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SEM CONDUCTOR DEVI CE MANUFACTURI NG METHOD AND SEM CONDUCTOR DEVI CE

Technical Field The present invention relates to a polishin
nonitoring nethod, polishing state monik ori ng devi ce and poW@WM{@”m,m”””"L
apparatus suitable for use in the%ggggk{z@(tajqon of sem.conductor _devices in

a process in which sem conduct or ch as ULSI devi ces, ”8‘{1???') are
manuf actured, as well as a process wafer used in this polishing apparatus,

a semco evi I 0 i hi li shing apparat us,
and a sergnancoyTTeRRANK kGNP IO hofisHhutrsi PRARYIrBR AR
Technol oQyEFCE SFOIIRAING APPARNIU R PROCESS WARER. t@@ﬁmm hi ghl y
integrated and smaller in size, processes require or the manufacture of
such senRBVHIE MANURASHURING METHODANBDSEMECOMD UGF@R MEICHIS and
conplicated. As a result, the surfaces of sem conductor devices are no

| onger always flat. The presence of step differences on the surfaces of
sem condurdchhicslepitlges | eads to wiring interruptions and | ocal increases in

resi stance, etc., and thus causes circuit breaks and a drop in electrical
capaci tance. Furthernore, this also |leads to deterioration of the wthstand

voltage and t . of | LRl nsul ati Jilnmg. Meanphi | e, as
sem conduct or hﬁlr?ﬁo(eféstéé{ﬁggﬁ}o?lgﬁllaﬁg%ﬁg@%h%é&%e %%Orn 2[8 P%m%?}mldh?@bsng’tged and
smal | er istatsoaitotifeddvighindpolsiing uspaedtenglitabledor weiih dRplagiiesti@xgosur e
appar at uses,usgd i n_phot ¢l i t hography . have beconme shorter, and the nuneri cal

aper t ur esSemggondyctardqvices iha procesHi wWhich ssmisapdueterdesaces (sush@p WSki conduct or
exposure [ O I s of
Tho. proj oo S Ee AR A o pBE brockS: bRl e e ol AR o PERLE,
subst ant iasdeimjcaidattbodeiice hmanufactening methad dbiag shis polishirg @pdtdis28i £ i ncr eased
shal | owness.of .the focal depth, b i,S necessary to flatten the surfaces of
seni cond SEREGOnARSHPTIayIGe gnap cé‘éf?‘i yHE@P’@&“’ahan has previously been
acconplished. To describe this in concrete terns, a flattening technique
such as that shown in Figures 11 (a) and 11 (b) has becone essential in
seni condBackgroppddeduwelpgyHer e, a semi conduct or device 24, an inter-|ayer
insulating film22 consisting of Si02 and a netal film 23 consisting of Al
are formed on the surface of a silicon wafer 21. Figure 11 (a) shows an
exanpl e i n whiAdseiticondatter mteprgted cciisdal@Bedonlethard hoshly hfegbel ag@ of the
sem conductor device is flattened. Figure 11 (b) shows an exanple in which
the net alsnalleningizegprocesessigarizdfop therpanudeatire o surkt ssmicpadieter integpased shed,
so that a; . ] . eni ] ol i shing or
cher cal HeaREm e HleoiRRRE B ferch B oo IR SR I B WLERSRY) ' P

at t r act edemidoadtctondexices arsatolongdr atwaylsdlat.| Bhé presenge of stepidiffesanrecomthect or

devi ce surfaces. . . e . . .
surfaces of semiconductor devices leads to wiring interruptions and local increases in

resistance, etc., and thus causes circuit breaks and a drop in electrical capacitance.
Furthermore, this also leads to deterioration of the withstand voltage and the occurrence of

leakage in insulating films.

Meanwhile, as semiconductor integrated circuits have become more highly
integrated and smaller in size, the light source wavelengths of semiconductor exposure
apparatuses used in photolithography have become shorter, and the numerical apertures, or
so-called NA, of the projection lenses of such semiconductor exposure apparatuses have
become larger. As a result, the focal depths of the projection lenses of semiconductor

exposure apparatuses have become substantially shallower. In order to handle such
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CVMP is a process in which irregularities in the surface of the wafer are
renoved by conbining a chem cal action (elution by neans of a po1| 39’(“"n§00"
agent or solution) with physical polishing; this process is an influential
candidate for a global flattening technique. In concrete terns, a polishing

agent called a "slurry” is used in whi polishing particles (generally
silica, andteased skilloWkss-NRX sl deBlL itis AERs PP RAMARH thduRfalBABIM such as an
acid or alkali, etc., in which the object of ‘polishing is soluble;

pol i shi ngemicopdustentevisep toe grsdtehgegippihgn has preeiously be¢madchmplistfedr sur f ace
with a suitable polishing cloth, and grinding the surface by nmeans of
relative notion. Uniform polishing wiwthin the plane of the surface can be
acconpl i shed bo desksiitethistie campbte eainsonflakendigcshtiguendh spgRdsifvial ati ve
notion unjiformover the entire surface of the wafer. This process still
suf fers figHehhh( prdbl &ndas heqomeassentiahinsemisrgdystorpreesssesn tese.d

sem cond el C: k . J <Rk t ins to
be sl vedomonBht RS RS 24 hf irer IR dlting 1T by BHANIO, U o WERE 1F
pol i shi ndilmr23painsistingof Ahatp doried odtthe Jurfidet b€a bitieop olafed R NFigurOTL&Y i s being
per f or med %i .e., in-situ npnitoring of the p?I i shi ng state). There is a
great derrBAWS PRFxanmle in which thesinter-1ayep msylapg file 2305k surtace pEthency as wel | .
~ a ~aN 200 3nkiktGMRvickas NatdRESFi N e esul t of
| ocal di ffe;eﬁces i nev%che t enper at i@r&%éé gfgb??#%ﬁ{%ﬂ;%{ao ﬁfﬁ%@ﬁé%@%&% t he

pol i shi ndilmad3 emitie dinfficerod tlweseniicondnetor dewdéet is polishefl, i thatraysoseaplpdy, as wel |
as differgnces in,.the pressure distribution,.Furthernore, there are al so

di ff er ence8MMFPhe® E‘%{P}%th m @eﬁ%‘@gpﬁqur Fxgwg{mﬁcpﬁga urf ace

condi t i orptarafizithe (RadafidtGefefred EE&SIOMP Phad hfiicted attBRidO)siaShihed FRltRe
according to the nunber of wafers treated (deterioration caused by use) and
i ndi vi dudlattening ef syrbsemiqondpeiondayicesyefdceset c. As a result of such probl ens,
it is difficult to determ ne the endpoint of a specified anount of
pol i shing by polishing tinme control. Accordingly, nethods have been
proposed in WGMR i$ dproeodiiniwhich isreglbbties inalt stfabeoNBa skafdrige fntveBbOr

torque or vibration, etc., in situ instead of determ ning the endpoint by
time contPBbiniag e gheppicplagdon (lutivsrhy meansof p potishiag agent presodution) BthOVP i n
whi ch t heyoBLAN .1 haty: i WoloTlP f Iyt 5.0 i g, CWP of

W ring rrgjt g? Falﬂgﬁg}lh%\/%lgi irol': ?ésﬁamsl? {glg%ﬂga 1 P%‘%‘?“? @?%\égbé‘g@%ﬁf wever, in
t he case tedhngjukei doeoneedte tesmey a folisbimg laperdtceledoat dhwryisis usddeinevhish polishirg

variation in.the material that is the object qof | i shing; acgordingly,
t here m?aﬁﬁ’lisgg‘?%ﬁﬂg ‘]i?‘?‘i" fmina ASEIR ‘?#é‘f » 816 c?fggﬁgerée_riﬂ‘g@i‘ﬂ?dﬁ?‘@ SUFE S cul t .
Fur t her nen@cid dF aliE, 683 & RhickMR SHjedtBE BEHIMRES sbinbldl %liﬁgné sl ABsedith 1S

necessary to cont rof. the inter-wiring capacitance;, accordingly, control of
t he resi duedeed by appliinglpnessureite theowafer Bufacawithra suitable polighing cloth, amke

pol i shin ' ! pfricult to .measure the.filmthickness using
net hods t%ﬁlgl? H%ce%ké;%urﬁfaﬁé b& %éeqﬁ;n%%raﬁl%e %ﬂf’t’loﬂ'- ?nftﬁrrﬁgggﬂpw;{?m&he H%PE‘) Pft or que
or vi br atthe©surfaeé can lRegedinplishet by medlaniEthe Applidatibh BPpREsukdendPebSbf Ng st ate
(in-situ endpoint determnation and in-situ film tﬂi ckness neasurenment,
etc.) by reigtiyemptiopuaiforanevsr the calee t@es of bawajerpy t he neasurement of
spectroscopic reflection, as described (for exanple) in Japanese Patent
Application Kokai No. H11-3390l, has been considered effective. In the case
of such noni t dhisyrocdss stikk syfidrs floimnmaisyt priobles it kemsei satchir it f

