl.e\f%:@}t%%ng to

the conventi diwly wlftke wafet polishingpappatws tding thediaei] anthbie durpt oenoval
of the wafer with the body of the wafer polishing apparatus being a basis,

the body is ehpasedser isyregerntedms the dteckyeerapualeof therwafer: hdhps) ihehstock For
this reason, if the novenent 25 anount of the carrier is detected, the
stock remdvalregioval @i ke dratenisdateded ddierdte correctly. Thus, the

pol i shi ng end poi nt,of the fer, cannot be detected correctly. 25 June
D002 SUMVARY. F THE AT PERORle AIEL cPRISIHOEnEPRATa NS IHOKSY STe e BEE
under the abo ] r . e [ | t Vi si on
of a wafer 5 %ogffcs?ﬁ{ %gt%gtp%%re gp [@H %@cﬁrgéqganlﬁ@s?g&lgu §%§Pélr§§fl?ly@eg:g§ é?m ne
the timngs f e HHVANGfT 8R! wafdrYisacditdlsdd & i

pol i shing. det?’gcét%g}%gg??)shi ﬁ’é e aLetils g IR B9 el HE iR ol g%%ol i sh
the entire suifjmece of the wafer uniformy and detect the end point of the
stock renoval . To achieve the above-nentioned object, the present invention
is 10 dirlécted to tJiacewther cppvéntinnag wpfeir polishingi epparatuss polishesafthe
against a rotating polishing pad,to pol|sh the syrface of the wafer, the
waf er pol i shiﬁ&ngﬁbﬂ%ﬁeﬁstocgﬁtﬁfmgi%éhe JiBHIESY g‘?foaéﬂss’d’ét ard i1eplacing dhe or
detecting a stock .renmoyal, of. e fer. stqrage negns for containing a
nodel stock rB Pg&adth@xbsﬁfg?fﬁf‘?%@%‘%gﬁ%gl%&eﬁ- a polishing tine; 15
control neans for b 30 : enoval
detecting neans angqﬁgé‘}%ﬂsélbggtt%%Esi:rg?rgegyéﬁsl%l gﬁggﬁi@q? ﬁyéhfsl?gtrliggﬁhrr% ns,
determ ni ng tywatdrds podished ahsithihudhgut Bolosadrsd. sai d polishing pad in

accordance with a different between the stock renpvals, and outputting
det er mi natt3 on resulAscording b $ipd pyliskiagsapparatebaiscigsadim Japanese Patent
Provisional Publication Nos. 6-79618 and 8-229808, the carrier presses

the wafer directly against the polishing pad. If there are some foreign

matters such as polishing dust between the carrier and the wafer, the

pressure force cannot transmit uniformly to the entire surface of the wafer,

20 and the entire surface of the wafer cannot be polished uniformly.

According to the conventional wafer polishing apparatus which

detects the stock removal of the wafer with the body of the wafer

polishing apparatus being a basis, the body is expanded by heat which is

generated during the polishing. For this reason, if the movement

25 amount of the carrier is detected, the stock removal of the wafer cannot be

detected correctly. Thus, the polishing end point of the wafer cannot be

detected correctly.



20 determ nation results output fromthe control neans. To achieve the
above-nenti oned object, the present invention is directed to the wafer

" polishing apparatus which presses a wafer against a rotating polishing pad
to polish the surface of the wafer, the wafer polishing apparatus
conprising: a carrier for holding the wafer; first 25 preigin% s for
pressing the carrier against the polishi pad; pressure rJung f or m ng
means for formng a pressure air |ayer between the carrier and the wafer
and transmtting a pressure force fromthe first g. 25 June 2002 .
pressing neans to the wafer through the pressure air layer; a retainer ring
whi ch encl oses the periphery of said wafer and hol ding the wafer; a
pol i shed surf g j USt NE L ng.fQr..encl osing the periphery of said wafer,
the polished S e NYERTEINwe| | as the wafer coming into 5

V) & JHE INVENT]
PN s e Tk
pol| shi 19, paTycst el ERERNRL I8k eaha IATEANS AFIBLOGIAROR o BSGalA ™!

the stock g e:’rghsﬁghﬁgt SpRErRYwhith BLASIK theMyRatiesl ¢ HetdthilBINS tTRREes a

10 preset target value. To achieve the above-menti oned object, the present
invention is dorérissihgt and teplaeihgra polistihg padaluphigancsnalipalishixg sdegscta

waf er against a rotating polishing pad to polish the surface of the wafer,
t he waf er pol agilishingeadaqaist obilpe waiferycomeatdy, randr pdlish thel efitirg sunfaceaf er ;
pressing 15 neans for, pressi the carrier agai.nst_the | i shing pad,
pressure air P%@f‘r%ﬁ?l&l@rﬁ&g{r@ deteeldthg; RP‘B?%%&’&S&&% FEMEXEr bet ween
the carrier and the fer_an ransmtti.n re for from.he. first
pressing neans to twm%‘% ?%}‘ ﬁaﬁeﬁgtb&g?sgﬁﬁégmgl %’%gﬁ H‘VF@QPn‘ér ring
provi ded t si i s i h S he
retai ner ?(?Ingldg‘%cﬁ)%agtfgﬂﬁwgf?h &ﬁ?ﬁé%ﬁﬁglﬁa}@?ﬁu%ﬁ%%%e&?@% ?éﬁﬁagé}ggg}sﬁaer; a
pressing menbestapingy P‘éﬁ@hﬁigt yadetd holisht e SurfacBJof tHe Phafedhaowaist the
pol i shing pad; and stock renoval detecting neans provided at the pressing
menber and pr polidkihgwi apgpazatasntaniprishig: h stowkegemoval cdetteting wirehns: farver se

side of the wafer pressed against the polishing pad through the 25 pressure
air layer, st delectiagpeftocletremoraly ofghasvalsrestorage memmsclor reomyiaing R t he
wafer in accordance with a noyenent anpuni of the contact. ..5.25 June 2002
To. achi ove. & nECRRIVEOHK Te Ml CleecRarstne frestdiace Rilhe: Ralishit 0 eq t o
t he waf er ,pol i shi i I j ol

he, vt er 1801 cBkag, ARRAL PoH SMHAINEIAS 352 A0S RURAS o i Bldch

appar at us CONREPAD defe @il IEar{sOnAOt Rebddlestdek Sfemdia St InMaRNs for
pressing the carrier against the polishing pad; pressure air |ayer formng
means for forgtogge pfeassurdetamtinimy etimiegsvdfon diessingr anhdr replacibie swialf er
and transmtting a pressure force fromthe first pressing nmeans to the

waf er through pn%xshp-rgapadmn agcordaagerwith ar diffterentr betivegn ghe statkdrasnoealee t he

carrier and pressed a(t;ai nst the polishi r]? pad, the retainer ring,
and outputting determination resulfs; and display means for showing the

20 determination results output from the control means.
To achieve the above-mentioned object, the present invention is
directed to the wafer polishing apparatus which presses a wafer against a
rotating polishing pad to polish the surface of the wafer, the wafer
polishing apparatus comprising: a carrier for holding the wafer; first
25 pressing means for pressing the carrier against the polishing pad; pressure
air layer forming means for forming a pressure air layer between the

carrier and the wafer and transmitting a pressure force from the first



10 preventing the wafer fromjunping out fromthe carrier; a pressing
_menber provided outside the retainer ring and pressed agai nst the polishing
pad; and stock renoval detecting neans provided at the pressing nenber and
detecting a relative displacenent of the pressing nenber and the carrier,
the stock renoval detecting neans detecting a stock renoval of 15 the wafer
in accordance with the relative displaceaent. According t@5thumest(ent.
i nvention, the stock renoval detecting nmeans detects the stock renoval of
t he wafer during the polishing, and the control neans conpares the stock
removal detected by the stock renoval detecting nmeans and the nodel stock
renoval stored in the stO{a e nEﬁnS 20.The control.nfans.deternines t
SaBhg PR FEIP

he
tinmngs for dPESYPESIEHNS 1% %u%h) SRRy p Y SFRIEEMG th a
di fference wyh: T ' j yl shown on
1 erence Wi entiaek ETRAbRery TBP SR} SHARFOROLARY! 43, BafesPn
timngs for dislsHeA%kufttel R LAY rifdefd? FncR¥ing tHage ibldrp GftshRi Watdyal
polishing. According to the pressure 25 air layer fornming neans forns a
pressure air thaypolidfetdweerfathedjastmieat rangl as hwellbedsethe anndet kemingdato e
force is transmtted fromthe f,irst%f)ressi ng neans to the wafer through the
pressure & r ¢anfaet withpthes polishingepast; segandpressing means foogressing seid shi ng
pad. If there is sone foreign ters such as polishing dust between the
carrier and tISEAIREF BAE acnﬁiethsrr&ﬁwg SPBéE"eaéJé‘ﬁt’Bﬁ?tf%?%ﬁ aipst Eheamlﬁﬁmged from
the first pressin ans to, th ntire surface of the fer. Thus. .the
entire surladABirtoRk YAl defreiRepeatn iy Arierting A st08k Kegral RE S t ne
present invengilan, i i i adi ring
i oh comss 1Rt ShRRtdl R FEpbBRRE WIARARE bR ER WhaT e [
second pressigigckRaffovalidetdded Ny Hees®ekerehvat detediii BRlahs eschryrd ace
adj ustnment ring which presses thé polishing pad to thereby prevent the

pol i shi ndQpadprfesentargetivaguat the periphery of the wafer 10 and make uniform
t he pressure which the polishing pad applies to the wafer. According to the
present invention, Thacsieysktheepbuva-meatioaed mepinetaibe puesant snvertien atk

| of the. wafer during. the polishing, and th trol .oyt put
the pol i shi ngdrcieditg e Wafef RYLSRINELRPRATRNG W BISSHOR STikaBURTA

detected by t ck al.. det ect . a C egel et
val ue. Thus, ﬁ%ﬁgdg%%%ﬁgo#)a?hgg gogcg ﬁgngégpg%agr?&é ng?ﬂeag’t e (%arar%gct ly.
According to qu?a' ¥mHsingh b IS
provi ded at t (gﬁspl?felgm gr?rtgrgrber %?lg% ?s&tﬁlﬁgﬂ;glﬁﬁglgﬂ%gg ?ﬁteféggxpoi |%hi ng
pad with 15ne wiehas ,foﬁPﬁbs&h% tenéatier afainbethe! gulichispud) p@sgmtaiﬂ&g@ans
comes into contact with the reverse side of the wafer to directly detect

t he stock renforatingfmedns foxfformigs agpaesshee sirdayeratwean tid camieraafidhe i s
detected with the polishing pad bei ngq t he basi s, ﬁhe% pol i shjng end poi nt of
the wafer canWgéeiRR@ FRGTHEING &t PEFSSUTR TORFSs Tiogs dhe dHat PesingsmeRRs fRmber

postt 1 on basi ek MR8 B Herf BHolIEE & Fe BT ild sl i Bindong (o
the present ipgyenbirQ8y Jdf Fe&eY M@alRIP@E pdlishing pad, the retainer ring
20 preventing the wafer from jumping out from the carrier; a pressing
member provided outside the retainer ring and pressed against the
polishing pad; and stock removal detecting means provided at the pressing
member and provided with a contact which comes into contact with a
reverse side of the wafer pressed against the polishing pad through the
25 pressure air layer, stock removal detecting means detecting a stock
removal of the wafer in accordance with a movement amount of the

contact.



7 25 June 2002 arranged outside the retainer ring in order to prevent the
wafer fromcolliding with the pressing nenber during the polishing. For
" this reason, the pressing nenber can be prevented fromvibrating due to the
collision with the wafer. Thus, the stock renoval of the wafer can be
detected ~ correctly. According to the invention, the stock renoval
detecting nmeans is provided at the presspng nenber which 25Jpnee2602 agai nst
the polishing pad with the wafer, and the stock renoval detecting nmeans
detects the relative displacenent of the pressing nenber and the carrier to
thereby 10 detect the stock renoval of the wafer. Since the stock renoval

of the wafer is detggc W T Lt ol .H:f% ej | S... L he
pol i shing end poi n;ﬁo%sﬁﬁ\gﬁevéfeér%g%ﬁ&ggnge ec@?geﬁ’cg{r.éggé%%).p%i‘ée&g}o& FFg to
the present idy&itd Q8 tht Weafet ?6&816%?1 ar8l@t QEicH $roRass wafaragéhg%dahat
such a position as to detect the stock renoval at 'the 1~ center- of the

waf er. The vilotaingrpdlistine pahgd polistheheesuréiceobftthe waffer, wher wadet he
polishing. According to the present invention which detects the stock
renoval at t hgolishingrapphrathe canfpeising:he catrtarkior drodding e waterpptessingan be
detected correctly. According to the present invention, the stock renoval
det ect i ng 20 BWEaRE fPLpiassing e SaEHes al@ﬁtéﬂgm@ﬂwg\/@ﬁ%mrmu& auri lazer wi t h

e core o eBotblis RYSeldicy hRlel SRR, ol A e By
et ect 0, Tl e S e b TGP AReE e ey o
TherL O, LRSS BROTBTOR ey abor gt S Lo
wi th di amond e icarrieddeandf peessadi against the polishing pad, the retainer ring
10 preventing the wafer from jumping out from the carrier; a pressing
member provided outside the retainer ring and pressed against the
polishing pad; and stock removal detecting means provided at the pressing
member and detecting a relative displacement of the pressing member and
the carrier, the stock removal detecting means detecting a stock removal of
15 the wafer in accordance with the relative displacement.