spect roscogi c.reflecti OH’ the wafer that is the object of polishing.is

i rr adi at €QOYAHANS sEiRRdyStonpTocessesngic ensneraly: & RIOR REAbiAM Bt [EeIAIRHP RS or

pol i shi ngoRRdROMBhitdr Isl i shi ' : iations in
t he spect rglgqopi c ;de%ggg?%?(?gh%# S’Edﬁg(dlgi&ghﬁh?g%e g%%ggp%t?%%g@ﬂ%%mf er. 18
J U N 2umelighing gidpoinsf ¢t while theqrolishieg puicessie ieing peefomnadf(i.a., wasiar on whi ch

a sem conduct or el.enent. i.s fo may be vi ewed . superimposi tion of

l'i ght vvaveosmﬁ‘o?%%o\k/glreipgﬁfghlfl%f/t@{ege ih e)(vsa*f‘ grgﬁgsfwzgrot?ustlﬁ eraaé% UBPTOVHIS nat ed
thin fil ik protdde eti@icoraBwmeil. t he spectroscopic reflectivity varies
according to the thickness of the |layer that is being polished (i.e., the
uppernost layer). This variation is stable (reproducible), and tends not to
be affected by the interposed slurry, non-uniformty of the filmthickness,
or recesses and indentations in the surface or interfaces, etc.
Accordingly, if the polishing state ascertai ned by neasurenment of the
above-nmenti oned spectroscopic reflection is nonitored, the wafer thickness,
anount of polishing or polishing endpoint can be detected accurately in
spite of the above-nentioned noise factors. Furthernore, the anmpunt of
polishing can be indirectly nmeasured fromthe initial thickness of the
waf er and the neasured thickness of the wafer. In the above-nentioned

. a_ - o, T T . s .




Furt hernore, since the neasured spectrumis also influenced by the
spectroscopic sensitivity characteristics of the |ight-receivinggsemns g
that receives the reflected |ight, the waveform of the neasured spectrumis
al so di sturbed by these spectroscopic sensitivity 1 8 JUN 2004
characteristics, so that the precision-of nonitoring of the polishing state

al so drops in 1} ltiNPprRgatichaa tl;ﬂ?l%dﬁighﬁ@rr%‘é%ur as ia?@s%lttmoépﬁﬁfef&é&oﬂitﬁe.

sensitivity characteristics o I "ght receiving sensor also vary with
el apsed ttempsraturedistributien omthefsurface afahé pojishingtpad apd diffdrenvgs stthee drops in

this regard,as well. Furthernore, even thou the precjigian tends not to be
af f ect ed CBW@%S‘? Utpdey 8 Wpﬁﬁs ﬁiffer?rgze%@gg? B‘lﬁﬂsﬁg‘f’ glsjf@a‘ﬁelé- the effect of
the i nt ermemesnsit théné aBY£8o 8iffekddBEs inTh@pslRhingGaletahRADS VaRiStidseg s on of
moni toring of the polishing state. Disclosure of the Invention The present

i nvent i orsutfaes epaditions of the pad Hue tof dressingap duap indhg polisbing ratsjacendingfto thiee

resent | ' | rQyl l.shin t at e poni tard-ng et hod and
Dol 1 sni ngobat b fatef bl QelSiaflof BlsE b ool BBl SRR M0E e
preci si orpad$ used)étt.oAl agesult dfkeckpprlobkhisniy iSSdiﬁﬁc&hﬁc tg ldéteignme :tlhéd;]ﬂdpginaapﬁr atus
whi ch uses tnhi olishing state nonitoring nmethod and polishing state

moni t or i ﬁﬁeﬂg?}f%‘g‘?“‘ﬁl????ﬂg?hh‘%ﬂ@’, polisBingdimeeniiel. of the present invention is
to provide a process wafer which is suitable for realizing such a polishing
state nmonitoring nethod. In addition, another object of the present

i nvention is tAccprdinglgem¢thddshave bearoprdpedediin déichake amdpoimdd detérignedet hod i n

whi ch t he ocess.is.made nore efficient by.nonitori he polishing state
Wi th goodVBlegaraRRg NGRS A TUERITY 610 db o wstepbf determining the

endpoint by time control. Such methods are somewhat effective in the case of CMP in
which the material that is the object of polishing varies (e.g., CMP of wiring materials or
CMP in which stopper layers are present). However, in the case of silicon wafers with
complicated patterns, there is little variation in the material that is the object of polishing;
accordingly, there may be instances in which determination of the endpoint is difficult.
Furthermore, in the case of CMP of inter-layer insulating films, it is necessary to control
the inter-wiring capacitance; accordingly, control of the residual film thickness is required
rather than control of the polishing endpoint. It is difficult to measure the film thickness
using methods that determine the endpoint by in-situ measurement of motor torque or

vibration, etc.

Recently, therefore, monitoring of the polishing state (in-situ endpoint
determination and in-situ film thickness measurement, etc.) by optical measurements, and
specifically by the measurement of spectroscopic reflection, as described (for example) in
Japanese Patent Application Kokai No. H11-33901, has been considered effective. In the
case of such monitoring of the polishing state by the measurement of spectroscopic
reflection, the wafer that is the object of polishing is irradiated with a probe light during
CMP, and the amount of polishing or polishing endpoint is detected during polishing
according to variations in the spectroscopic reflectivity of the light reflected from the

wafer.



be manufactured at a | ower cost than in the case of conventi onal

seni conduct or devi ce manufacturing methods, and [b] a | owcost 18 JUN 2004
sem conduct or device. The content of the present invention will be
descri bed below. (Invention Clained in Claim1) The invention clained in

Caimlis a polishing state m)nitoring4 method [a] in which the polishing

state of an Ohli%%Eﬂéhftedoﬂénhgi?é ﬂﬂisﬁ"é%ﬁﬂfdcé oP?'vJa o YRR icBfmRdroad
bet ween a polishing body and this obj ect of polishing in a state in which
a pol i shiekemengénformed mgy beiNieved a8 aisgpérimposptomen light weess ftdm sagmisilaferng body

d obj ect of polishing ,and ing.the polishing.body. and obj ect. of
pol i shi ndt JigveParS oL e svics (eipaeiour s HisvaBfastn e srpcsbIooBisi ng,
and [b] irBfladtiva} vhiids dcBErdafay ehd MkhOR A 1REFG thaAfis Rohd pIisAE] [i%.Ithé adi at ed

with a probe light emtted froma specified 1ight source, [Ii] a neasured
spect r umuppeEtest layee Thisevaription isfstabled(répreducible) tettends 1t taboeleatehby oned

obj ect i.Shi LS ired durdn l.1,shin and [iid.] ;the. .
above- ma(rjlE ?glgéerhé%g Irglglgh’ P %cgr%gﬁ'gérém}ysolﬂ%%ﬁ{ngﬁggmgm gﬁbecfjsgﬁ[%“rﬁ ‘hée“é%“inﬁé“ basi s
of the ahhyseurfaeabt nerthcs® @eurAtofiiegdy i fhe M@ﬁih%&ﬁf&e@eer’tdihédfﬂys moni tori ng,
a specified reflective body is irradiated wwth light emtted fromthe
above- medR¢asement ofithe abnyegaentioped spestrpicepicirpilection dghmoniterpd.iihe watersane as

t he abovep; | s hi : b i ' d. £ t he
above- ment i nsy JnPoEishindch pohiflFShdifik Ll be dcttied Bl BEreaR: |

ei t her prthoabdve-méntioped naiké fagtord. Furthemharegtheaniountsfhotibhing tarobe pdirechyi ng or
during the polishing of,.the. above-nmentione bj ect of polishing, apnd a
refer encéneé“ggzr@fl ?H?H? &ﬁil@ﬂa{]@wﬁﬂﬁssé’ﬁg&‘?’%}cﬁ’i %ﬂ% tBT’I @eﬁ?‘tﬁ?fl thﬂ“&PF%?é’cfé‘éF Wotet-ni s
reflective body is acquired; then, the above-nentioned polishing state is

nmoni tored during the polishing of the above-nentioned object of polishing
on the basis dntheaboveimentionsshiopveritionhkemenitaringrdithe polstingestebed spect rum

to the aboe\:/ae- ment{ Seg n! efoer.ep‘&ﬁ ﬁ(gne%%erum Furth rm)ri;l, l.i gnht vvitth numMer ous
wavel engt N COTPEHeN E SR RIS “HPE e I GREISUBESPEen i i iy the;spgctrum
above- nerint@Rey apveiRs Wagllengng) of e ligh Péﬂefcféégaly'tﬁé HferiRBcatddqhe

above-nentioned refl ective body. It is desirable that the above-nentioned
ref | ect i veeqwasomateslestivity; sseerdinglis dgveuld appeat that thetfilmcthicknesesese., cauld s
reflecti : : . BN oscopi ¢ characteristics. In
or der to\h:%rlrgl%%\éé ggﬁgﬁﬁfn?grﬁ%ﬁ@?%eﬁéﬁﬁ%gp%ﬁﬁé "spectrumthat is acquired,
it is desirable that the reflectivity of the above-nentioned reflective
body be 20% or %.eater; areflectivity o{) 30%.0or greater is even nore
desirable, a rMBHHSEIERQWEVSE t Igwing prablemsialis¢ipr e desirabl e yet, a
reflectivity of 70% or greater is still nore desirable, and a reflectivity
of 90% or greater is even nore desirable. The above-nentioned rel ationship
is a rel ati onSipegficalljhecedsnredrspestnme it infleaicedinoti anly bythedkidkings af thel at i ve

spectrum,wi t h.the oye-.nention r.ef erence spectru S reference. The
i I?n ensi taneéf’fgled’i’a%?rﬁéa%ng%gQﬂﬁgﬁgzlter igp Strléﬁ'%}’gﬂ'}&as%gé rum (i.e.,
the rati Qpedirdséispid éﬁa@éb‘@érlsﬁg@%fuﬁl\ll@ggﬂ%ﬁ%%ﬁﬁﬁi@@%é pHIbE Hgﬁtﬁﬁatiiﬁacﬁ%h f¢ of the

ref erence spectrum at 1 04 7 various wavel engths) may be cited as
an exanplvéfer Atwereswlbvke wavefpwnefithe aneasured spricoumhis disturbed adeerdimgtodhe

i nvention.j . 1. h..a, relationshib. .l n.the present invention,
t he abovgP %r%irr?? ?@ﬁ%%ﬁ%g%hstrug%&;%%(l:lglrltus‘r??qu?cg’ %{:%ﬁtl tﬁ%glfa fﬁllﬁlﬂ'ﬁgﬁgfﬁ"scﬁ%‘g, and t he
pol i shi nglwiatbe deﬁerﬂmﬁreﬂtvﬁt}esilfﬂuélhtr}ﬁecﬁﬂbﬁ,3liiisrlﬁal(ihg1pfébis6}ndhitoﬁh%obﬁhéi s of
this rreasuij,ed spectrum .basically, therefore, nonitoring of the polishing

state badedshine state impassiblendmaddiftons siaee thespessioscanis shasactasistirsofitha lighted.

source vary with elapsed time, the precision of monitoring of the polishing state drops as

time passes.

Furthermore, since the measured spectrum is also influenced by the spectroscopic
sensitivity characteristics of the light-receiving sensor that receives the reflected light, the

waveform of the measured spectrum is also disturbed by these spectroscopic sensitivity



Furthernore, in the present invention, the measured spectrumis p%t lﬂf%b’o
"as is;" instead, a specified reflective body is irradiated with Iiﬁ;
emtted fromthe probe-light Iight source either before polishing or during
pol i shing, and the spectrumof the light reflected by this reflective body
(reference spectrun) is acquired, then,5 the polishing state is nonitored
during pQhhshi-e:Qn | .S ol at i ectrum
o the ©oranohgiaid oA (HEPIESisRin ff o Bt of Hchohe bR AEARGER BRET
measur ed regeed s walli Moetdver, simbe shaspoettbsaopic sensitbdtytoharaateyistis of i light-

I e light source, and cha[l?ges over, time,

spectroscopi.c characteristig ft
tﬁe r ef errg%é@n%f)eé’é?rrﬂ?ﬂm“f@e"??@St Hmedthe percisioneipenttasing of thepplishinghe sane

way by tr},@d@%?g [OREaRbGd e defct eri stics of the light source; consequently,
the effect of the speciroscopic characteristics of the |light source can be
nore or | ess excluded fromthe above-nentioned rel ati onship. Furthernore,

if the respectd ve beans of reflected.l.ight that are.received when the
neasur ed spectﬁr%t?he%%e’reé?%}l@ﬁlgh ep@ﬁ?lf‘lﬁﬁ]teéjrdén %ta&ep@%ctg&byﬁgﬂ%%e%y t he
same | i ghturfys@tdh déshabRan s&uce tHeaffebt\6f theimtipoed shRSCIvel Mrdid inBAstioed
spectrum.are influenced in the sane way by the spectroscopic sensitivity
char act erineasg shegpregipion of gronitpregpitha golidhwembstateaccor di ngl y, the effect of

t he spectroscopic sensitivity characteristics of the light-receiving sensor
can be nore or |ess excluded fromthe abovenentioned rel ationship. In the
present iDisdodureof the heventionie, since the polishing state is nonitored on the
basis of the above-nentioned rel ationship, the precision of nonitoring of
the polishing state is increased. Furthernore, in cases where the reference
spectrum i's ackidipeflnPhl@itichQvRAel R (gt be e HER BB Bnt Btbcldbitk

ref erence spectrum be acquired inmediately prior to the rnithation of

pol i shi ngresentinventioniinto pravide apolistang statemhastering nidtwdomidrpolising state at  whi ch
polishing is .18 JUN 2pp~.initiated, .in order to excl.ude the effects of
changes g{}%}ltoflinﬁéle‘élge f’vg}cge{gal‘ieﬁi goqs@?ep(%gqrszfsg?h@re@a@pgé MOMRYRAL @ ri‘ﬁges over
time i n tHREsISRE Shfed @R polishiia pphuaius WHiPuRl tiSifolishflylstOHohRog the

| i ght-receiving sensor do not appear in a short time, it is sufficient if

t he ti me methed andepdishing statd manigdringrdsvicef er ence spectrumto the initiation
of polishing is a tine which is short enough so that there is no

conspi cuous appearance of the effects of such changes over tine.
Furthernore, @GuathpitsenotHeeobjbaE tieptiedn dffefidd is o p@vileal Robdis Wit

detection (or determ nation) of the remaining filmthickness, amount of

pol i shi ngViash issitale foy realiziig syeh applishing stats neonitoriag methad ai m 2) The
invention clained in daim2 is characterized by the fact that in the
invention clainmed in Caim1l, the above-nentioned probe |light and the
above- ment i ondd alldigihn, anbther olyjectiof dot Erelsenhinventivm ialbopeviderjh) oned refl ective
body are directed onto the above-nenti oned .op|, ect of, poljshing_or. the
above- mﬁf?&?&é“&%ﬁ%ggﬁ%“&yﬁquﬁlgethwglno\p/hlﬁgl,l@ REPFHR hm# THeg of Ciee
above- meryyl etbring thSHuIEind Qe with gBb® BrebRon2ROMET WRNEIHANELr BERBS Lhght and
t he above-nentioned l'ight that is directed onto the above-nentioned

ref | ect i \be masyfachired df & lowierdosp thao ipthetdasmef eonvertimnalrsmicandnetondedceobj ect  of
pol i shing_or -t he. abov. nt | d,reflective ho hat are exposed fromthe
above- ne%??nélrﬁag?}n lﬁlglllggtﬁ%ga%‘gg)s a kl“ﬁ'cf)ﬁtesefnﬁ‘i?é‘ﬁ‘(laéhéeé'llcgi med in Caim1, as in
this invention clained in daim2, w ndows nay be present in or absent from
t he polishing body. (Invention Clainmed in C aim3) The invention clainmed in
Caim3 is chahgconienteidhepresent igveation will be described baleit i on clainmed in daim
1 or the invention clainmed in Caim2, the above-nentioned reference
spectrumis acquired in a state in which the above-nenti oned polishing

agent i s (ImestigoChinedintClainh i ght path of the above-nmentioned light that is
directed onto the above-nentioned reflective body and the Iight path of the
light that is reflected fromthis reflective body. 1 8 JUN 2004 9 In the

i nvention cl aifRdnidntich @i id [ ' ] ' . the
reference spectr Sﬁér%ggl gllagj?)édb%rtggféﬁ?rl ée%i‘ @l%ﬁ%‘ﬂkt&é aolggﬁ[ldlll%mgh%a%]%n

4 n nay wth no po agent i nt er posed.
However , wifich the potishisgstalg o @e objectofi polishipg séichas polisheti by applyangtd load t hen a

e r oa teRveEn et 0y AR PisebSoctof fiiBinkin o P viich Ao fiRRpell °

spectrumis acquired; accordingly, the effect of the polishing agent on the
above-nentioned relationship (e.g., the effects of scattering and
absorption caused by the polishing agent) can be reduced, so that the

preci sion of nmonitoring of the polishing state can be further increased.