According to the present invention, the stock removal detecting
means detects the stock removal of the wafer during the polishing, and the
control means compares the stock removal detected by the stock removal
detecting means and the model stock removal stored in the storage means.

20 The control means determines the timings for dressing and replacing the
polishing pad in accordance with a difference with the stock removals.
The determination results are shown on the display means. This makes it
possible to automatically determine the timings for dressing and replacing
the polishing pad during the normal polishing. According to the pressure
25  air layer forming means forms a pressure air layer between the carrier and

the wafer, and the pressure force is transmitted from the first pressing

means to the wafer through the pressure air layer to press the wafer against



. 25 June 2002 This prevents the pressing nenber from expanding thermally
and bei ng polished by the polishing pad during polishing. Since the stock
" renpoval detecting neans attached to the pressing nenber detects the stock
renoval of the wafer with the polishing pad being the basis, the stock 5
removal of the wafer can be detected correctly. According to the present

i nvent.i on, the polished surface adjustneﬁt ring is arrang%@Jﬁﬂegpgg t he
retainer ring, and the polished surface adjustnent ring is pressed agai nst
the polishing pad to flatten the polishing pad. The pressing nenber is
pressed against the flattened 10 polishing pad. This prevents the pressing
nmenber from viberpdlishing padi caf therelisesame foreigmevatteressclohs pbHshiagidist ng
pad. The stock renoval detecting means attached to the pressing nenber is
abl e to corr eeetweedethsceamriss abéhe matew dhe qrressiuevigres cansimifermigitbe e of

this invention, as,we as .ot her objects and advantages thereof, w_.ll be
expl ai ned in "trﬁ’ésrPHFqu%bpﬁbﬂW f?ﬁt Pé?gépgn@@a’@%tq S rﬂ’}éff%‘?ﬁ the Wafeigs, in

i oughout 1 hAEPrq €CUR, S6tfiee of AR PRt Sqh 88 ebAGReRunfiofife, Mg The
_ f Frg. o8 _
o esent | nvent i on: ey O 88 LR R AR Bl U8 PR P oo g e

i nvention; nal sectional view i
first embodi nenfacy adjugtmendtering ok siichcdeadimp donestttwith e Walighingopad hi ng
apparatus in Fig. 1; Fig. 3 is a block diagramillustrating the control
systemin t hewzth thef wafgphndithegeempbpetssmng meBng.adjysts tige pfesdureef2602 Fi g.
4 is a graph in which a nodel stqock renoval in polishing is conpared with

an act ual | y- nehther pelisheskcsurfagepadinstmeny gingswhidy pressesathgrpalishingpadiéo a
| ati bet t h | i shi .pr. d.t.h i time; 5 Fig. 5
2 view of assTErshkBrevEnsie BPNHGE MY Tomadting SRS RenRbery ot Of Wfthad
i toth R : . . ti '
o ock T ertal Tabdnfke Uifbroh e fteRiRe dseR RO QiSkth B AL aBEIVERY T g
the second enfggdigrent of the 10 wafer holding head;, Fig. 8 is a
| ongi t udi nal sectional view of the wafer holding head along line 8-8 in

Fig. 7; According to the present invention, the stock removal detecting
means detects the stock removal of the wafer during the polishing, and the
control means outputs the polishing end signal to finish polishing when

15 the stock removal detected by the stock removal detecting means reaches
the preset target value. Thus, the end point of the stock removal can be
detected correctly.

According to the present invention, the stock removal detecting
means is provided at the pressing member which is pressed against the

20 polishing pad with the wafer, and the contact of the stock removal
detecting means comes into contact with the reverse side of the wafer to
directly detect the stock removal of the wafer. Since the stock removal of
the wafer is detected with the polishing pad being the basis, the polishing
end point of the wafer can be detected correctly. In this case, the

25 pressing member is prevented from being polished or deformed in order to
serve as a position basis member (a zero point member) for the contact.

According to the present invention, the pressing member is



Fig. 9 is a longitudinal sectional viewillustrating the third enbodi nent
of the wafer holding head; 15 Fig. 10 is a |l ongitudinal sectional view
“illustrating the fourth enbodi nent of the wafer holding head; Fig. 11 is a
| ongi tudi nal sectional viewillustrating the fifth enbodi mrent of the wafer
hol di ng head; and Fig. 12 is a view illustrating the structure of an
infrared 20 interference apparatus provided in the wafer #NEN@@0R8ad in
Fig. 11. This invention will be explained’/in further detail by way of
exanple with reference to the acconpanying drawings. Fig. 1 shows the
entire structure of a wafer polishing apparatus 25 according to the present
i nventi on. 10 25 June 2002 As shown in Fig. 1, the wafer polishing
apparatus 10 b p6eyisladidsi i fefaitid? fiabl @ bdane ?r\eaé&r thohetifBe fhemd 14.
The turn table 12°7s di sc-shaped, and pdlishing pad 16 is attached on the
top of the tuesllidihfevitl? the*prgsing meﬁ&ecdnmﬁgtmetp@litshﬁlgbotﬁmhis‘ reaben,t urn
table 12 and an 5 output shaft (not shown) of a motor 20. Drivi n% the notor
20 rotates ththa prassinghmeniiseri ¢ant be paeveated drom vibrasingddusytoatheagalbision, and
slurry is suppl.ied onto_ the_polighin ad 16 of e rotating . turn table 12
through a noz#igh (ﬂh%tw%fﬁévmﬂ)rﬁuﬁk ﬁ?ef Fﬁ%ﬁg "&H&%‘f:‘gﬂén‘(ﬁnwf%rhﬁ’k}ﬁ)bei detesisol e of
novi ng t he-.waf er hﬁ{,di ng head 14 vertically. The wafer hol ding head 14 10
is noved BHC5 Waf er subject for polishing is set in the wafer holding

head 14, and the wa di h.S 3 & {snst
t he polishing pad 1%%33@%}1?&2%\?2? gl?exihgo%otlhi@g%gg‘.{ Q%yﬁgﬁfgbgﬁfgﬁai@tgﬁg nal

sectional Vi ewr@fideleatniecpreising p@niteadwhith Fhpreseécnghinsditng podisinks i s
conprised mainly of a head body 22, a 15 carrier 24, a guide ring 26, a

pol i shed surf pad withuttererafer,iangl #& swolt Emovdedetstierg rB€ansTHetehsathebody
22 is disc-shaped, and a notor (fnot shown) connected to a rotary shaft 32
rotates the haelativedgisplacemenh@idihe RIEFHASi HAMYSE dddbiheasaraier g theremyy
supply passages, 34, .36 are forned i.n.the headbody 22. The air su

pacbaye” 340 oxCBHI e TREC Z6TATEL G VARE WHBE HEY SHoig Faar A lae

i ndi cated by | t ' La: F G sl IR o]
passage 34 COF\]/‘(F;]H;%E gspﬁ %égg&aﬂhp@mﬁ&dg;@é%:bg“g glgg%iszli’g?e ?%‘S@fél‘ﬂmﬂm air

suppl y passageod: sRiNRAAfericanbRaickde@edtredlyvi @ a regul ator 38B. The
carrier 24 is shaped substantially like a colum, and it is 25 coaxially

arranged bel ow t he Aeadrdingyt?the Aresentdnecbon,sthieostoekl mmaved dededating of
the carrier 24, and the concave 25 contains a perneable porous board 42. An
ai r chanmber 2meanss isrpasyidadent such p@Osiitomhan £l datect the stogk remevabebdheand

the air chanmber 27 c nicates W th an air suction passage 44 fornmed in
the oarrids 2EETRicOLINE Baeeh o HoLDigRonIS i Tttt BR% Reten Of (o YRt ne
waf er hol di ng 4 4. ndi_cat : : i i N
Fro. 2, and | Chi s BOUSARECT RPeoting B (AT proRit inFd B il B J
punp 46 causeshkResdkofemGvA ARl dente of BROWATNNROEK réifloval dfftBie RRAfePM
t hereof . The porous board 42 has a nunber of vent holes therein, and it is,
for exanple, aanity detedtddochredtlya ceranic material .
According to the present invention, the stock removal detecting
20 means is the differential transformer which is provided with the core and the
bobbin. Thus, the stock removal of the wafer can be detected correctly.
According to the present invention, the stock removal detecting
means is the light wave interference apparatus. Thus, the stock removal

of the wafer can be detected correctly.

According to the present invention, the pressing member is made

rJ
wn

of material which is difficult to expand thermally, and the contact surface

of the pressing member is coated with diamond or is made of ceramic.



A nunber of air supply passages 48 are fornmed in the carrier 24 10 (Fig. 2
shows only two air supply passages), and jetting holes of the air supply
passages 48 are formed in the bottomof the carrier 24. The air supply
passages 48 extend to the outside of the wafer holding head 14 as indicated
by long and short alternate lines in Fig. 2, and the air supply passages 48
connect to the air punp 40 via a regul at 38C. The 15 cofgdrlansedoai r
supplied fromthe air punp 40 via the regulator 38Cis jetted to an air
chanber 51 between the porous board 42 and the wafer 50. This forns a
pressure air layer in the air chanber 51, and, therefore, the pressure
force of the ﬁ%%éier 24 i s transnittedbto the wafeyr, 50 through the pressure
air layer. Th pegvers ithe pressing) megabsrsironh expandingithgrmally red bangs
there is some_dus tween the.carrier .24 and,the er 50 when the carrier
24 presses 1 neoiaresd ByCRa AT P! EEREAIoHTE rSuceqhe shrrematale
force of the =Y n tya 1 nj y ngi.r
surface of thgg\f/?/:’gpgfg ?géeﬁ%r g@éf:lﬁe;d tthe%m%ﬁé%ggﬂngae%@é S%Eeéscyuﬁgga%tlpcﬁayer
makes it possibhBvAP ofMtB8SWhfert WRhPMRS ﬁﬁliﬁ%gﬁ% Béinghﬁleceﬁs%,egqe2§‘totcfa 25
the entire surface of the wafer 50 evenh i f there is Sone dust between the
carrier 245andembealof the whfer tan beadetectbdcdiregtiiead 14 controls the
pressure force against the 12 . 25 June 2002 carrier 24 to nove the
carrier 24 vertical Agcorhidgcdnt rtbes prasenjolingemtion,prtbes padishedt sarfamter 50
(the force whicgh presses the wafer 50 is, pressed, agaiinst the polishing pad
16). For thi s aABSEBRNt TS dberamgeds outpidlepthe &iaingt gingsand the rolished t han
the control of the palishing pressure af the 5 wafer,50 b ontrolling the
oresure of ¢ rattgreBOiseRP rRal S teerd pdalfstlng Fotishing 1A 56 Mol e *head
14 is able to e j Shi I : Of ol I'ing
the verti cal Sgglgﬁngn ptgp t ﬁg{écﬁﬁgglrgo iﬁéﬁtﬁfg lgiprr%&\%ﬁi C ﬁ:hétsj?% %%ﬂgféﬁ Epough

the air suppl yobigh 48, PHis prevens®. thé Ssieasiagd midmil9etdFrémV $ibrafingt
shown) whi ch IpSOfOE% in the pol?"ve sﬁé v r [ ral8gA

i shed 10 surfacé adjustnent ring 28
nunber of air Medicallysdpply tipaesagnnesof thHegpolishifppad. onThetstockoferndweat) ar e
formed in the carrjer 24, and their jetting holes are formed in the bottom
of the carri edeestinghaeans atigghsd teupepyessingsmgadesds akledadorrectlyadetentsi de
of the wafer hl%l: di ng head 14 _.as ingjﬁcat ed by long and short 15 alternate
lines in Fig. !3CSE r&&m%&@@&‘gga *is divided into two branches with use
of a valve 54. One branch connects to the air punp 40 through a regul at or
38D, and the other branch connects to a water punp (WP) 56. If the valve 54
opens the branch at the air_puip 40 side ang 0ses. the branch at the water
punp 56 side, the conpreSsdddg (RISIIN QF THIDRAWINGS punp 40 to the
air chanber 51 through the air/water supply passages 52. If the valve 54 is
switched to close the branch at the air punp 40 side and opens the branch
at the walér punp 58hsi aaturehef this inveations aupptll eds f other t bljeatst endpunp

56 to the air chanber 51 throu the ajr/ er. s I assages. 52.
advantages t[]'iCI'GOf, w‘%ﬂ be exp agne\ﬁa}n the ?(?l?ov%inpg wsithgreference to

the accompanying drawings, in which like reference characters designate
the same or similar parts throughout the figures and wherein:

Fig. 1 is a view illustrating the entire structure of the wafer

20 polishing apparatus according to the present invention;

Fig. 2 is a longitudinal sectional view illustrating the first
embodiment of the wafer holding head applied to the wafer polishing
apparatus in Fig. 1;

Fig. 3 is a block diagram illustrating the control system in the

25  wafer polishing apparatus in Fig. 1;



25 A rubber sheet 30 is arranged between the carrier 24 and the head body
22. The rubber sheet 30 is a disc with a uniformthickness. The rubber