(I'nvention Cainmed in Claim4) The invention claimed in Caim4 is
characterized by the fact that in the invention clained in dairh8 BN g08e
invention clained in Caim2, the above-nentioned reference spectrumis
acquired in a state in which the above-nenti oned polishing agent is
interposed in the |light path of the abdve- nent i oned light that is directed

onto the; < j . : ect | A the Iight
that s roprepoRyBeharfut n e ey aae Ko R0 sl B naRBbadnP e, " e 7'
subst ant ipalibhing bedysaniotject bfipolishag tappdvieeelativy joregchi bthendd mshitargd dfiriddhe
above- nent i.gned ohj ect Qqf, ishing is applied between the ahove-ngentioned
pol i shi né’obgﬂi}g’éﬁ [ﬁ%@ ‘%nggi%ﬂl’?&ﬁ@an &Fﬂ@&@@ﬁﬁ@‘?g InirpABisdWiEhe | on
clained i j ; 4 i shing body
and the Py i (R spRBed it SPuBblli| Pihe Sl Gl o TS

acqui r ed.spédsmwavef the light fefiested by ebroe-maevnediobjest cdpqlishieglisvdeqhieedahpingi ng a

| oad bet ween .t he pol.i ghi body . .and the ref|ective.body, that |.s.

subst ant ingﬁqyng’ﬁé‘ai’é eaaga%yﬁ-gx%g%e shing S&?feﬁ‘?ﬁbont‘tﬂﬁe ‘ingﬂ?iohé“%g OR he

obj ect ofth¢BdsisSdtithdabove-rhéhtioRedme e dpeftrurhhen the thickness of the layer
of the interposed polishing agent will "also be simlar to the thickness of
the |l ayer of the polishing agent at the tinme that the neasured spectrumis
acquired. Acc j 1.0t he t | QN ref.erenc JUmi s
acqui red whi cg{ur e%%?’slht légieofrlﬁ é‘g{?é%osp E{lﬁgﬂbegq%?ms fi T yé%gmﬁlal?%ds‘gﬁgﬁlgﬁte t hat
i's much chised from thdgbsieahentiohed lighttsains (folf exarhple, thizdipht Ry HP 8 sati® ds S
acqui redéégl nis the ccgse in the invention clained in daim3; accordingly,

the effe ovefRentionsd proRe lighte pit may, be Hghtihahisemittedifenge therabpyg-msationes can

be furth SE8, : rechshom: ' ' f i.shi ng
state cagfgg{eglgﬁcr egs%%réﬂég)ﬁfp PEI?? ﬁéﬁgb I%bgrﬂlgﬂéﬁﬁﬂgjd%ﬂ)%&%ﬁ%\?g%?%ﬁp%ai med in
C ai m 5) abbec-ineueoried@bject of prdidhing ofklaring theipslisiing afthe abawdmbytidned obget t hat
in the invention clained in Claim1 qr, the inventi clained in.Claim?2,
the abovd! REPiEnaRd F‘é?fg’fe@ﬁec%’eﬁ‘ﬁé@t"}‘lﬂ?ﬁ 1S§h%iﬂﬁﬁir?18d’?&fﬁ light f@ﬁfecteg by this

above- MentAQMeE bb@ isHliieeda g, theSabobt- jolishill§ stal hhe
above- nenti oned I%ﬁt %lhat i E&%}%ﬁaﬁgﬁ%ﬁ%ﬁ?iﬁéﬁ gmg%lggg{atﬁ.gﬁﬁogﬁ%g&dﬁl{#gcti ve
body and thérpolishipigtofblag aboye-mdngion¢dydhjedt loépolishingsdr the basls 6f ther¢litienshipfdfect i ve
body, an ile the above-nentiaoned reflective body .is.polished under _
subst ant ?%‘%]’ V?H%englgﬁ%cp@(%s&ﬁ#s@ﬁé}“gg q g %BYq'glﬁPth(ﬂ%%ﬁfﬁFelnF%?%ec Td for the
pol i shi ngrugtheinie ALY vithinbicdnRovARicagth cdinpeatits Midhts Wiitellipht, iRy, 99 hiten
claimed in Claim4, the ref|ective body need not be polished at the tine
that t he a &icgbene-mentianed prabg Hehiegd thedight thehirtediates the abavermensiongde spect rum
i s acqui reg il b§4s.he reflective body is polished under substantially the
sanme conditions as the polishing conditions used for the polishing of the
obj ect of polishing, as in the present invention, then the effects of

variations in_the thickness of the | ayer o ol j shing agent according to
the polishing IE’S_r@HF‘farb%g‘?t 'iﬁ&{’?‘f?ém@?tf%‘ﬁfl §3%F815‘h_ yelgavp t SREFiEORaRCx ed
during t RGafmeleAbiose haaf‘ev&pthgfrehgﬁidv@ityﬁaghaslfals}faqlabé Bidagrieary eé&b%ccﬁg&' shi ng

body, etc., wll ‘aiso be reflecte he“reference spectrum cordingly,
conpar ed characteristiosy émoidsntocimpironecthe 8/Nratiomfahe mhasupadespecttum thagist i on al | ows

the acquisit.ion.of ;a.reference ctrumthat reflects the effect t he
pol i shi ng§“dg& tltil%deé?lrgﬁgt a‘%{ﬂ??arfﬁg wr%'é)? the a@’%?'n}eg 1PH r§ﬁ%ﬁtgetbﬁ§¥ %88{)0&1 ns
when t he orgasatsred refReity 6T 3096 d€ Gbatce t eveRAsRE HEsHable, a tTRcETiEESt 509961 t he
pol i shing agent on the above-nentioned relationship are further reduced, so
t hat t he E5RaREISMoFe dIsirablaive pireflpctivity RE7Q96 101 steriey isttidkmoredlepimahlo andd even
further. - i i I: ] . invention clained in Claim6 is
char act erriéﬂ%‘%g&%b?ﬁ%ﬁ‘%@%&ﬁé&%%@% l;gtlﬂﬁe'e inventions claimed in Clains 1
through 5, the above-nentioned reflective body or a nenber which has this
reflective bo% ggs substantially the sarre_shape, and di nensions as the
above- nent i onedieEBp¥Emegtonsd re H?’P?%“.P is g relgonshipanwhishs the mgagwad spectvgs s 1
t hr ough i L tatd i mensi ons
of the o [DEEFEDREIIAM NG vl bt PR h GO e\ BREin s

reference. The intensity ratio of the measured spectrum to the reference spectrum (i.e., the

ratio of the intensity of the measured spectrum to the intensity of the reference spectrum at



1 B JUN 2004 11 body. In the present invention, however, the reflective
body or member which has the reflective body can be handl ed in {lge nangy
manner as the obj ect of polishing, which is desirable. Furthernore, in the
inventions clainmed in Clains 1 through b5, there are no particul ar
limtations on the reflective body; forl exanple, this reflective body may

consi st QhrigudkveRingthd) flky oe cliod A8 Bndc 88 0 aﬁoexg?r%ﬁgi[ofgleé Ribdinas the

above-nentioned re vity, or a mrror-finrs e.g., a

pl at e or however theipnésshieidveitiondonotiarhited, toatich 3 relffionkhipenbers are al so
suitable as the reflective body used in the present invention. (Invention
Clained in aim?7) The invention claimed in Claim7 is characterized by

the fact that thhd f8schPiOBAHAEN el BbTRhehilodddahdRsbred [sBdettulifisabQyfsgment i oned
obj ect of polishing is a process wafer, [b] the above-nentioned reflective

body or tdueingpelishirg and theawlisking state is mongoredaluting pplishétgatinl sitw) antthe cont ai ner

T T N TR

menber i aselion the teaneeméntad speiosdvpitrefoctioni i9 featived. he tine of acquisition
of the above-nentioned reference spectrum using a device which sets the
above-nenti oned process wafer in the above-nentioned specified polishing

position f rom@ﬁﬁsmgqh%%%ﬁ?ﬁgg akﬂ%%easﬁ&d%?@ct%?ﬁ%& Péeﬁ“‘%ﬁsi"on’ the

reflective bo menber é ‘above nmentioned rerlective’body can
be handl anktead, 4 bgecitadarefleative bod istifradipted o gsligin kmittedoeara tish Iﬁtgb%l-light o
acquisitipon of the reference spectrumis sjnplified, which |s desirable.
(Invent | dfEbEsesrsRRiher beipreinalishing AL AYTRERALSBRERS e spechue of s Behts
char act errbaafdy hikefaiive by (refbrdidy sontf) i RURREL.OEn CheboRMAudth ai M5 1
t hr ough 5r thg)%atybove?neng iepng%(refrl (?ctS Ve b ééy ﬁs {:n’sta ’I edbl n ﬂ%& ‘%Z:ﬂ di ng
part t hatis mohidered during poleshingrn the basiobf the relationshipif thengeaburedrspeqinin &hi ng.
If the riflq!geﬁtive boq is installed in the holding part that holds the obj

ect of p THY ST H ™ *he present invention, then there is no need for a
stage in which the 1 8 JuN 200

Accordingly, even though the waveform of the measured spectrum itself is
disturbed and caused to vary by the spectroscopic characteristics of the light source and
changes over time, the reference spectrum and the measured spectrum are influenced in the
same way by the spectroscopic characteristics of the light source; consequently, the effect
of the spectroscopic characteristics of the light source can be more or less excluded from
the above-mentioned relationship. Furthermore, if the respective beams of reflected light
that are received when the measured spectrum and reference spectrum are acquired are
received by the same light-receiving sensor, then the reference spectrum and measured
spectrum are influenced in the same way by the spectroscopic sensitivity characteristics of
the light-receiving sensor; accordingly, the effect of the spectroscopic sensitivity
characteristics of the light-receiving sensor can be more or less excluded from the above-
mentioned relationship. In the present invention, therefore, since the polishing state is
monitored on the basis of the above-mentioned relationship, the precision of monitoring of

the polishing state is increased.

Furthermore, in cases where the reference spectrum is acquired prior to polishing,
it is desirable that this reference spectrum be acquired immediately prior to the initiation of

polishing or at a point in time that is close to the point in time at which polishing is



12 reflective body is set in the polishing position (as in the invention
claimed in daim7) when the reference spectrumis acquired. Furthernore,

it becones possible to acquire the reference spectrum during pol i §h1ﬂh‘g 2004
(I'nvention Cainmed in Claim9) The invention claimed in Caim9 is
characterized by the fact that in any the inventions clained in Cains 1
through 5§pitihR28, ARRIG1HBRULRNEE ofB4tE 6F cHahgAUVeP HinBSs it 28 1S %%C;ﬁéﬁbléﬁf&f and
t he above-nentioned reflective body is forned In an area o hi's process
waf er ot teenrsefsincetchangts wiverdime iethe pectroscopiv chamsteriati¢seaf thiuihight seureapr | n

aurmy  cothe PR ETRE Sinsbrifo S oot i & R Umact iR ot W R AR e

ref | ecti \ichuisition botheReferchoe spycaamitb thdingfatibh ef f)@lwhﬂfgtl's ¥ einkO@Nich $s Jneftmed may
be a large area corresponding to one chip, or na a smaller area. If the

refl ect i vaoRSP that therenbuo eanspisuoysrappearanaganfdhe ¢ f@@q df spolnehangesomer i t ut es
t he obj qﬁ{l of polishing) as in the present invention, there is no need for
the separate preparation of a reflective body. (Invention Claimed in Claim
10) The invention clained in daiml1l0 is a process wafer in which [a] a

refl ective bo s formed on the side of the polished surface in an area
ot her than t h?%@?%e’fﬁ‘éﬁ@?esé’gg‘e[%’f’v? H@ngi)ffé Rotishing stgteanclude defeetiont he

above- e [ t spot
That 15 ory SaREbalong ot i folfihe B BIKEE, Syl BPholoRh dpbisiadl o0
acqui r e tendpoief er ence spectrum (which is the spectrum of the |ight

refl ected by the abovenentioned reflective body). The invention clained in
Claim 10 is a process wafer which can be used in the invention clainmed in

G aim9. ((dveiss CRinéd A OBEnbp A aim 11 )

The invention claimed in Claim 2 is characterized by the fact that in the invention
claimed in Claim 1, the above-mentioned probe light and the above-mentioned light that is
directed onto the above-mentioned reflective body are directed onto the above-mentioned
object of polishing or the above-mentioned reflective body via one or more windows
formed in the above-mentioned polishing body, or else the above-mentioned probe light
and the above-mentioned light that is directed onto the above-mentioned reflective body
are directed onto portions of the above-mentioned object of polishing or the above-

mentioned reflective body that are exposed from the above-mentioned polishing body.

In the invention claimed in Claim 1, as in this invention claimed in Claim 2,

windows may be present in or absent from the polishing body.

(Invention Claimed in Claim 3)

The invention claimed in Claim 3 is characterized by the fact that in the invention
claimed in Claim 1 or the invention claimed in Claim 2, the above-mentioned reference
spectrum is acquired in a state in which the above-mentioned polishing agent is interposed
in the light path of the above-mentioned light that is directed onto the above-mentioned

reflective body and the light path of the light that is reflected from this reflective body.



1 8 JUN ~r)~ 13 The invention clainmed in Caim1l is a polishing 3%3&@ )
noni toring device which nonitors the polishing state of the abové- '%%ed
obj ect of polishing using the polishing state nonitoring nmethod of any of
the inventions clained in ains 1 through 9. The present invention nmakes
it possible to achieve highly precise nitoring of the polishing state in
the same manngp tRSinbéhtioAR14iMYE H CRNA 168 tReRlvéRid c?alﬁi%d}n Clh'irﬂ‘&gﬂae
(I'nvention Claimed in Caim1l7) The invention clained Claiml1l7 is a

pol i shi ngetapae mqq@umn@bhalsgb@muppémﬂmmm@slpog agdnt mgerlpoebﬂ dhavevehof di ng

part tha hi n polishin and .i.n which the
above- mn¥$§¢%§§1n§%%e®é ‘“g‘f?rb‘ﬁgeﬁag ﬁ? ZS &Bﬂnt g’ﬁg& r%regﬁ%f }f d bet ween
t he abov &hawthecvﬁ&dtslwlthethsmng agent 2aibd ARuabeitta ﬁ@ﬁé&haﬁﬁ@@lo@ﬂo&ﬁé st
pol i shing and causing the relative notion of this polishing body and

obj ect ofih B hsti;iﬂ Agasedspectum is acanipdihaccoptingly e gifeqiof thei polishing eges ed

bet ween t H@R# g bj ect
of poli sk??ﬁg@%\?lgs po Pgﬂﬁgagtﬂ)gl%)ﬁl ? ?ﬂg}%fégf’égfg&?séa@tﬁnﬁ??%&g@%&gﬁ ?]I ﬁg state
noni t ori rby thepolishirighaent) omsbe tedhesl, sdithat the @ricisich ¢f oniedingf hepolishihg Si nce
t he present |nve1%FBn s ﬁgglpped with the pol i shing state nonitoring

devi ce t e earRe frtherdacteasedi nvention claimed in O aim 11, the polishing
state can be nonitored with good precision; as a result, the polishing
process can be made nore efficient. (lnvention d ained in Claim 18) The

i nvent i or{lnyentioredlaimeddnallaini8) i s a pol i shing apparatus which is equi pped
with a polishing body and a hol ding part that holds the object of polishing
during polishing, and in which the above-mentioned object of polishing is
pol i shed by apmeMhwition bﬁﬂﬂe@ﬁt@mﬁmﬂb&mﬁe%mwﬂa@ﬁhﬁ% kl?eflho&tmdy and
t he above-nentioned object of polishin d by causing the relative notion
of this paimsdhimglaimdyorsheinyentontclamed o Cmﬂg therabgvesmentioned referarice a

pO|IShIn t erposed. be n e_abo n |IShIn ody
and the 2 %’Slg%rrles it qﬁlgeecﬁ ) S%agecfn %%umﬁgl? |atsbﬁv?18wn¥ﬂne[% 2151885 '8 ﬁsgln tus,
the refl Qﬁthe\/lfghbpd}d dfﬂaechbsp@mtlmdtltgm &ﬁ@is&hféemﬂloﬁﬂﬁﬂe ammxﬁannﬂlea so that
this refleﬁtlve body faces the sanme sj as the side on which the

above- nerehlesize bagy and the fighipathsef the hgbt th@q ig reﬂectfdg"romlmﬁactm hody+ and
present VG P3ad HaPfSub tfaﬁg'tﬁecéaﬂegasteﬂé%aagggﬁédddu& pdifhfipgapart. 2
polishing state nonitoring device can rovi

realizi ngtbbmnpnﬂmrelcllorbg:csoﬁpoélshmg|1$ applied bemstehmmetdbaVe-nmnabmddLﬁoelshmge

I nventi O%oﬁl al cqrﬁlea gvegm%lnt%nSed rgglenc\tllggiaogn Gaimed in daim19)

In the invention claimed in Claim 3, a load need not be applied between the
polishing body and the reflective body at the time that the reference spectrum is acquired.
However, if the reference spectrum is acquired while applying a load between the
polishing body and the reflective body that is substantially the same as the load applied
during the polishing of the object of polishing, as in this invention, then the thickness of
the layer of the interposed polishing agent will also be similar to the thickness of the layer
of the polishing agent at the time that the measured spectrum is acquired. Accordingly, in
the present invention, a reference spectrum is acquired which reflects the effects of the
polishing agent in a state that is much closer to the state that obtains when the measured
spectrum is acquired than is the case in the invention claimed in Claim 3; accordingly, the
effect of the polishing agent on the above-mentioned relationship can be further reduced,

so that the precision of monitoring of the polishing state can be increased even further.