" sheet is fixed to the bottomof the head body 22 with support of an 25
June 2002 13 annul ar stopper 58. The rubber sheet is divided into a central
part 30A and an outer peripheral part 30B with the stopper 58 being a
boundary. The central part 30A of- the rulber sheet 30 pred8dsneR@0¢arri er
24, and the outer peripheral part 30B presses the polished surface
adjustnment ring 28. 5 A space 60 is fornmed bel ow t he head body 22, and the
space 50 is sealed by the central part 30A of the rubber sheet 30 and the
st opper 58. The air..su

ply passage 36 comuni cates with the space 60. Wen
the conpressed air 58 gulﬁp? Y ﬁ“ﬁv IR %‘5‘8@8 éﬁ’cih’ie&%‘fﬁﬁtlﬁéoglsﬁl%b%l y
passage 36, t rak: t ) u 30 ILs.al.astically
def or med 10 uérﬁgpg{%tﬁewé}lfagraeczgﬁrl)ghéglggrregsgt%t% ke&?gcg‘}aéf&t héhglésgi 3?‘?2"14.
Thus, the wafgiaphOHcwipbes sadtiondemer R poidrihl ovssirlo the
air pressure %!’aph t he rggul at(%r 38B ceontroF((js)1 theggggéggger éﬁ (g}rﬁggy%%h{%e
waf er 50. Thetimyti ndrical guide ring 26 is coaxially formed bel ow the head
body 22. The guide ri ng 26 is fixed to the head body 22 through the 15
rubber shéet 30. THEgpdlissheiewsof psistane Us explaining the pBessureamwhacty the

bet ween the guide.ring 26 and the carrier 24. Aretainer ring 62 is
attached to tPRIS h&rpaéeﬂﬁpgiﬁélt‘?/ab?wﬁ » | ower part of the polished surface

adjusting ring 28, ,and _t.he retaiper.ring 6 reyents . .the fer 50 frpom
o ing out "0 an ElgnGiSE dribf shgwide A felafioR baIVEHE tiasierk semeralaid pher y
of the head b&gy cﬁ%htlﬁ%ggw}e space 64 is sealed by the head body 22, the

out er peri pheral®* par B 6f the rubber sheet 30, or the like. The air
suppl y passage 34 qugnnicatgianWielw IINBtapRgetRIsecohdNeBsdGRm! §p8iRd ai r

is supplied into the space 64 through the air passage 34, the outer

peri pher dl0 25wpfsrthdGmgheddye rubber sheet 30 is elastically deforned under
the air pressure to press the annular top of the polished surface adjusting
ring 28. This presddg. this adangiswdipak senhonnl view mfl thehwafeshdlding her;cLsti ng

ring 28 14 Zlg JLine § 02 aiﬁznst the abrasive cloth 16. Adjusting the air

pressure cont}oNg »force of the polished surface adjustnent

et octor uhi ch det it 3 Bt o aopeiietBeli RAHBRAL ity PSR IR ehivty
det ect or cons%ﬁbgd%egt éPﬂr%%afz:QhoY&}ggtﬁxh%DCO”posed of a core 66 and a

bobbi n 68, and non-contact sensors U (see Fig. 3) 74 is provided at

the outsixe of the Figfer0 higl i loaghedihal bectlodalt ReewFUubtating Ctheaf@ftlR
detection signal which is output fromthe sensors 70, 72. e bobbin 68 of

t he sensor 70einbodimanhefitheovafes hetdingtheade arm 76 10 whi ch ext ends toward
t haft of t hol di d 14 f he | f f th
ol i shed surf ace ackist hbri® /i WREBITe sEeHeIToVisw { HBSGaHEsy teo h
provi ded at s . I LEQn that ntral,, axis of the core 66 is coaxi al
with the rota @‘%ﬁé‘ﬁ?ﬁt‘%’f&ﬁe‘}”aﬁ?é@ﬁﬁg&\eﬁa’ %?ecgd 14. The sensor 70 detects a
vertical movement agpunysofigt eyl r iffstefing e structure of an infrared

20 interference apparatus provided in the wafer holding head in Fig. 11.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

This invention will be explained in further detail by way of
example with reference to the accompanying drawings.
Fig. 1 shows the entire structure of a wafer polishing apparatus

25 according to the present invention.



1~ respect to the polishing pad 16. A groove 78 is formed in the carrier
24, and the arm 76 is inserted into the groove 78. Al though the sensor 70
"is able to roughly detect the stock renoval of the wafer 50, the sensors 72
corrects a detected val ue detected by the sensor 70 with detected val ues
detected by the sensors 72, thereby 20 acquiring the stock renoval of the
waf er SO correctly. The sensor 72 is a ngy-contact sensor2%déne 280an
eddycurrent sensor, and a detecting surface 72A of the sensor 72 is flush
with the bottom of the porous board 42. The detecting surface 72 detects
the distance to the top of the wafer 50 to thereby detect a variable in

tpi:ig?k?,eiid?t e varksRanr Al dbE vtter Rolish oGl aaratd 10 LPraitedt od by
T2 [ ~ 2 24
dot ectod by tRETCRRGR BRETR and ARl Holblt, A & T iR AURTIF o

In ot her wor dgisclohnER U pbANEINEAIRE 16116 aBhat bRTRY dbp U thBultElle 50

fromthe varia a vement® anount w respec

previousl ystorzd pekpimeile sl 8/ebirect§ad thesbatie®, of thé hernmemsleeI aadvamt
detected 5 by the sensor 70 is Tl and the average of the variabl es detected

by the serfsorsutpdt skaffZnot sleownpokameatov 20. ofDtivimgnditenotd AG:ratates uhat ed in
accordance with the_equation T1+T2, If the npvenent anount detected by the
sensor 70 is tHnaiagle He i dhggdirestiqmdndigatesh bysan Arew e Apd fRIBRASOr s 72

is 0, th K | of f ' | cul. d i d ith
the eﬂha? i 2?%@8%&”«?%@%@%@’?3 a1 et B RoICaBBRAES o'
romoval of -t naowar o ko SRFR ciF e kbR RETRRL Subeh T, Cagalier el "

TL- T2, Accor daid@ i hareniliapRtad SARARENR. SRR Il ol ga at ed

fromthe varia nd the nbpve t anount 15 tected nsors 70,

72, it is|(posiidbeed apdehesta Whsrsubfdet fenpolidhing id bet inaherwdter boldisgt | y.
In the wafer hol ding head 14, the sensor 70 is arranged coaxially with the

rotary shaft béad e, vaafd théovafiencholding head Aldpdsimoved wosve aride psessedr 70
is arranged is equivalent to a pgsition on the cenjral axis of the 20 wafer
50 during theagdnsiiieRplishing padid6 wien g@n‘%&fﬁ)% $hed s the stock renmoval

at the center of t f.er 50, . Dyri olishin e nt,er ;of & h fer 50
vibrates |l ess than Wad‘? ﬁégnﬁﬁ}‘[}@g’agg‘ﬁ}?&a@a}eﬁ bggl?e Wﬁﬁesr,hqlﬂ@gs]i‘?@ 70 can
detect the st V t : F h U 74
connects to aﬁﬁex?gfgr%a ﬁdﬁﬁp%tﬁﬁégﬁ\ﬁg% g? u@%@?ﬁ#%&éﬁlyagf‘g &g&;/%o%gfl g QIZ—'?gm t he
ext er nal lﬂpuéaﬁ&?@@t#?ﬁ?& rine26;P pblishef Si1vace iaﬁjxﬁﬁrﬁ@h! fingi 78l #id A9 a

nodel stock renoval of e waf ér in accordance with the polishing tine.

rubber sheet 30. The head body 22 is disc-shaped, and a motor (not

shown) connected to a rotary shaft 32 rotates the head body 22 in the

direction indicated by an arrow B. Air supply passages 34, 36 are

formed in the head body 22. The air supply passage 34 extends to the

20 outside of the wafer holding head 14 as indicated by long and short

alternate lines in Fig. 2. The air supply passage 34 connects to an air

pump (AP) 40 via a regulator (R) 38A. The air supply passage 36
connects to the air pump 40 via a regulator 38B.

The carrier 24 is shaped substantially like a column, and it is

25 coaxially arranged below the head body 22. A concave 25 is formed at

the bottom of the carrier 24, and the concave 25 contains a permeable

porous board 42.  An air chamber 27 is formed over the porous board 42,



25 June 2002 16 Fig. 4 shows the nodel stock renoval of the wafer and an
actual | yneasured stock renpoval in accordance with the polishing tinme. The
“vertical axis of a graph in Fig. 4 shows the stock renoval in polishing and
the polishing pressure, and the horizontal axis thereof shows the polishing
5 tinme. The nodel stock renoval (a target value in polishing: 5000A)

i ndi cated by | ong and short alternate lines in Fig. 4 is 28tupg 2002h a way
that the polishing pressure within the padlishing time is input with the
external input apparatus 80. Specifically, the polishing pressure fromthe
10 start of polishing to tl is set at P1, and the polishing pressure from
tl to the polishing ending tine t2 is set at P2. |If the abrasive pressure -
is set in thisndaheedir ¢haenissrol® commonlicqes with tart aifesictidipassaieoga t he
start of polishing to tl, and the stock renoval per unit time is small from
tlto t2. In forediintthe gammien 24owdhehar sstctianl passege b dxs¢miskto ehoval 15
with a solid ling when the wafer is polished in accordance with the

pol i shi ngf pr eQuiside odt tll?yh“taiﬁ%rd@ﬂ@ﬂgaheq e a?plﬁéicfit% be'olqngmd@ndbﬁlmtve )
i ri T CPU 74 i
g f;fﬁ;éef o ahtidalt, Hhes e iGe Pngiind: SOTREHS g gaﬁwﬂenmp?wpre 554 §Zd§ loea
i 8 - 0
Stock renval DT SABE e SHFOR Pint 5 GSES R Bpfo s bORTRAR s el ing o ©

det ermi ni ng t {Rfe SXoNtet botidtd efoE. STIRNPoidusashied hi ﬁH@'ahﬁL%ber of

determning the replacing timng. The CPU 74 determ nes whether to continue
pol i shing, dreest holesethesgin, ahé ipds, firi expmple, bésinfdred rrelyl bf lasc&hae on a
display 82 in Fig. 3. 25 The abrasive pressure set by the external input
appar atus 80 maitewdll as the actual stock renoval are stored in RAM 84.

Further, the RAM 84 cont %i ns .t he previously-obtained actyal stock renoval
and historical data® NUMDOE Of @ieSYRRIY RASSRERS 48 tasalforned in thensarnicr Fhe CPU

74 reads e pr.eviousl| y-aobtained .actual stock remowval . fro he lyl. 84,
and compale [iEn 2 Hiavs DR P B SR BREEsr BB ettt PPl atie.dir ch has
j ust been obt glmlg f I { t r I cgordance
with the varia e? ?%gé’gestcg% d}?ﬁ%ﬁ?&hﬁt@é%ﬁ&@er 8 ('c;edgﬁ%’(l?gﬁe ggﬂ%i %ﬁl ng,
dress or repl ggsplysaseasdss rateddtolthe dutdReCHf el wafeﬂﬂdldi_lﬁg KHadery @§ the
operation of the wafer holding head 14 of the wafer polishing apparatus 10
whi ch i s consindicated by lohe aadostertradternmate dimesnineFigu 2, hande thes afrcsuppdy Fi g.

2. 10 After the wafer holding head 14 is noved up, the suctioncgun)igh46 i's
run to absor bpassegeaf4d wmnegbjtecther gir pompthyia ca tegulatero38Choalle 42.

ahor e 1 holbot SOMPAFSSERCAIpSRPRHE ot Hecalich us ik via iy Toilafort i o1

o1 09 e ekl AP ol PR e o S A R iy,

ggﬁ;receisggdt gie;m?slmf%@sﬂhg prassute aid N8er ihhfle dlif cRAMBer81! 8nd UhetofeIRREY the
pressure force of the carrier 24 is transmitted to the wafer 50 through the
pressure air layer. The wafer 50 is pressed against the polishing pad 16.

20  If there is some dust between the carrier 24 and the wafer 50 when the
carrier 24 presses the wafer 50 directly to the polishing pad 16, the
pressure force of the carrier 24 cannot be transmitted uniformly to the
entire surface of the wafer 50. Pressing the wafer 50 via the pressure air
layer makes it possible to transmit the pressure force of the carrier 24 to

25  the entire surface of the wafer 50 even if there is some dust between the
carrier 24 and the wafer 50.

The wafer holding head 14 controls the pressure force against the



air chanmber 51 through the air supply passage 48, thereby formng a
pressure air layer in the air chanber 51 to transmt the pressure force of
20 the carrier 24 to the entire surface of the wafer 50. Then, the
conpressed air is supplied fromthe air punp 40 to the space 60 through the
air supply passage 36, and the central part 30A of the rubber sheet 30 is
el astically deformed under the inner airlgeressure and pred8dsneR80arri er
24. This causes the pressure force of the central part 25 30A of the rubber
sheet 30 to transmit fromthe carrier 24 to the wafer 50 through the
pressure air layer, and the wafer 50 is pressed agai nst the polishing pad
16. The regul gdrgler 338 tedinuot sthe heardier 2o esaivatlyl anthesrtiils thd ARhdune 2002
control the inner air pressure at desired air pressure, so that the
pressure for cpresfurehef thef wafegdG(thierforce whigh prassen thepwdfer6S® énplessed
constant. Then, .the conpressed air js supplied fromthe air punp 40 into
the space 64 2&aiBsigihe hBOléﬁhmguB?fi yléass gk tglﬁ, IgRP hikeogoRiroberfi pier al
part 5 30B of _the.rubber sheet 30 is el astically,defarnmed under t i nner
Bt pressur o POSHBESEuTOS festithEn ESMAGR QR e o g ot fag | e
pol i shi ng ga LSt e.al r sqg..t t he
inner air S'Brg\év;ag?re:i-@g# ggmsrg{lﬁ{gt %‘Z"g?‘?%d&f pIrHeésgﬁérs ge‘frgaﬁgiﬁeg' p(ri(rals(;s}ﬂ%re force
of the poli sh%réggrthaq:eaﬁmhmsdi@n{eaalmiﬁﬁaleqalc@ﬁho_ln?e_E@l'istﬁhggﬂed% 16 1s
10 mai ntai ned constant. The CPU 74 receives the polishihg preSsure fromthe
external i npubf tpwaéért0 Bg dontrolldng thesvertizal pogitibaiof thoearrizdedd. stDigk
renoval . Then, the turn table 12 and the wafer hol ding head 14 are rotated
to start poliainj nghiche isvgetied Sthrougle thet @imalipplyp passagear 48,us+830..cais, set
the 15 polishing pressure just before polishing . or in advance. After the
first wafer 5OSCBasgsd; deush @h&e@p&#zﬁ%@a‘@uwa% 15 fQrmede tik e polishedween

t he actua| sjtoclf of, the fer 50 and the nobdel stock renopval in

accordan ¥ ?cgggé%\é?{rgwtr{bngg . The CPU 74 conpares the _
o A 4 SR SR Rase 2,

and accordi ngly determ nes ther to repl ace

the polishi ngopattrdPareTinictiSinl thel CarHBOM, &idl tHegr jéitsnd A¥le8Zre fbrhé@ ili spl ay
82 shows "continue polishing", an operator continues Tunning the wafer

pol i shi ng apptreabotsorhOof thiei carrippRits hdhet die/wetet suppflppaSéages (52t dxtentd sl ay 82
shows "dress", the waf er_tgol i shing apparatus 10 is 25 halted, and a
[

dressi ng gri ntengutsidepfithe pyafes d@ldiggi head 14aspadicatad by Jang emd shatt ess
the polishing pad 16 for .a preset period of tipge. .Then, .the wafer polishing
hpnar ot usl0 PReTle HnGa iR o2 i SO RES HA ANESARE W6 PEISBes e
2002 . 50. If_t.he. displ ho N ce L.SIH ar at us
10 i's hal ted, “éﬂ‘d“%éiaﬁg‘ﬁl‘g%?%g Sl @%’[chg C?’é‘BF%%gtSWgé%gr ﬁ@#o@eﬂg‘?‘ﬁ . the
waf er poli shi nggﬁ’ﬁ%ta%@, afld itBe DERGHrYALIEE0AR GO RS hWﬁePPhhfﬂ"‘%W?%?&? vaf er
SO0. 5 As stated above, the actual stock renoval of the wafer '50 a t he
preset nodel 3f ttekvabeo§dlopene therranetd at ainel aifhpumprdhgilef and dissesithg and

replacing the polishing pad 16 are determ ned in accordance with the
di fference ~ brameh ati thenwater pumyr 66 sidey theyeomppessed rair istsupplied fromdhpad 16

can be dei(? ' mapregur%gtfg% itﬁg la%ryclgaurrrlﬂ)grgﬂ Qﬁrortll%rhrﬁe aqgll\nja%gri srhgp'ply passages
52. If the valve 54 is switched to close the branch at the air pump 40 side
and opens the branch at the water pump 56 side, then the water is supplied
from the water pump 56 to the air chamber 51 through the air/water supply
passages 52.
25 A rubber sheet 30 is arranged between the carrier 24 and the head
body 22. The rubber sheet 30 is a disc with a uniform thickness. The
rubber sheet is fixed to the bottom of the head body 22 with support of an



10 Fig. 5is a view of assistance in explaining the pressure which the
polishing pad 16 applies to wafer 50 when the polished surface adjustnent
ring 28 is pressed agai nst the polishing pad 16 under a preset pressure
force. As shown in Fig. 5 the pressure of the polishing pad 16, which is
15 generated by pressing the polished surface adjustnment ring 28 agai nst

t he polishing pad 16, reaches the naxi nrum at the outer pelbphery20dR the
pol i shed surface adjustnent ring 28 in dd area LI which the polished
surface adjustnment ring 28 contacts. The pressure of the polishing pad 16
slightly changes at the edge of the wafer 50 in the area L2 which the 20
waf er 50 contacts, whereas the pressure at the other parts of the wafer 50
i's constant. pffglabSeopPert 38 PThe ThBHesshidadds divided! M ta Edriehl ShrPBOYENt S
the polishing pad 16 fromrising at the periphery of the wafer 50. This
makes uni for and e putsssperéplvérak patthB0Bolith ithe gstpppkerl 68 dimihg esbdanddrg. waf er
50, and thus, the entire surface of the wafer 50 can be uniformy 2

pol i shed. Thd&hehienkraéparto30Amaf thefrebbsoshest Blopuessas thdveander 24nand the s
possible to detect a relation between a position where the work surface of
20 25 June 200terpesipheralpad30Bprasses the popshed purachadjuseneniding g8si ti on

T %LIQ?S E e pr esATRAEHE tarmetebelom ﬁ@ﬁl‘p’f@&é‘@’ieﬁ%i@ﬁ%ﬂ»&c%%% 2§:can
| . ) PR

ol | shed” sur Paded Byl FeftFTodt et 87 cifush ) A BRC s hpptl 58

i g, 3 sets e BPlupplf9aBese%6 QonffiniARDUARS U oSRIH Of Wity PR | shed

surface adj ust nent et in a manner to prevent the polishing pad

16 fromrisi agnipredsed aiels ledointd Hee ypicerobBirodgiethe difgupplypdsehge 12
and the 10 wafrer?trhol ding head 14 are rogt/%t ed to stgal?t pol i sﬁ?rr}llgpthe waf er

50. The CPU 34, ¢ht cenatad parh 80t edfktheerabber shieet BO isaélastisdlydeforgned
pol i shi ng@i n accordance with detection signals which are output fromthe
sensors Y@, wadexhmabrHeresswerorpass e ©p ohthanedreier 28, whiush the vwedEeul at ed

b he CPU 7 h | i Fi g. , U l5 74
oﬁttpu'ta s a pogps%?ggesg%‘él? Efgqsfgefﬁiﬁltg(g ?é?é&aﬁﬁé%\?va I Juﬁgmgtstﬂ?er?écf&éﬁpé‘f us 10.
Thi | et t | i shi he. fi f 0, .Th i bed

I 2 oDl U RS b L SR R g e
show ng the end poffg ﬁlidd?fta?égg{?/ge "rtﬁ{ge)}!@'is icBaRRySTriE dbéIdw BfPREAdLO the

polishing time. 20 As ated a stock renbval of the wafer Is
detected, antotlpe2dol ki geidendngLGiigiiled to ot hehd irly 2Rethdetgetieel st ock
removal reaches a preset polishing target value. Thus, the polishing end
poi nt of 15 he rublber shest B@. ddihecpelishuor serfate adjustmentring 8 v esengedai r

| ayer is forned between the carrier 24 25 and the wafer 50 to polish the
waf er 50, andetween theegeide Fiagsdpf ard the ¢aiaehadder AoTdaineHiRg|6XHEd

bet ween 1 ho- Giaehed 18 4R ianen Qeanery 58 1hE To¥eppaiAb b eBIsheA SBESR ng
¢ P g Ui . ]

the pol i shi ng BRATESTIRE8F end (i BReiiR AR S5 Phey Rl She SR SO BBYEY g

appar at us. T'}ﬁgﬁ@f?%%m”g apparatus of No. 9a7613 polishes the wafer which

is held on a g table directly, whereas the pressure air layer is

fornmed bgpween the Apaanhelar 2pace d4tiseformbdrat Ghe iloweheupnl peaiphregy afnheat us
of the present invention. For this reason, these two polishing apparatus

are conpl et elheadi bddy 234 and therspare 6. is\Wealed by thafhead-loodys 2ppthies ettt

t hrough the pressure air layer as is the case with the present invention,

t he pol i shi ngesiphepal partcﬁoﬁmf ther Brbbep sbget BB, 00 thetliks: edl v itesupplyby

usi ng the sensor 70_which detects t(ge di spl aggm& of the carrier 24 and
the sensor 7DPaplEN34coBMENIGHULS Withithe SRR he%@s&f&ﬁ gompresseg af ispi g, 7

is a plan view show.n he seco enbodi pent of a waf.er, hol di ng head ,114.
For B s a IRBHELANTRENS St OREH: (Ta RLrSaSaRs s He 8(es BSrgherly. 7.
The waf erchol dj 4 ' ri h caf.rier
124, a gt?’lsde &rﬂg”%gﬁ gﬂepgﬂlgg%ﬂegh%%r ?gg;eg g@?ﬁ%@%’éﬁ@?ﬁﬁ%ﬁ%aﬁ‘&?gi ner
ring 130, ar | ' i i aétind

pressi ng merrtga{lré ?éjggﬁﬁggé%%g%h%%ﬂggg@ ?ggﬂeﬁgogflgé?%ﬁgﬁadﬁgﬁtén%??l ta8r'y
shaft 238 corMkigtresses the annular bottom of the polished surface adjusting ring 28



to the top of the head body 122. The head body 122 is rotated in the
direction of an arrow B by a notor (not shown) which connects to the rotary
shaft 138. Air supply passages 140, 142, 144 are formed in the head body
12" ?. The air supply passage 140 extends to the outside of the 25 wafer
holdlng head 114 as indicated by long and two short alternate lines in Fig.
8. The air supply passage 140 connects tld an air punp (A5 dume 4082 3

regul ator (R) 146A. The air supply passages 142, 144 al so extend 25 June
2002 22 to the outside of the holding head 114. The air supply passage 142
connects to an air punp 148 via a regulator 146B, and the air supply

12413 shapctbhPRG the crame oel i AdissiRe’i "B Blethyk urdl e heaa
body 122. A GAREAYCIAIRE bife blISNA SR dd)EsBMhiaMpis he carrier 124,

arid the contave pa ta| ns a perne e poro oard 150. The porous
board 150 communi C'ftheSw\A/feirhh@lcrmgals@zaiqelsz!r 1SDrohided aieh foRIRG rémbhal
carrier 124. As indicated by Iong and short alternate lines, the air
passages 152deteceordwhicti deteats sistiecloferhbeallinn polistiing. hdhe stdék remdvihey
connect to the air punp 148 via the_regulator 146D. Driving the air punp
148 causes t detegtor pomsists4s a enser ﬂﬂewﬁmlpnw@mp@ﬁed ohacase sﬁﬁa@@d 1%6

bet ween t he orous oard 150 and the wafer r h the_ air ssages 152
and the poro 9 Bﬁ’ar% 1304 W‘§°F@Fﬁ§eﬁs%ﬁsegé CE’Y_PG()S%@ eEIS t?ﬁe Qpéﬁ:e 156,

a
156 1 hronon PHVBFAGEIRE atRRepeiRe mhfodileik boRd T A Ehu S 255 o
bei ng pr esserRAReh dhE-RAl SRRANIHRAC LR ISR 9 o e

transmtted he pressu al r al r passages’1 connect to
a suction punp (SPrhé%?b‘bm B8AF tﬁe%\éhécﬁhm‘% #dchRd48%he SH loFth& drthrs
switching valve 180 and driving the 20 suction punp 182 causes the wafer
154 to bp) absdiibk@xtendshtewaed austhyastaftléOtheWwefardioddin ghicanddl 4 Edn dise a
nunber of vent holes therein, and it is made of, for exanple, a sintered
body of cerammerstrféadeadf tl@r\pmlltﬂhedtmfadttaadjusmmtsrmgBSped’heutﬂIerGGshf-:et 132
with uni formthickness is arranged between the head body 122 and the
carrier 124. tlzessm@rrm)bseprogvné al@QCh 8 nqsxté@n gt meomBAl &5 Of theeORRad

body 122 by | d | 158 ber .sheet 132
ig Ui vi ded L%SC&Q’H?f lbésgr}lﬁj?éa%& ﬁtﬁﬁtwf?éé‘?@# i??gbl bt ?eﬁ t he

Tt medi ate S3AR TE58e6HE 2 9guREl Hafe ﬁ?%%%%“rt?&?éé% ﬁrﬁhfj%em%%pézfs
1~$ being ?aSPQStIHéEg@w thd POlIENRREpacd 16Et Al3fodve 984 f'&%whptﬂ&éﬁﬁemmt he

st oppers The Central” ‘part 132Afunctions as an air bag wh

presses the qaﬁrtherarﬂ;ﬁ% i$ hsettad entetthiegireopa 78, 132B functions as an alr bag
whi ch presses the pressing nenber 136, and the outer peripheral part 132C

functions as an ai Alﬁaglghﬂthcmegmsesgassmblﬁ fotougidyl dstﬁcfcéh@smkusmaﬂ ring
128. The air Slrjfgply Eassag 140 co nicates wth the air bag which is
speci fied by ofH8ec¥atgra)0 p‘i‘ﬁtseﬂgQﬁ CORECES, Bsistectpd %Qeteﬂ? ¥Ahe he