The invention claimed in Gaim19 is a seniconductor device manrf a&%g
nmet hod which has a process in which the surface of a sem conduc 8r

ring

2804 i s

flattened using the polishing apparatus constituting the invention clained
in Claiml7 or the invention clained in Caim18. In the present inve
the process is nade nore efficient by ﬁ%nitoring the polishing state with

good preqirﬁ,ie "néﬁtiﬁedﬁﬁ‘ﬂl‘lﬁnsfem conduct or devices can be manufactured at a

| ower

ntion,

cost than 1 n conventional sem conductor device nmanufacturing nethods.

(I'nvention Cainmed in Caim20) The invention clained in Caim20 is a

' duct [ which is, fact ured by e sem conduct or devi ce
Pt aot e i g TECRGRIOR fEmedin AT e SHAFSIATZSH DE 138 HEIRD AIPHEOn. Thi s

manuf act uri ng

i nvent i ORIRKEh ClaiBASsHithd fv.
cases where a netal is used as the above-nenti one

eflective In

r espect i \spedtraneistacquisedowkide the eblovesmontjonest pniishing agentispnterposeat ia thetights

I ncl ude Al Pt | Ni,. and, stai.nl ess steel, etc. As wa
descri bed°dthas Hiave prbiond Fenhsiis peions B8 e B hoiadTRleh: o

noni t ori n@dyehd e 1hdpalR\of &R ikt tat [¥Bkectdd 6 $hib kfldcRvd BRIyOMRd Whie the
preci sion of nonitoring of the polishing state, as well as a polishin

appar at usbars-ewntiened refigcsivabady smiolishedamdersulisfantipdlyi thesame conditions as the

polishing conditions used for the polishing of the above-mentioned object of polishing.

In the invention claimed in Claim 4, the reflective body need not be polished at the
time that the reference spectrum is acquired. However, if the reference spectrum is
acquired while the reflective body is polished under substantially the same conditions as
the polishing conditions used for the polishing of the object of polishing, as in the present
invention, then the effects of variations in the thickness of the layer of polishing agent
according to the polishing conditions, and the effects of bubbles that are admixed during
the relative motion of the object of polishing and the polishing body, etc., will also be
reflected in the reference spectrum. Accordingly, compared to the invention claimed in
Claim 4, the present invention allows the acquisition of a reference spectrum that reflects
the effects of the polishing agent in a state that is much closer to the state that obtains
when the measured spectrum is acquired. Consequently, the effects of the polishing agent
on the above-mentioned relationship are further reduced, so that the precision of

monitoring of the polishing state is increased even further.

(Invention Claimed in Claim 6)

The invention claimed in Claim 6 is characterized by the fact that in any of the
inventions claimed in Claims 1 through 5, the above-mentioned reflective body or a
member which has this reflective body has substantially the same shape and dimensions as

the above-mentioned object of polishing.

In the inventions claimed in Claims 1 through 5, there are no particular limitations

on the shape and dimensions of the reflective body or member which has the reflective

Eftio Mhida iﬁclm%tagéﬁ%ﬁﬂgﬁ%tﬂi%%%}é! ce. In

t he

S

g



1 8 JUN 2004 15 Furthernore, the present invention can provide a process
wafer which is suitable for realizing such a polishing state rqog:fg@r?[@?

net hod. Moreover, the present invention can provide [a] a sem ¢ C

devi ce manufacturing nethod in which the process efficiency is increased by
nmonitoring the polishing state with goéél preci sion, so that sem conductor

devi ces b . . at . i '
e conduinty TR SeRLHIEioR, hdbveuel Mo oA Bkive 1Ry bPmEABLERRIRIE e
sem conducflativel budy ean terhanfllelds trei spiie amannér dsithe Bbjawt ofpslishigg)rvehidh iss a
schematic, structural diagram which shows a polishing apparatus constituting
one mrki%@‘r@i‘?\f i guration of the present invention in nodel form Figure 2
shows a partial enlarged sectional view of the polishing apparatus shown in
Figure 1, and a di agram which shows the neasurenent optical systemin nodel
form Figure Furthemmqrean the imyenttons klaghedvs Glajmsok tesughat, ¢here aresioi t ut i ng

anot her worKi conf.i guration,of. the present invention.n del form
Figure 4 HAGC Pagihgﬂﬁgﬂﬁw rellie pﬂ‘éﬁe@& g’fﬂ@@fi’ tﬁlérr?@ec&y © Qg‘g'omiaié PRt
appar at usfeqhisiok wWhidhe fériiedlbyabahing b MAAIKIIROtheaRE MR EknBbnddre present
invention. Figure 5 is a schematic structural diagram which shows a

pol i shi ngeBessiitytarp misresfinished piptesteid.J 2 mael plete awsnikiondinisbed siljoorawatsn of the
present | '\ rgdcﬁgnén[i'beq? %lal %{1[{%1%1{-:: hgﬁ% Gf‘eﬁseckzi%e %oci}l 3% %] ﬁl%tpr%htcirﬁvérltfolﬂ.ﬁ rates

a sem conductor evi ce manufr ac

(Invention Claimed in Claim 7)

The invention claimed in Claim 7 is characterized by the fact that in the invention
claimed in Claim 6, [a] the above-mentioned object of polishing is a process wafer, [b] the
above-mentioned reflective body or the above-mentioned member is also held beforehand
in the container that accommodates the above-mentioned process wafer during the waiting
period, and [c] the above-mentioned reflective body or the above-mentioned member is set
in a specified polishing position at the time of acquisition of the above-mentioned
reference spectrum using a device which sets the above-mentioned process wafer in the

above-mentioned specified polishing position from the above-mentioned container.

In the present invention, the reflective body or member which has the above-
mentioned reflective body can be handled in the same manner as the process wafer;

accordingly, acquisition of the reference spectrum is simplified, which is desirable.
(Invention Claimed in Claim 8)

The invention claimed in Claim 8 is characterized by the fact that in any of the
inventions claimed in Claims 1 through 5, the above-mentioned reflective body is installed

in the holding part that holds the above-mentioned object of polishing during polishing.

If the reflective body is installed in the holding part that holds the object of

polishing as in the present invention, then there is no need for a stage in which the



process constituting still another working configuration of the present
invention. Figure 7 is a graph which shows the intensity ratio of §tJud 2004
nmeasured spectrum obtained in Experinmental Exanple 1 to the reference
spectrum ~auu~zoo~ 16 Figure 8 is a_ ,graph which shows the residual film
t hi ckness obtained in Experinental Example 1. Figure 9 is a schematic

structur bs Wea | . | Shi used in
2 Conpar ary e OB 13k ORISR JERERh A A AR I, 1) et o
of the nodeurtbarefprenderspectnim & acquirédn Rurthermare sit bevoness popdile toadguire tigf er ence
spectrum_Fiqure 11 shows copghegt ual diagranms which illustrate the

fl atteni ﬁ&éfeg‘ﬁﬁmeﬁéémlfg’é’&gipﬁl W& conduct or manufacturing process; these
di agranms are sectional views of a sem conductor device. Preferred Wrking
Configurations of the Invention Below, preferred working configurations of
t he presdhventioneGlained iniClainh®) described with reference to the attached

figures in order to describe the present invention in greater detail.
However, it goes w thout saying that the contents of these working

confi gur ati onsThdanvidtioh cliirhed MECISROP &5 HardcbeRizBd BS @Y fabttHNh by of the
inventions claimed in Claims 1 through 5, the above-mentioned object of polishing is a
process wafer, and the above-mentioned reflective body is formed in an area of this

process wafer other than the device areas (i.e., in a so-called dummy area).