E)EEELSZZiio:'s%H%oSrC i p e Rcledd ABbes RRilfbchY < Qﬁtg@é' ’eklkggf"%ﬁalh y
[ 124. Thi
or essos 2o vnbagie BoBRRERyRPoR IS atct S el 07, N6 Lhe ai v pressure

by the regulator 1 0 h f ~ab
pressure) applied ?gét %gﬁgm(gf Z? f185§ i%I' e gﬁau%ée%?ﬁbﬁfg% z?ss aghgp I?eI?é a

cylinder, angenbof, Sarkba. Elet@btm%awrﬁmemAebehé henberd2bidfludlz 3vit thegui de
ring 126 is fixed to the head body 122 via the rubber sheet 132. A polished

surface adj udioreorh of nbe IR&ous woardngzd Bhevdetacting syufade 72 ridptd@s thed t he

carrier 124. A 20 retainer ring 130 is attached to the inner peng@ery of
the | ower pardisiancelie thotoppédhs maifarcéo é@j mﬁg@hﬁ detact 8gvarmdle imthie

bag 164 25 1 e rgr[egavu?rgt%fwr &E?aéh §81)-of "t he head body 122 and
h I b d h . 2. i.ph 132C
of 1 ﬁQ_”?uE‘Le?';heZ‘ s e PR &gﬁ‘ét SEaRrh R ARk OF i hde,

commini cat es i i\ NG 80N o7 SUPRY n 8 chlth SHIA e Rufride e

air bag 164 t assage



24 25 June 2002 elastically deforns the outer peripheral part 132C of the
rubber sheet 132 by the air pressure to thereby press an annul ar top
surface 128A of the polished surface adjustnent ring 128. An annul ar bottom
surface 128B of the polished surface adjustnent ring 128 is pressed agai nst
the 5 polishing pad 116. Adjusting the air pressure by the regul ator 146C
controls the pressure force of the polished surface adj usédewte 200 128.

The pressing nenber 136 is arranged betdden the carrier 124 and the
pol i shed surface adjustnent ring 128. The pressing nenber 13b consists of a
body 136A, heads 136B, support arns 136C, and | egs 136D. 10 The three heads
136B, the three support arns 136 and the three | egs 136D of the pressing

nenber 136 an ¢ f i ok dott ed
M hes. i n pi g2 ficReTEE bRhe sefisd: ) L Salkiihle X AOYRHEmBTal NS R BR: 36. 0 ' 5

may be cylinfi iotldr words, therC€PUt B4 cakilated ehe srovkniceint efohetwigfeg J0r i er
124. 15 The body 136A of the pressing nenber 136 in Fig. 8 is arranged in
an openi ng 1B@mithe variableoamethé mavesngndlanstunt withfrasgechdp aspresiduslyng 128.
The head 136B of the pressing nepnber 136 is_integrated with the body 136A,
and the headStrze® reterangenyghie-i nbQr tRstanss: wedie meyemment amount dategtadhe

Bbove the holl ESGWT R L 5 1Anfi The 27PTISAA Y FariGhigs HRoR Py e |
The i1 SuppPy B Tod® 15 EUmRTCAEROUa (. (o VAT B0y S B8 CUHHEIcibaly of

the conpress I : i o] i 142

el astically gg?%?ﬁ%&?k\&elhgg%l E%lg?t?}%%ﬁgtﬁ-te%a;?%gggogérﬁ?ﬁgﬁ?lhggg?é%%ee 132
under the ai bzPﬂh@SMs@rt'm isheedyd Rieavetidie deaft 38hbles denected 55 tHY
menber 136. This causes a bottom 137 of the | eg 136D of the pressing nenber
136 to be preesmsseds 7275520, haestdOR2reagevalsof tthe waférsB0ngs raltuldtéd in

Adj usti n? the air pressure by the regulator 1:6B controls the pressure

for ce of IQ he apearsignag withnther equdionThé—0.eglfithemovementaameunt detactiediby 28C

f di h lish , dj i 128. Si h f f
ormed 10, g PeLiheh S a0 A0S IR A28 SLISS RIS S L3P ©
flatt d by.th lish f j ust Nd he. i 136
2t ened, Y aPild SRS AHLATBh VAUTES) f R ES RASSRRReTRIRS
7oL S09, P gl SERETAT Skl 10,8 SEDBIR ol g

thermal 10 expmashPrisCeskathtbd fiden PRlel SArABld eMACtRE UiRvektdat bahbat 137,
which is pressed against the polishing pad 116, is coated with dianond in
order tol$redetdctéd bfrthensbasorg Hh 725 iteid possibbe tpdeieshitirgstpakl rdhovallog
bottom 137 may al so be made of a material (e.g. ceramic) which is snaller
in the machi thewwyvafer 20 chmectlie wafer 154. 1~ On the other hand, the

diff i al 34 is., id h f th 136C
Ol et e e ok s B
th t ock L, of th 54, Th i.ff tJ al f. 1

(he SLCk eTRRln Lol St AR oa S AAE DIANHSY Bt e
connects to ag,afi IO TEhLnE0N s AR pBANEN GRlRLaLE] Al Lbgnst Ock

removal of the wafer ance w V novenent anount of
the corej$70 wifep Smaﬁﬁﬁg the };;dsl@smﬁ Dhfid tHds, theeschedbi70 detectsSthkigtgekto the
end of the support arm 136C of the pressing nmenber 136, and the core 170 is
arranged in trbmdvabhbt theldéhtenos tiehwafera§0. asDusinggudishéng, ithelckyter dfthel 176
is fixed at the bottomof the core 170 ?~ coaxially wth the core 70, and

t he contact MWafer ST viamtasoleshdhbntanynothed parts of theavafes S0Thélhusg the6 i s
arranged in a hole_124A forned in the carrier 124. The contact 174 is
arranged i n &€A$PE7Q san detrchdle sipckremoval op theywakerAdboorsesthius board 1-~0.

The contact 174 is_pressed dir |y, agai nst the reverse side 154A of .t he
waf er 154 duri ng péﬁi@g'r g.tgq a?l‘} ichnqeﬁfoiaé‘ B’Ft@f%"jdﬁpw BPRYRHSIS0i th a

Toants prot arah i poBoRHERL L, PR BR sifnd Wi Chenbolie RCRIT7AL .,

I's supplied tr@c#i@tﬁﬁsﬁ% e%t?ﬁ% li&?%ﬂﬁggh{}g}fl %?@ﬁ%hﬁ%@bt""iﬂé gdijyen of

the operation o e wa I's constructed 1n the
above- ment i ong¢oR@IHIR with the polishing time.




The hol di ng head 124 is noved up, and the suction punp 182 is driven to
cause the wafer 1~4 subject for polishing to be absorbed to the 10 porous

"~ board 150. Then, the wafer holding head 114 is noved down and stopped at a
posi tion where the contact surface of the polished surface adjustnent ring
128 comes into contact with the polishing pad 116. The suction punp 182 is
stopped to rel ease the absorption of the wafer 154, and t B8 Jum€@002~ 154 is
placed on the polishing pad 116. At thiggtime, the contact 174 of the
differential transformer 134 noves downward with the wafer 154, and cones
into contact with the reverse size 154A of the wafer 154 as shown in Fig.

8. The contact position is automatically set as a zero point in the
arithnmetic unit. . The switching valve 180 is switched to the air_punp 148
side, and then thel'&: M%@Séeﬁw%ﬁem@vg the waler eadpneaciedllyi r to

t he space 156 through the air ssage 152 to t.hergby forma pressure air

|l ayer in the§358E %QCkTﬁ%m(%ﬁf HB|§§$PT<? S évdﬂ'f éﬁ%rpc}lh%‘lﬂ‘% et s Hhfe

ly of th ' t '
AU 56 SoSeRRRARESe BeioR e hhs RSBt M BRI £
to be i gher uidaalidingRiessue cantiiifehorizd N akiBiheieonf dhbestie golisAmY ©
force Wby which the bber sheet 132 presses the wafer 154 adai nst -t he

polishing 8fme. 25 June 2002 pad 116, by the area A of the wafer 1~4. This
prevents the pressure air |layer 1~4 from being crushed by the carrigr 124.
The conpressed ai rThe modpl istetk removhk (putapget48alue inh@odishingad>AAY hr ough
the air passage 140, and the central part 132A of the rubber sheet 132 is
el astical |y tdisateddopyongandnshent alternatediogs dntligt Helsety iprash a meaycarri er

5T 1 Bl o A AT A Mo i
146A | i i . i d h
R e M
b e ol PORERIPISEL Sl & P SUPB: SRR ey purett o L1

part 132C of tﬁ&ponsthhgrerﬁﬁ@gitirﬂé%@ isSsetlad P2, ceAff Itie dsf@.w@grdsmri_stseeid nner
air pressure to thereby preSs the polished surface adjustnent ring 1~ 128.

The bottons diistinanpet,itheestosk ricaweyahdyersumiertime i isglai®s feom theestart af ner
ring 130 are pressed agai nst the EOl i shing pad 116. The conpressed air is
suppl i ed fropoliskingteptli agdthe stoskgemayalpepenit himaritthsmakk feom ttp pl.y

passage 142. The i tei._r.magi abe ar 32B gf the rubber sheet 132 is

el astcal 1y def or mik Hifidér ; TR 0N the acially-meased g aempEal ( he
: 36, .. . 6.1

bt cssed Loai Aoth th ok o fRRL R YRt Ty SORIBUCHT rRBafRIRE Lt e

arithiotic upeiShie: bedtife i WyPthd exfrRal Ml Sibitus 80 1B btashve 10°

pol i shing inpaeqarslanse addulirihBe tiesfrdl ngto@nwemovﬁg_t he mNt@pyU 174 of
the differential transforner 134, that is, the descending anobunt of the

core 170, indebenshes eheitémengs fére doessinge tnd éplaing the paishing padt he
reverse with reference to a difference 0 between the actually-measured stock
20 removal and the model stock removal. Specifically, the CPU 74 has a
first threshold level for determining the dressing timing and a second
threshold level for determining the replacing timing. The CPU 74
determines whether to continue polishing, dress or replace the polishing
pad 16. The result is shown on a display 82 in Fig. 3.
25 The abrasive pressure set by the external input apparatus 80 as well
as the actual stock removal are stored in RAM 84. Further, the RAM 84

contains the previously-obtained actual stock removal and historical data



28 25 June 2002 side | ~4A of the wafer 1~4. Wen the stock renoval

cal cul ated by the arithnetic unit reaches a preset polishing end point, the
waf er polishing apparatus is stopped to finish polishing the wafer 1~4.
Thus, the polishing of the first wafer 1~4 is conpl eted. The

above-descri bed steps are repeated to p(izi sh the subsequent wafer 154.
According to the wafer holding head 114°0f the second enbifliuee002 he
differential transfornmer 134 is provided at the pressing nenber 136 which
is pressed with the wafer 154, and the contact 174 of 10 the differenti al
transfornmer 134 cones into contact with the reverse side 154A of the wafer
154 to direcof yhalacwal stonk mmekals enheaCPy 7dhigadathe presouslyrohthinedr eason,

t he polishing en oi nt of t waf er 1~4 can be detected npre_ correctly.
Accor di ng toa@t!vléij & f%PMﬂﬂgf%égeléﬁfMt% pRe Comparas iwh this skwk s

oo gor| Pl TafGyaingnd B¢ a8k Slok reitoval Benielh BashluSY Bes ohisindg SGcas ™
fromcollidi h ri i ”

h ; - ) . _ : . q
Lhe eo !+ e oRPHiiltRa LRrBbf A SipbRTefioiaP, th FECHAAnC it 8 YAk, B CUe 10

waf er carg beCpay enf adictfiine€s Wheth€Otd tenlnae ﬁ@fsﬁiﬂg’g" drebs U?erebﬁ&el%[) of
the pressing nenber 136, to which the bobbin 172 is attached, "i s unber

whose coef fi polstiingfpadbf.nal expansion is so snmall as to prevent the
thermal expansi on caused by polishing tenperature. The bottom 137, which is
pressed agai nst thd gedcriptiomgwplddelgmeniaf theaoprtation lofdharmaferiboldinger to
prevent the bobbin 2~ 172 from noving froma reference position (the

posi tion of headrdd pbithe walen pelisbingepraratusnt) avhich s monsiructednisy thener 134
detects the séock renoval, of the w%f e% 154 vviﬁh he surface of the

pol i shi ng padPa¥e-gsnilpned mappemwih refereneastoskiige 2002 is possible to

The desclhl ng. amohceope P erBFERIE ot iR U iy U SRSm MR 4 el ©
appar atus, WY &fh REARGHS thd a8 056 suBRRY Alr lishgg HAR potbbE bbbl hody

t hereof being a reference, cannot correctly det t he 'stock ~ renpoval of

the wafer due to tThethgrenwhfertpsidirigohead 14He hovisd dSwncend bwppetitatra 137 of
the pressing nmenber 136 is pressed agai nst the polishing pad 6 which is

flattened byposidiomowhenedhe bottame ofidheqralished rsunface 28ljustmens rréng 28gofrenber
136 is prevented fromvibrating vertically due fo the unevenness of the

pol i shi ng pathel veafermelding hepd 14 condagss’ theepalishiagepad 6.t r'Bhenotheer 134,

t he stock_renpval of the wafer 1 ~~ can be, detected np corr.ec . ]ln this

e odi noks " SRR PUBRAI 8 ISORRE L Folerse 18 ALSOUREN hing Ward: Shandnoval

detecting ”eiﬁéw%ffextfﬁi lfa%éd%ﬁdthgﬁa‘t’)iliﬁhfn- adaiao possi ble to use any ot her
I'nto ¢ e

means whi ch c¢onhes ntact w erseé side 14A of 1~ the wafer

1-4 to detect the %eﬁht{eeﬁ?ﬁlmphotia%ma%hﬁéythié&ng&sgéd airl pRY R nal
sectional view illustrating the third enbodi t of the wafer hol ding head

214. Parts caimmehambesi i Ithrough thowdr alipplye pasdage 48) thergbhefadmidg a
according to the second enbodi nent
pressure air layer in the air chamber 51 to transmit the pressure force of
20  the carrier 24 to the entire surface of the wafer 50.