In this case, for example, the reflective body can be formed as a so-called dummy
cell in which a film of a metal that has the above-mentioned reflectivity is formed. The
area in which the reflective body is formed may be a large area corresponding to one chip,

or may be a smaller area.

If the reflective body is formed on the process wafer itself (which constitutes the
object of polishing) as in the present invention, there is no need for the separate

preparation of a reflective body.
(Invention Claimed in Claim 10)

The invention claimed in Claim 10 is a process wafer in which [a] a reflective body
is formed on the side of the polished surface in an area other than the device areas, and [b]
the size of the area in which the above-mentioned reflective body is formed is larger than
the light spot that is directed onto the above-mentioned reflective body in order to acquire
the reference spectrum (which is the spectrum of the light reflected by the above-
mentioned reflective body). The invention claimed in Claim 10 is a process wafer which

can be used in the invention claimed in Claim 9.

(Invention Claimed in Claim 11)



First Working Configuration Figure 1 is a schematic structural diagram
which illustrates a polishing apparatus (or planarization apparat @sJun 2
constituting a first working configuration of the present invention in
nodel form Figure 2 shows a partial enlarged sectional view of this
pol i shing apparatus, and a diagran1mhi& illustrates the neasurenent
optical syste b Thi s 11841 1S, IS i:spped with
2 pol 1 shi g e G b e P R b Ao "

( her eaf t enonitirethe pdlistongstatepd khesthomer nvatidisdd) gbjan df polsbingatsingghagelithimuppl y

part 3 which supplies ol.i shi agent (slurr . 8 J 2004 17 In
the stat egtagﬁmﬁ&hn&'?l@@]og Oka%?'n%ﬁaf 5&9&“ ! %@Fﬁfhglﬁl%i élfmﬂéﬂhN%'egg%s a
process Rht ihbadtiondrdet ' : S i yacuum
BPcki mg I A Al pRRLE Mg o HeboPilE

whi ch i s sthitedbe darnemangeysis in te investions cléimedan Citiimang theougleP. 1. As will be
described later, a reflective body 19 is held on the polishing head 2

i nstead of the wafer 4 prior to the polishing of the wafer 4. In the
present \rvehtiéh Chithedin @hir@n7) t he refl ective body 19 has substantially the
sanme shape and dinensions as the wafer 4; for exanple, a mrror which is

formed by formng a netal film or a mrror-finished plate (e.g., a netal

pl ate or m rr of.f:l v L4 g ), d.. ] pvely,
a nmenber mhicﬁﬁﬁéga?@gggg%?%gﬁﬁyaﬁﬁg?%g%éhgggféggﬁaRgWﬁ§%§§§ﬂ§b§éfgﬁ% waf er
4, and whimihishiag bady edd £holding pgactdiatfhotdyabe objectof poBshinndingt polishigg Cane
portion aof this. mepber (i,e. n area_ that includes an_area caorrespondi ng
to the wilﬂa‘(t%whl ea ‘ieéfngqurﬂd ghiegicaf poliine is shed byeapphang, a lepdibstweeRd of
the refl qgd hngRerRd i nﬁﬂpl InfanIEEEEbid i MyWhi ch a
metal filmis For rrelgilli&}lp@kgglr%ti a a’gcrlgﬁét3 ac?gg?ﬁ%nsurfgg)éécg?f’%g%ﬁglgsangl%gt e. The
r espect i weuging thehelatjivénmation of thispadishipg bodyl atud/olgject i polishinggintaasate h vi a
respective.nechani.sns 6, and are arranged so that these i shing heads 2
can be caU¥el apghﬁhbt_lgaqgg,ht 'ﬁé’ggr_p% e&‘é{?elgvgf) F‘b%‘(ﬁn'rﬂ?t’toé‘e‘i H%l%l gtboélﬁfd‘nB it (i n
a reci pr ebavd-nentisiddob)ect 6f FoliskRgt <rhisf}ﬁ>1i_§hiag_%ﬁdr&as mgﬁipzae@mﬁhﬁe respective
mechani sme 6 as indicated by the arrows in Figure 1. Furthernore, the

appar at uPolishipg staieguenitnsingdgvice that eenspisies the inyehtiernélaignedda @laim tlarSibes

posi tion ' |4 | fac] lishing menber.1 (i.e.. the polishing
posi ti on??e gﬂg%eg% pﬁ%}é@l&?fé(? flﬁ%b gcggvitgW@o&w@pggc%t%m{)pﬁ%m}g éfv\lﬁgiql?tng position),
or a posicohstiutestherigvention blapraed MACIaInAYE, thebolidhistatd cilbe nbBiées with.- €., an
extraction position), as a result of the rotation of the supporting body 7
as i ndi c&088 PERFIMe asatetlt themolighiag processrqan be meade maoge ffigienti ty of wafers 4
and a reflective body 19 are held inside a cassette 9 which is used as a
contai ner that accommobdates the wafers 4 that are to be polished during the
wai ti ng ghrveotiorf Claimped insPlaing 18)The refl ective body 19 and plurality of
wafers 4 inside the cassette 9 are successively conveyed onto the stand-by
stage 8 by a conveying robot 10 beginning with the reflective body 19, and
the reflecti verHaqaaenti8n efaimed BrCiink Nts Misﬁ&%@pﬁ%ﬂ@%tﬁ@%&ui@ﬁ@d witgnd- by

stage 8 is held by neans of vacuum chucking, €tc., by the pol'ishing head 2

that is iarpoliskingdpdy syl abeldingaart that hokls shinobiea 4f pelishing duingarodishingend

acqui siti, r e trum or. .nol i shi.ng J.s perforned.as, descri bed
bl ow wi 1f o RgBe BN BB SR BB uige H P PR AT BRSO ' he
pol i shi nghd:gdeandntiohdtepglizhingtody apd tHetabove-mhtiGedtdbjdchbbpolishibglagfifbgct | ve
body 19 or Mf&r@ 4 for which the reference spectrum acquisition processing
or pol i sifEhnpiselatvemetionehthisnebisking dody and ehiess ef pelishing ine state sadi ng
stage frqQm;: I i1l I.Shl . A i nveyed
it o anon e R AEIE AN BB bLAbeRiod e BRI InER ARl Cin My B R
shown i n abbree-fiegtiored objibeof fdishinge & thinpdishingtabparams ke tdfleetipolsadyiions ar e
conpl eted, the supporting bopdy IS rotated so that the respective

pol i shi ngiliPQaféSOIQ‘%gP O%55 F‘?ti%ﬁégoidff‘gtif?ét P atithigseflestive hedyntages the &BC As s
shown i n sfeaiR dde th%h{cﬁ%ﬂéﬁlciv%é@n PlohsdoK)bet/df BeifsitnRBRNAVE @ retal ner

ring 11 (omtted fromFigure Is’used ' to prevent the wafer from
flying off. This ring 11 is not absolutely necessary. As is shown in
Figures | and 2, the polishing nmenber 1 is a nenber in which a polishing
body (polishing pad) 13 is disposed on a platen 12 which has an openi ng
part 14. The polishing body 13 is bonded to the platen 12 by nmeans of a

t wo-si ded tape or adhesive agent. The polishing nenber 1 is arranged so
that it can rotate in the direction indicated by the arrowin Figure 1. The
center of the opening part 14 is set so that it coincides with the center
of rotation of the polishing head 2 in the polishing position when this

polishing head 2 is positioned at the pivoting center.