Then, the compressed air is supplied from the air pump 40 to the
space 60 through the air supply passage 36, and the central part 30A of the
rubber sheet 30 is elastically deformed under the inner air pressure and
presses the carrier 24. This causes the pressure force of the central part

25 30A of the rubber sheet 30 to transmit from the carrier 24 to the wafer 50
through the pressure air layer, and the wafer 50 is pressed against the

polishing pad 16. The regulator 38B adjusts the air pressure to thereby



in Fig. 8 will be designated by the sane reference nunerals, and they wl|
20 not be explained. A description will now be given of the difference

bet ween the wafer holding head 214 in Fig. 9 and the wafer hol ding head 114
in Fig. 8 The first difference lies in the structure of the differenti al
transfornmer which detects the stock renoval of the wafer 1~4. In the
differential ?~ transforner 134 of the W&fer hol di ng headR9dune g082g. 8,
the contact 174 comes into contact with the reverse side 14A of the wafer
1~4. Tu the contrary, in the differential transformer 234 of the wafer
holding head 2 14 in Fig. 9, the 30 25 June 2002 contact 274 cones into

contact w t hegitgol e irﬁ{erlaﬁf‘fprgﬁﬁﬁe at debired apnprGEuré/ 4o IRIERE ?fé%s&%m act

with the carrier 124, the differential transformer can correctty detect the

st ock renovaforet ofhie wadfer S04airso tid pelishing gad lidheart the chmseant, of the
pressure air layer in the space 156 is alnost uniform As is the case with

the differential tThesfthermmmpiedsed hie islsappliehfrioal the ainpuarprdd iR@ithdet ect s
the stock renmoval of the wafer 154 with the &(?I ishing pad 116 being a
ref erence, a$praeh®d throughather air Supphy passagsfist and thesowtan peipherat Ipartdet ect

t he stock re al .of the,wafer 1534..1n Fj.g...9,. reference nupreral 270 is a
core, anl(;5 27%%505 tEGb‘Bi% er 3%363&61@8{18?1” é‘i’lr@éecfi“é’ge{ ﬁﬁg HBNEL ALt | ons
of the porou d.. T of.Qu f_ 4 fer ing. 114 in
B o8 mbsor PSSR tof RfesS e BolON shifice adiDGnt HinB o€ G thes 10 ||
t he waf er hohkgi; 4 i F‘?JB@{ ; e waf er
hol di ng headbggﬁﬁpgeﬁ%agg, Tglé;*%ru}iﬁoty 0 X%ﬁ??fﬁt&ﬁuﬁgﬁ ﬁ%g?g@%gagrﬂg f or med
in the bottoffink? 2 ptdiSupcdn B sdtZat d desitedprRrsway, &fd e [resdire TotdeeofPor ous
board 250. The air jetting holes 278 connect to the air punp 148 t hrough

t he regul at othel $60shdd esupface uadjustareht 2502 A against tlee poliskinigopad Whpis276.

According to the wafer holding head 214 in Fig. 9, driving the suction punp
276 causH} tmaiptainedconstant.250 to absorb and hold the 20 wafer 154, and

e e S T T
ST AR 1D PRSI g . "
accord ng 1yt U 1rEBBI ISR e SN Srad 10t S0BRAE Sy 1 e

head 314 in Polighink0the whfer e5@nt TheoextehealWafptit apparatiis 280 Lanes@0f
hol ding head Z14 in Fig. 9 in the structure of the pressing nenber. A head

part 1368 i spblishig pressure jpselscforgpokstiiag ofdf adivandee waf er hol di ng head
214 in Fig. 9, and the air bag 166 presses the head part 136B to press the
bottom 137 of - t he Pdtarsthey firshiveafer 39 dgapelsthedndhp oCPhi7dg calopdates 1.
difference 0 between the actual stock removal of the wafer 50 and the
model stock removal in accordance with the polishing time. The CPU 74
compares the previously-stored two threshold levels and the calculated
20 difference 0, and accordingly determines whether to continue polishing,
dress or replace the polishing pad 16. The result is shown on the display
82. If the display 82 shows “continue polishing”, an operator continues
running the wafer polishing apparatus 10, which polishes the next wafer
50. If the display 82 shows “dress”, the wafer polishing apparatus 10 is
25 halted, and a dressing grinding wheel is pressed against the polishing pad
16 to dress the polishing pad 16 for a preset period of time. Then, the

wafer polishing apparatus 10 is reactivated to continue polishing the wafer
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On the other hand, the pressing nenber 336 of the wafer hol ding head 314 in
Fig. 10 is not provided with a head part, and the bottom 337 of the
pressi ng nenber 336 is pressed against the polishing pad 116 by the
deadwei ght of the pressing nenber 336. 10 The pressing nmenber 336 in Fig.
10 is applied if the pressure force of tig pressing nmenber 336 is
unnecessary since the pressing menber 336 is heavy or the2pdungi20Ag -pad 112
is hard. In Fig. 10, reference nuneral 336A is the body of the pressing
menber 336, reference nuneral 336C is a support arm of the pressing nenber

ﬁfSi ﬂ?i éefﬁeil(iﬂéfft (s Biaplsatd bR “pealace 1 (e Vi qr%‘?fsﬁin:g%gga”faﬁiﬁoié’?afm
! et ¥

nol di ng Eread‘)*é‘i\ia’i%é?%%%i o5 el BTN, R T ' DR % T, e )

The et er ol e as RAst 0P R Ry g0 e 18 bottinhe HO R e g

head 314 in H@g. 10 in that the wafer stock renoval detecting apparatus of
the wafer holding head 314 in Fig. 10 is the differential transfornmer 234

wher eas tBe waf er sAsctkatedmbuoat, thet attalngoelppematalkobthd hafeyas@mndihbol di ng
head 414 in Fig. 11 is a light wave interference apparatus 500. Fig. 12
shows the st rpresel enastel tsteck irgmovahace icompaired,card thg pomiangssfosadressing | i ght

wave i nterferen epgpp_arat us 500.is an infrared 32 25 June 2002,

i nterference %fkff)éﬁ'f acieg Wedpelishing padd§ arydstermingddn acoordanceswithdbes502
which emts infrared | Lght, a beamsplifter 504, and a photodi ode 506. The
beam spl i tter&&%e‘ﬂ%‘? I éct sT@ﬁélmH?gsaﬁ’éditrFﬁ%% 35@8‘3&@61’%&&1@ Il’ch ngpafce S02
downward to t wafer,  154., The reflected.infrajed light SQ8 is 5 refl ected
ol over sb6 shabe gsiarraintdiay GmpBraleduana thegopshl eakstinged 116 Tne

reflecte i ght (reference |ight O refl.ected.on the reverse si 154A of
The voredd s g L sﬁi‘f‘taeglq%‘()o%ﬁg&‘g@&%é‘b|e faiftthe B RS f Bichdne ) ght
512 reflecte 2 Hs | 4shi i Whi: g@g?egiitter
504, and thedg(glflnﬁ%ggg%gl%%%%@%ggﬁ@g@ﬁg@?gb%%&j&&g taﬁg tto
thereby form yinperd 4§ giiesseldr Agaast thd pEUSHIAE Pdd 141 indétCh prBeMPreSfitBt S the
nunber of intergerenceeiﬁfri ngegsmafter Fhe ph%t%%i ode S06 cgﬁverts theminto
el ectric signfdrsephotoel ectrically. A calculation circuit (not shown)
detects the displacenent of the polishing pad 116, that is, the stock

removal of the waf efAs shawimimaEigSddhe predsute ofithenpolishingfpadsl 6,mvbicheisence

fringes. If the light wave interference apparatys 500 i§ used fqr the wafer
st ock reﬂ@m g%r&réeqﬁ by papysing the po ikeck BURCe adSHRCH TIPB2S /8PSt can

be et et o0 o8 gRbld e, ML HE HRLEHLS, 575 FEAL BHHHEP gFe"®
first, 20 secgyfshddshffadd hdjRsthidht SREDIEN tah area L1 which the polished
surface adjustment ring 28 contacts. The pressure of the polishing pad
16 slightly changes at the edge of the wafer 50 in the area L2 which the
20  wafer 50 contacts, whereas the pressure at the other parts of the wafer 50
is constant. The use of the polished surface adjustment ring 28 prevents
the polishing pad 16 from rising at the periphery of the wafer 50. This
makes uniform the pressure which the polishing pad 16 applies to the
wafer 50, and thus, the entire surface of the wafer 50 can be uniformly
25 polished.
The thickness of the wafer 50 is known in advance, and it is

possible to detect a relation between a position where the work surface of



In this enbodinent, the infrared interference apparatus is used for the

| i ght wave interference apparatus 500, but a |aser interference apparatus
" may be used instead. In the light wave interference apparatus S00 of this
enbodi ment, the reflected light 510 reflected on the reverse 25 side 154A
of the wafer 154 is the reference |ight, 8ut the reflected light reflected
on a unpolished surface 514A of a silicoB0fil moxide 514 PRYuRd 200Re t he
reference |ight. 25 June 2002 33 As set forth herei nabove, according to
the present invention, the timngs for dressing and replacing the polishing
pad are determ ned in accordance with the difference between the wafer
stock renovalthdewagéedibyontaetss tige polhinglpadet 6canda FositionaMher@ehrodel
stock renmpval stored 5 in the storage neans, and the determ nation results
are shown on pdleshtidspirface adjustmartiaing 28ropntdats thir pslishigg ead Yeepl Bhagg t he
polishing pad can be determ ned automatically during the nornmal polishing.
Accor di ng t o theeprassuse foetd ehthegpelishedturtacstadjngmenst sing 28 gereormatlyt he
pressure air layer is forned between the carrier and the 10 wafer, and the
waf er is polﬂ§hé U§H¥bugh the pressure air layer. For this reason, the

22? For ePgn matt eﬁz%g%q“r’?ineé@: B ??ﬁ%ﬂ'@élﬁ?f&dhﬁéi &%éﬁ‘;rfaq%%ﬁé‘ﬁﬁsfhsbhsiﬁﬁc??é
forePgn 1 Sy ¢ _
ven i on, 1 ReIGy it SpT2) (B0 Cdiind? BRRCaPRHAR, B0OR THET Rovett b g

menber whi ch ﬁ&igﬁﬁgs?@'es@aﬁé,nahdt ige PPicsSiienFoRRd of ttﬁetgéliyl@dersurf#&@ the
contact of the stoc enoval detecting neans cones into contact wth the

reverse side aﬂjusﬂm@emaﬁﬁ% 2B8dsdiet achlivadesreotpreentshe polishingvedd b6 fida
wafer. Thus, it is possible to correctly detect the polishing end point of
the waf er. 20rigiogoatdthegpemphdry ofather wabds SO0 ndhapptheaturs tablet h2 apdethent

i nvention, the stock renoval detecting neans is, provided at the pressing

menber wHilkch waigirhalding hepd hdare Friajssl tostiar pobishing the waler Wi er, and t he

t ock | det [ detects th | ati di spl f th

b 65si ng menber  andiBNCIr It srlcuiEn HeBiPetiatvalint De VR oI GHFINT ( ne
25 fer. Th gl ] i to.: . f . li.shi i nt
2 Ve vt or Dol inbTnORRk el GiBORAERIGH sUBHRE habf pBP BRI Mo el O
tolimt . 2&nidRe RNOZ2 ! hevhéy okl %Ckorérﬂﬁza?lpSP!tﬁb Cwh 50 dihvitfibRsgd, but

on the contrary, the i'nvention is to cover all nodifications, alternate
constructi onscaodlatedibyaheTBU A, Ireachesi 4 praset ggotovalue imFig.s6,ahe CPUL he

invention as expressed in the appended cl ai ns.

15 74 outputs a polishing ending signal to stop the wafer polishing apparatus
10. This completes the polishing of the first wafer 50. The above-
described steps are repeated to polish the subsequent wafers 50. Fig. 6 is
a graph showing the end point of the stock removal in polishing with
respect to the polishing time. '

20 As stated above, the stock removal of the wafer is detected, and the
polishing ending signal is output when the detected stock removal reaches
a preset polishing target value. Thus, the polishing end point of the wafer
can be detected correctly.

Moreover, the pressure air layer is formed between the carrier 24

25 and the wafer 50 to polish the wafer 50, and thus, the entire surface of the

wafer 50 can be polished uniformly even if there are some foreign matters

such as polishing dust between the carrier 24 and the wafer 50.



25 June 2002 3~ 1. A wafer polishing apparatus which presses a wafer
against a rotating polishing pad to polish the surface of said wafer, said
~waf er polishing apparatus conprising: stock renoval detecting neans for
detecting a stock renoval of said wafer; storage neans for containing a
model stock renoval of said wafer in accgydance with a pollshlngptlne
control neans for conparing the stock reffoval detected by28alae=082k
renoval detecting neans and the nodel stock renoval stored in said storage
means, determining timngs for dressing ar,~/or replacing sai d polishing
pad in accordance with a difference betmeen said stock renoval s, and

outputting det er mi Adie polishingapparatus ofiJ apangse hodernt Frovisiaeali Piplication
det t d t,rol. 2002 36 2 .
L

rotating a p h| S o n head
conpri si ng: Odlc&???@reﬂ nag’P%th er qglﬁdﬁéilgglgll ngpiﬁ{é‘%ﬁa@ gggl nst

sai d poli shi ngyeyuy f;ﬁﬁi%h@?dﬁx’é @vatféxedﬁﬁi%mw%lcﬂ”@@s&” t@bl@obiéétlvg
surface adjustnent ‘ring for pressing agal nst said p °hg surface Under a

predeter nbned)vl@ér_e%sthé?reSﬁlré giellagdy rsgf@rméca@ena@hmﬁe RErridrN®4 dr giendi ng
the wafer; wherein said wafer hol d| ng head presses a face of the wafer

agai nst sai d wafersHid rig ther palishingi dpparatust ohghe presatetiagentign.redos this
including a single detector for detecting a novenent anmpunt of said carrier
on a central T&Rsen,dheseevapodishing hpwgwéoaret@r@@lﬁtclb@uﬁgmﬁgn stucage

adj usting ri

for supporti %}’gﬁ&hfgo‘f'é\f O@fﬁrﬁ'&ﬂqlﬂ&?@’dgﬁuﬁﬁeﬁ% grabx('s)hygﬁlaﬁds rn?%%leal ea
waf er hol di n%ﬁﬁ%ﬂe‘ﬁgpédtsihognn&l CAer A Sishi 08 efid ﬁlﬂ?g?{w exﬁf‘(g %%S' ng

t he waf er agalnst s poli ng SUrTACE UNIST prede ressure;

and a pohipshi ngestf @rpe@f sgtlrg% thé @snéd%rmr»ﬂﬁéhr&t@a@'tﬂf sgﬁh@erﬂeﬁﬂ shi ng

surface under a predeterm”ned pressure, said polishing sur adj usti ng
ring surroundifnehd kerdef o4, andahei sensetr I2naftgeh hidtedtn ahb exhiclgiess sefsti i rst

face of the wafer against said polishing surface while rotating;
pressure air layer.
Fig. 7 is a plan view showing the second embodiment of a wafer
holding head 114. Fig. 8 is a longitudinal sectional view taken along line
15 8-8 of Fig. 7.
The wafer holding head 114 of Fig. 8 comprises a head body 122,
a carrier 124, a guide ring 126, a polished surface adjustment ring 128, a
retainer ring 130, a rubber sheet 132, a differential transformer 134, and a
pressing member 136.
20 The head body 122 is disc-shaped, and a rotary shaft 238 connects
to the top of the head body 122. The head body 122 is rotated in the
direction of an arrow B by a motor (not shown) which connects to the

rotary shaft 138. Air supply passages 140, 142, 144 are formed in the
head body 122. The air supply passage 140 extends to the outside of the

19
wn

wafer holding head 114 as indicated by long and two short alternate lines
in Fig. 8. The air supply passage 140 connects to an air pump (AP) 148
via a regulator (R) 146A. The air supply passages 142, 144 also extend



25 June 2002 37 a pressing nenber arranged between said polishing surface
adjustnent ring and said carrier, said pressing nenber having a plurality
of surfaces or an annul ar end surface for pressing against said polishing
surface under a predeterm ned pressure; and detecting neans including a
single detector for detecting a relative novenent anount on a central axis
of the wafer between a second face of the wafer and sai d 3% & 200denber. 4

A waf er polishing apparatus conprisingzza turn table for supporting and
rotating a polishing pad having a polishing surface; a wafer hol ding head
conprising: a carrier for holding a wafer and pressing the wafer agai nst
sai d polishing surface under a predeterm ned pressure; and a polishing

surface adj ughn@pt otitside fofr Y @opding ReAl N34, saH: AR & '1§9R§é&ra.g601342mder a
predeterm ned pressure, said polishing surface adjustin i hg strroundi ng
the wafer; whangeotssti dnvairepurhpl M ovibendegrlansebd6Bf and the dipesuppler

agai nst said polishing surface while rotating; a pressing nenber arranged
bet ween sai d gassagmhh% connécis ¢o iy aistpump 148 vip anmegwlatod 1d6C.i er, said
pressi ng nenber haying a plurality of surfaces or an annul ar, end surface
for pressing agai ndthes &8 1¢o(124nhih $haped dlike i dolumng raagledk i eRAxIEEssUr e;

o Set oL N0 AR AOCLI el BoRF PiAe S ienl i S50 Buf LS, v
TRBL. A Ay. AU REAB 3R L3, 16, SONGRIS AT ARS S0THDS A BTN @ AL
zn§k¢ZFVf§zjﬁﬁﬁégfﬁ%f%%f?%?%éf@gffﬁﬁ$§% J%E%é?%%?ﬂé?%%?@ﬁfggfcaighfgé]ca]ca
] ca] ca] ca] calmrbgsaUl S2aALR 24lf6imEE 3k the carrier 124.  As indicated by long
and short alternate lines, the air passages 152 extend to the outside of the
10  holding head 114, and they connect to the air pump 148 via the regulator
146D, Driving the air pump 148 causes the air pump 148 to jet the
compressed air into a space 156 between the porous board 150 and the
wafer 154 through the air passages 152 and the porous board 150. This
forms a pressure air layer in the space 156, and the pressure force of the
15  carrier 124 is transmitted to the wafer 154 through the pressure air layer.
The wafer 154 is polished in a state of being pressed against the polishing
pad 116 under the pressure force transmitted through the pressure air layer.
The air passages 152 connect to a suction pump (SP) 182 through a
switching valve 180. Switching the switching valve 180 and driving the
20  suction pump 182 causes the wafer 154 to be absorbed to the porous board
150. The porous board 150 has a number of vent holes therein, and it is
made of, for example, a sintered body of ceramic material.
On the other hand, a disc-shaped rubber sheet 132 with uniform
thickness is arranged between the head body 122 and the carrier 124.
25  The rubber sheet 132 is fixed to the bottom of the head body 122 by large
and small annular stoppers 158, 160. The rubber sheet 132 is divided

into a central part 132A and an intermediate part 132B with the stopper
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The guide ring 126 is shaped like a cylinder, and it is coaxially
arranged below the head body 122. The guide ring 126 is fixed to the
head body 122 via the rubber sheet 132. A polished surface adjustment
ring 128 is arranged between the guide ring 126 and the carrier 124. A

20 retainer ring 130 is attached to the inner pcriphery of the lower part of the
polished surface adjustment ring 128, and the retainer ring 130 prevents
the wafer 154 from jumping out.

An annular air bag 164 is formed at the lower peripheral part of the

head body 122, and the annular air bag 164 is specified by the outer

D
(¥

peripheral part 132C of the rubber sheet 132 and the stopper 158 The air
supply passage 144 communicates with the air bag 164. The supply of
the compressed air to the air bag 164 through the air supply passage 144
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by the air pressure to thereby press an annular top surface 128A of the

polished surface adjustment ring 128. An annular bottom surface 128B

of the polished surface adjustment ring 128 is pressed against the

5 polishing pad 116. Adjusting the air pressure by the regulator 146C
controls the pressure force of the polished surface adjustment ring 128.

The pressing member 136 is arranged between the carrier 124 and

the polished surface adjustment ring 128. The pressing member 136

consists of a body 136A, heads 136B, support arms 136C, and legs 136D.

10  The three heads 136B, the three support arms 136 and the three legs 136D
of the pressing member 136 are formed as a unit at regular intervals as
indicated by dotted lines in Fig. 7. The number of legs 136D is not
restricted to three, but it may be cylindrical in a manner to cover the
circumference of the carrier 124.

15 The body 136A of the pressing member 136 in Fig. 8 is arranged
in an opening 129 which is formed in the polished surface adjustment ring
128. The head 136B of the pressing member 136 is integrated with the
body 136A, and the head 136B is arranged in a gap between the carrier
124 and the polished surface adjustment ring 128.

20 An annular air bag 166 is formed above the head 136B, and the
annular air bag 126 is specified by the intermediate part 132B of the
rubber sheet 132 and the stoppers 158, 160. The air supply passage 142
communicates with the air bag 166. The supply of the compressed air to
the air bag 166 through the air supply passage 142 elastically deforms the

25 intermediate part 132B of the rubber sheet 132 under the air pressure to
thereby press the head 136B of the pressing member 136. This causes a
bottom 137 of the leg 136D of the pressing member 136 to be pressed
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mL0% u& ()-! 10%1%‘8() Since the surface of the polishing pad 116 which the bottom

5 137 of the leg 136D contacts is flattened by the polished surface

adjustment ring, the pressing member 136 is prevented from vibrating
vertically due to the unevenness of the polishing pad 116.

The base material of the pressing member 138 is umber, whose

coefficient of thermal expansion is so small as to prevent the thermal

10 expansion caused by the polishing temperature. The bottom 137, which
is pressed against the polishing pad 116, is coated with diamond in order
to prevent it from being polished by the polishing pad 116. The bottom
137 may also be made of a material (e.g. ceramic) which is smaller in the
machining rate than the wafer 154.

15 On the other hand, the differential transformer 134 is provided at the end
of the support arm 136C of the pressing member 136, and the differential
transformer 134 detects the stock removal of the wafer 154. The differential
transformer 134 consists of a core 170, a bobbin 172, and a contact 174. The
bobbin 172 connects to an arithmetic unit (not shown), which calculates

20 the stock removal of the wafer 154 in accordance with the vertical

movement amount of the core 170 with respect to the bobbin 172. The

bobbin 172 is fixed to the end of the support arm 136C of the pressing
member 136, and the core 170 is arranged in the bobbin 172 in such a way

as to move vertically. A rod 176 is fixed at the bottom of the core 170

coaxially with the core 70, and the contact 174 is fixed to the bottom end

of the rod 176. The rod 176 is arranged in a hole 124A formed in the

carrier 124. The contact 174 is arranged in a hole 150A formed in the
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() -S 10 E rg%erablgl proxflzied with a stopper member which prevents the rod 176
from falling out, and the hole 124A is preferably provided with a packing
5 which prevents the air, which is supplied to the space 156, from leaking.
A description will be given of the operation of the wafer holding
head 114 which is constructed in the above-mentioned manner.
The holding head 124 is moved up, and the suction pump 182 is
driven to cause the wafer 154 subject for polishing to be absorbed to the
10  porous board 150.
Then, the wafer holding head 114 is moved down and stopped at a
position where the contact surface of the polished surface adjustment ring
128 comes into contact with the polishing pad 116. The suction pump
182 is stopped to release the absorption of the wafer 154, and the wafer
15 154 is placed on the polishing pad 116. At this time, the contact 174 of
the differential transformer 134 moves downward with the wafer 154, and
comes into contact with the reverse size 154A of the wafer 154 as shown
in Fig. 8. The contact position is automatically set as a zero point in the
arithmetic unit.
20 The switching valve 180 is switched to the air pump 148 side, and
then the air pump 148 is driven to supply the compressed air to the space
156 through the air passage 152 to thereby form a pressure air layer in the
space 156. The control of the regulator 146D adjusts the supply of the
compressed air and sets the pressure P of the pressure air layer
25 Specifically, the pressure P (P<W/A) is set in such a manner as to be
higher than the pressure which is found by dividing the pressure force W

by which the rubber sheet 132 presses the wafer 154 against the polishing
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Lo &7 @O pugh the i pharaes ), andoismaairal part 132A Of the tubber
5 sheet 132 is elastically deformed by the inner air pressure to thereby press
the carrier 124. The wafer 154 is pressed against the polishing pad 116
via the pressure air layer. The adjustment of the air pressure by the
regulator 146A controls the inner air pressure at a desired pressure and
keeps the pressure force of the wafer 154 against the polishing pad 116
10  constant.

At the same time, the compressed air is supplied from the pump
148 to the air bag 164 through the air supply passage 144, and the outer
peripheral part 132C of the rubber sheet 132 is elastically deformed under
the inner air pressure to thereby press the polished surface adjustment ring
15 128. The bottoms of the polished surface adjustment ring 128 and the
retainer ring 130 are pressed against the polishing pad 116. The
compressed air is supplied from the pump 148 to the air bag 166 through
the air supply passage 142. The intermediate part 132B of the rubber
sheet 132 is elastically deformed under the inner air pressure to thereby
20 press the pressing member 136, and the bottom 137 of the pressing
member 136 is pressed against the polishing pad 116. Then, the turn
table 112 and the wafer holding head 114 are rotated to start polishing the

wafer 154.

The arithmetic unit calculates the stock removal of the wafer 154

8]
n

during polishing in accordance with the descending amount of the contact

174 of the differential transformer 134, that is, the descending amount of the

core 170, in the state wherein the contact 174 is in contact with the reverse
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preset polishing end point, the wafer polishing apparatus is stopped to
finish polishing the wafer 154. Thus, the polishing of the first wafer 154
is completed. The above-described steps are repeated to polish the
subsequent wafer 154.

According to the wafer holding head 114 of the second

embodiment, the differential transformer 134 is provided at the pressing

member 136 which is pressed with the wafer 154, and the contact 174 of
the differential transformer 134 comes into contact with the reverse side 154A
of the wafer 154 to directly detect the stock removal of the wafer 154.
For this reason, the polishing end point of the wafer 154 can be detected
more correctly.

According to the wafer holding head 114, the pressing member
136 is arranged outside the retainer ring 130, and this prevents the wafer
154 from colliding with the pressing member 136 during polishing. It is
therefore possible to prevent the pressing member 136 from vibrating due
to the collision with the wafer 154. For this reason, the stock removal of
the wafer can be detected correctly.

The base material of the leg 136D of the pressing member 136, to
which the bobbin 172 is attached, is umber whose coefficient of thermal
expansion is so small as to prevent the thermal expansion caused by
polishing temperature. The bottom 137, which is pressed against the
polishing pad 116, is coated with diamond in order to prevent the bobbin
172 from moving from a reference position (the position of a zero point).

In other words, the differential transformer 134 detects the stock removal of the

wafer 154 with the surface of the polishing pad 16 being a reference. It
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is possible to correctly calculate the stock removal of the wafer 154 only
by detecting the descending amount of the core 170. To the contrary, the
conventional apparatus, which detects the stock removal of the wafer with

the body thereof being a reference, cannot correctly detect the stock

(v ]

removal of the wafer due to the thermal expansion of the body.

Since the bottom 137 of the pressing member 136 is pressed
against the polishing pad 116 which is flattened by the polished surface
adjustment ring 128, the pressing member 136 is prevented from vibrating
vertically due to the unevenness of the polishing pad 116. Thus, by the
10 use of the differential transformer 134, the stock removal of the wafer 154 can

be detected more correctly.

In this embodiment, the differential transformer 134 is used for the stock
removal detecting means of the wafer 154, but it is also possible to use
any other means which comes into contact with the reverse side 154A of

15  the wafer 154 to detect the stock removal of the wafer 154.

Fig. 9 is a longitudinal sectional view illustrating the third
embodiment of the wafer holding head 214. Parts common or similar to
those of the wafer holding head 114 according to the second embodiment
in Fig. 8 will be designated by the same reference numerals, and they will

20 not be explained.

A description will now be given of the difference between the
wafer holding head 214 in Fig. 9 and the wafer holding head 114 in Fig. 8.

The first difference lies in the structure of the differential transformer
which detects the stock removal of the wafer 154. In the differential

25 transformer 134 of the wafer holding head 114 in Fig. 8, the contact 174 comes

into contact with the reverse side 154A of the wafer 154, To the contrary,

in the differential transformer 234 of the wafer holding head 214 in Fig. 9, the
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contact 274 comes into contact with the carrier 124. Thus, if the contact
274 comes into contact with the carrier 124, the differential transformer can
correctly detect the stock removal of the wafer 154. In other words, the

thickness of the pressure air layer in the space 156 is almost uniform.

As is the case with the differential transformer 134, the differential

transformer 234 detects the stock removal of the wafer 154 with the polishing

pad 116 being a reference, and thus, the differential transformer 134 can
correctly detect the stock removal of the wafer 154. In Fig. 9, reference
numeral 270 is a core, and 272 is a bobbin.

10 The second difference lies in the functions of the porous board.
The porous board 150 of the wafer holding head 114 in Fig. 8 absorbs the
wafer and jets the air, whereas the porous board 250 of the wafer holding
head 214 in Fig. 9 merely absorbs the wafer. In the wafer holding head
214 in Fig. 9, a plurality of air jetting holes 278 are formed in the bottom

15  of the carrier 124 in such a way as to enclose the porous board 250. The
air jetting holes 278 connect to the air pump 148 through the regulator
146D. The porous board 250 connects to a suction pump 276.

According to the wafer holding head 214 in Fig. 9, driving the
suction pump 276 causes the porous board 250 to absorb and hold the

20 wafer 154, and driving the air pump 148 and jetting the air from the air
jetting holes 278 forms the pressure air layer in the space 156.

Fig. 10 is a longitudinal sectional view illustrating the fourth
embodiment of a wafer holding head 314. Parts commo or similar to
those of the wafer holding head 214 according to the third embodiment

25 shown in Fig. 9 are designated by the same reference numerals, and they

will not be explained.

The wafer holding head 314 in Fig. 10 is different from the wafer



10! | - Z"109& ()-!p-Z"109%& ()-F"109%& ()- $pzX9Pla

10! f1 10%&' ()-SI\f!10%& ()- SsS! 10%&' ()-S! fsSI 10%&' ()-S! (,s! 10%&' ()-g!,s! 10%

" {& ()-gL& ()wi[Ma 10'f!10% 10 10 10!}93 "10%&' ()-z!~: 93 "10%& ()-z!|y&
"100& ()-!py& "10%& ()-);)CXz[ 9Mla 10!!~: L$G' 10%EE& () - 9FG' 10%K&’ () -

| ~OFG' 10%EE& ()- ! p9FG 10%/7& ()- !s! 10% ()- @10%: () - FXuvwx} oPla

10! | ~: L$G' 109%EEL10%&' ()- 10SS 10SS . 31 25 June 2002

10SS!} 111 " 1098S& ()-z! > 1 11 "10%008' () - z! L$G' 104008 () - r J@iX6Pla 10! f %

"109%&' ()-SL "10%& ()-S! pL "10%$$& ()-S' kLF "10%& ()-z!fLF "10%& ()-z!aLF

"109& ()-zrSda 1! 10%&' ()-10%& ()- 10-- 10--

10--1ys. 3" 10%q1&nl) nédd 213" HOREE. (9 i the "shire) oSEHeMpRIsSHE member. A
head part 136B is formed on the pressing member 136 of the wafer
holding head 214 in Fig. 9, and the air bag 166 presses the head part 136B
to press the bottom 137 of the pressing member 136 against the polishing

S pad112,

On the other hand, the pressing member 336 of the wafer holding
head 314 in Fig. 10 is not provided with a head part, and the bottom 337 of
the pressing member 336 is pressed against the polishing pad 116 by the
deadweight of the pressing member 336.

10 The pressing member 336 in Fig. 10 is applied if the pressure force
of the pressing member 336 is unnecessary since the pressing member 336
is heavy or the polishing pad 112 is hard. In Fig. 10, reference numeral
336A is the body of the pressing member 336, reference numeral 336C is
a support arm of the pressing member 336, and reference numeral 336D is

15 aleg of the pressing member 336.

Fig. 11 is a longitudinal sectional view illustrating the fifth
embodiment of a wafer holding head 414. Parts common or similar to
those of the wafer holding head 314 according to the fourth embodiment
in Fig. 10 will be denoted by the same reference numerals, and they will

20  not be explained.

The wafer holding head 414 in Fig. 11 is different from the wafer
holding head 314 in Fig. 10 in that the wafer stock removal detecting

apparatus of the wafer holding head 314 in Fig. 10 is the differential transformer
234 whereas the wafer stock removal detecting apparatus of the wafer

25 holding head 414 in Fig. 11 is a light wave interference apparatus 500.

Fig. 12 shows the structure of the light wave interference apparatus

500. The light wave interference apparatus 500 is an infrared
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“Y10%&' () - W/béarﬁ)sphtter 504 reflects the infrared hght 508 from the light source
502 downward to the wafer 154, The reflected infrared light 508 is
5 reflected on the reverse side 154A of the wafer 154 and the polishing pad
116. The reflected light (reference light) 510 reflected on the reverse
side 154A of the wafer 154 is transmitted to the beam splitter 504. The
reflected light 512 reflected on the polishing pad 116 is transmitted to the
beam splitter 504, and the reflected light 512 overlaps the reflected light
10 510 to thereby form interference fringes. A counter circuit (not shown)
counts the number of interference fringes after the photodiode 506
converts them into electric signals photoelectrically. A calculation circuit
(not shown) detects the displacement of the polishing pad 116, that is, the
stock removal of the wafer 154 in accordance with the number of
15 interference fringes.

If the light wave interference apparatus 500 is used for the wafer
stock removal detecting apparatus, the stock removal of the wafer 154 can
be detected correctly. The light wave interference apparatus S00 may be
applied to the wafer holding heads 14, 114, 214, 314 according to the first,

20 second, third and fourth embodiments.

In this embodiment, the infrared interference apparatus is used for
the light wave interference apparatus 500, but a laser interference
apparatus may be used instead. In the light wave interference apparatus
500 of this embodiment, the reflected light 510 reflected on the reverse

25 side 154A of the wafer 154 is the reference light, but the reflected light
reflected on a unpolished surface S14A of a silicon film oxide 514 may

also be the reference light.
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timings for dressing and replacing the polishing pad are determined in
accordance with the difference between the wafer stock removal detected
by the stock removal detecting means and the model stock removal stored
5 in the storage means, and the determination results are shown on the
display. Thus, the timings for dressing and replacing the polishing pad
can be determined automatically during the normal polishing.
According to the wafer polishing apparatus of the present
invention, the pressure air layer is formed between the carrier and the
10  wafer, and the wafer is polished through the pressure air layer. For this
reason, the entire surface of the wafer can be polished uniformly even if
there are some foreign matters such as polishing dust between the carrier
and the wafer.
According to the wafer polishing apparatus of the present
15 invention, the stock removal detecting means is provided at the pressing
member which is pressed against the polishing pad with the wafer, and the
contact of the stock removal detecting means comes into contact with the
reverse side of the wafer to directly detect the stock removal of the wafer.
Thus, it is possible to correctly detect the polishing end point of the wafer.
20 According to the wafer polishing apparatus of the present
invention, the stock removal detecting means is provided at the pressing
member which is pressed against the polishing pad with the wafer, and the
stock removal detecting means detects the relative displacement of the
pressing member and the carrier to thereby detect the stock removal of the
25 wafer. Thus, it is possible to correctly detect the polishing end point of

the wafer.

[t should be understood, however, that there is no intention to limit
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WHAT IS CT AIMED IS:
1. A wafer polishing apparatus which presses a wafer against a

rotating polishing pad to polish the surface of said wafer, said wafer

polishing apparatus comprising:

stock removal detecting means for detecting a stock removal of

said wafer;

storage means for containing a model stock removal of said wafer

in accordance with a polishing time;

control means for comparing the stock removal detected by said

stock removal detecting means and the model stock removal stored in said

storage means, determining timings for dressing and/or replacing said

polishing pad in accordance with a difference between said stock removals,

and outputting determination results; and

display means for showing said determination results output

from said control means.
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2. A wafer polishing apparatus comprising:

a turn table for supporting and rotating a polishing pad having a polishing
surface;

a wafer holding head comprising: a carrier for holding a wafer and pressing
the wafer against said polishing surface under a predetermined pressure; and a
polishing surface adjustment ring for pressing against said polishing surface under a
predetermined pressure, said polishing surface adjusting ring surrounding the wafer;
wherein said wafer holding head presses a face of the wafer against said polishing
surface while rotating; and

detecting means including a single detector for detecting a movement amount

of said carrier on a central axis of the wafer with respect to said polishing surface

adjusting ring.

3. A walfer polishing apparatus comprising:

a turn table for supporting and rotating a polishing pad having a polishing
surface;

a wafer holding head comprising: a carrier for holding a wafer and pressing
the wafer against said polishing surface under a predetermined pressure; and a
polishing surface adjustment ring for pressing against said polishing surface under a
predetermined pressure, said polishing surface adjusting ring surrounding the wafer;
wherein said wafer holding head presses a first face of the wafer against said

polishing surface while rotating;
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a pressing member arranged between said polishing surface adjustment ring
and said carrier, said pressing member having a plurality of surfaces or an annular
end surface for pressing against said polishing surface under a predetermined
pressure; and

detecting means including a single detector for detecting a relative movement
amount on a central axis of the wafer between a second face of the wafer and said

pressing member.

4. A wafer polishing apparatus comprising:
a turn table for supporting and rotating a polishing pad having a polishing
surface;
a wafer holding head comprising: a carrier for holding a wafer and pressing
the wafer against said polishing surface under a predetermined pressure; and a

polishing surface adjustment ring for pressing against said polishing surface under a
predetermined pressure, said polishing surface adjusting ring surrounding the wafer;

wherein said wafer holding head presses a face of the wafer against said polishing
surface while rotating;

a pressing member arranged between said polishing surface adjustment ring
and said carrier, said pressing member having a plurality of surfaces or an annular
end surface for pressing against said polishing surface under a predetermined
pressure; and

detecting means including a single detector for detecting a relative movement

amount on a central axis of the wafer between said carrier and said pressing member.