As is shown in Figure 2, the polishing body 13 is a two-layer pad fornmed by
bondi ng together two sheet-form polishing pads 13a and 13b consi“sgti-'wg B a
f oam pol yuret hane, etc. A slightly larger opening parts is fornmed in the
upper polishing pad 13a, and a inghtI¥ smal l er opening part is formed in

t he | ower polishing pad 13b. The cente 4 of these openi ng parts coi nci de
with the cent an: of ¢ i S\l ¥ : nt acrylic
W ndow 15 15 | RoSrvEdTE i shOfHR ATV R R inthd AEERETARY The
upper polposibhing statedndifitoringhlevice cdrmbeprolided evhidhnid ouitable fon rédhieingithe of t he
obj ect of l.ishing is, slight ecessed with respect .to the surface of the
pol i shi nd’oﬁ ng sigte O’PF?émﬁg?‘?dé‘{ﬂ '&F@t Hatutes theygyent n&if"r&@ﬁ‘éi‘b lagfp & he waf er
4. As a result, the wafer 4 and the wi ndow 15 do not contact each other, so
that scratching of the surfaces of the wafer 4 and wi ndow 15 is elim nated.
The pol i <hivagtieny€lamal sufplpina é8) from t he pol i shing agent supply 1 8 JUN
2004 19 part 3 enters this recess. Figure 2 shows a state in which the
polishing agent 5 has entered this recess. Here, the polishing of the wafer
4 hel d by the Telihedntiog chaaéd i Clamh 19 $s Pastitdredr UevitdRaR@hétehRANI posSi tion
will be described. This wafer 4 is caused to swing back and forth while

bei ng r otmagthed whichfhas a penressrid vhidnibe sydace o iangmironductor wiafar isdlagerss ed
n y . it - o ed
S asour o Ut bl it Lontinidie EMNEINAPIRERL choillt 170800 L85 (o

per f or m dnveakiah clagmedin Clainnl8h respect to the wafer 4. In this state, the
polishing agent 5 is supplied to the surface of the polishing body 13 from
t he polishing agent supply part 3; this polishing agent 5 diffuses over the
surface of thq,p AsnPavEAhh. 4R predids &l e
pol i shi ng bodyn13 I?’;m%lnt ﬁlg waﬁ%ﬁér ras %ﬁe pglsﬁlléslﬁi%g%&%ﬁe% gl‘r?&ﬁﬁgﬁﬁttﬁv]\:}af er 4
move r el golisking stateawith godueprecisiony s rashi, seolicambdectosdevices eambe t he wafer 4 is
pol i shed. Specificall favorabl.e polishing is rformed as a_result of a
syner gi stniwéﬁg?cf‘gﬁ‘?gtoq‘ I%WEC‘?F&:IWQH?& vepfipnal g‘?‘ﬂ’ﬁ"@ﬁﬁ%(ﬂleﬁ’ﬁe pioufagiuzing, e

not i on ofpmdthedspol | shing nmenber 1 and wafer 4, and the chem cal action of
the polishing agent 5. Furthernore, as is shown in Figure 1, this polishing
apparatus is also equi pped with a neasurenent optical system 16, a signal
pr ocessi 1 - isting,of a personal conputer, etc., and a display
part 18 gglgﬁﬁésnélaé\ﬁol‘?ﬁle@@r?g%i ch displays the nonitoring results; these
parts constitute the polishing state nonitoring device. The nmeasurenent

optical system 16 irradi ates the polished surface of the wafer 4 or the
reflective bodyreinventipy clsimediia Glaim 3 isaysertieendaciondeviee whichdhi ng posi tion

Wi th probe Lieghleybele | - '&5‘5.- ol i shed
surface of tuhe \/vea(¥e$lt 4m§?ly\¢toﬁg9¥¥g%?egé‘%ep§aed%o ylr%k%tggé gﬁg‘?s’lta Yl}t%igghé; spectrum
and t he iimeation tlaimed maAClaima9.eThisghvention dmkecit possibje o progide aleeeosmi ng
sensor. This dgﬁg&(ﬁ){n signal is input into the signal processing part 17

as a measSHPE™ HCor reference spectrum and is processed in a nmanner
that will be described |ater. One concrete exanple of the neasurenent
optical system 16 will be described with reference to Figure 2. In Figure

2, light fromlacgsssovhercameliswisedss thoabevermemtonet ecflectivgbadyiinghd i ght

source is_converted intg a. |1 el light heam by a |ens, 32; this |jght
beam pas$ &P EHEIHEH n@ﬁ?stcng%f,ﬁ»gﬁ& q"@‘“gg’é 6’? g@rgpﬂa&e g’ﬁﬁ'idf tABTa/Sé“by a

| ens 34. P, Aggti, Nilad stainlesS sitklNeit004 20 has passed through the beam
sputter 35 is again converted into a parallel |light beamby a lens 36; this

|'i ght passes through the wi ndow 15, and is directed onto the polished
surface of th . kve . The.refl.ected |ight
agai n passes t S\rl\{g%sg esélrﬁﬁe%rdva%ﬁg%\}\}& %e%ﬁél@ﬁ%ﬁc}ﬁecr@ %g%‘?&%’r‘lgdilsgm%%%ﬁged on the
beam sputma@nitofifig methddendhieaive syhich telke i8 possibietdinipectd tha pacisidicofr ef | ect ed
light is altered 90,. and the light is again converted into a parall el

li ght bedRMBipPrizePe ﬁ?p??.sh“?ﬁéﬁfe’ phwell agm polishunganparfusviich ases dhis ect i ve
mrror 3 foniRffg netidCdtagdviep. @ pinhole 40 by a |ens 39. Next, noise
conponents such as scattered light and diffracted light, etc., are renoved,
and the light is projected onto a diffraction grating 42 via a lens 41, so
that the light is split into a spectrum The light that has thus been split
into a spectrumis incident on a linear sensor 43 used as a |ight-receiving
sensor, and the spectroscopic intensities (intensities at respective

wavel engths, i.e., intensities of the spectrum are nmeasured. In the
present working configuration, the size (i.e., the diameter in the present
exanple) d of the spot of the probe light that is directed onto the wafer 4
or reflective body 19 is set so that this size is sufficiently larger than
the smal |l est structure of the device on the wafer 4. Nunerous periodic

. S . Y . o o



1 8J UN 2004 21 and the above-nentioned polishing head 2 is neither
rotated nor caused to swing, [c] the pressing pressure (load) i SqrgyeN a4
| ess zero (with either a gap or no gap being left between the reflective
body 19 and polishing body 13), and [d% no polishing agent 5 is interposed
between the reflective body 19 and thel ndow 15, is stored in the menory
(not shown in Iiuli]t‘ﬁetflﬁ Hrtﬁé re%nté&\%nﬁbtg rp(u;aﬁﬁj)%&gs Rafet wh?chqg stifiBle
reference spectrum econd exanple ‘o processing, e spectrum
that is rfeasalizog kqphtdxmlrsbmglsta&tmpmmmgtmahodaystem 16 in a state in which
[a] the reflective body 19 is held on the polishing head 2 that is in the
polishing position, [b] the polishing nmenber 1 is not rotated, and the
above- ment i onegoReldrSthe fiersBﬁélee%ubﬁ REbidIEe (A4 é’én’ﬁ@oﬂ?ﬁ%to‘fﬂﬁﬁ@é’ to swng,
[c] the pressing pressure ( I's note or Tess zero elther a gap or
no gap benmglfacaﬂtngba@theém whigh thef precdss eﬂiciﬁmdy 1ﬂ190mm¢drbglmmhtommgbhnjy 13),

and [d] the .above:- nent d palishi ent is. inter oedb the

ref | ect i PEUBRE U %‘ﬁb ﬁﬁﬁ‘%’ﬁoltggc Sp lcé’t’g'fcé@ qeYicen & ?tH‘Ee Ghown in
the fi guragsweddost than $i EstventiAL SSicAgiuBRY Hevide ASnifAEtufif ﬁreqﬂfae a'ilaqs}at um
Furthernore, the above-mentioned polishing agent 5 can be int er posed

bet ween tﬁ\é!'cpétfﬂeé%‘tqndéc'f%@ﬂ)ﬂ@ and the wi ndow 15 by rotating the polishing
menber 1 while supplying the polishing agent 5 fromthe polishing agent
supply part 3 beforehand, etc. In a third exanple of the above-nentioned

pr ocessi MriefDeecripivntof e Diwwingss measured by the neasurenment optical system
16 in a state in which [a] the reflective body 19 is held on the polishing
head 2 that is in the polishing position, [b] the polishing nmenber 1 is not
rotated, and t ' [ ted nor
Caused 1o owi nae Ea FRaRmENEagtaal kaplouhtR e iRt AR

pol i shi ngohsgiytirig3one wirkmgmoafigunton bithe peesemirigventioh @smotiéldosane as t he
pressing pressure (load) that is applied during the polishing of the wafer
4, and [d] the above-nentioned polishing agent 5 is interposed between the
reflective bodygukd 2aRews Q?afﬂal"éiﬂ%‘gé@sec’t@nzﬁtv%vﬁgf the Bfiﬁnﬁ@%ayatﬁsr@fowﬁho"m in
the figures) of the signal processing part as the reference spectrum In
a fourthiekmwe & @ﬂatm@grmmchrﬁmsdg@memmmm‘g?al systers peuiodelnfotrhat i s
measured by the neasurenent optical system 16 in a state in which [a] the
reflective body 19 is held on the polishing head 2 that is in the polishing
posi tion, [b] Rifge3hoy plaimidv anadh spetVisa?mesﬁg@rat ccﬁls’tlﬁltlh?'faﬁditﬁéis@@lrk ween
the reflective body 19 and the w ndow 1 and [c] the reflective body 19 is
pol i shed cenﬁerrameftbrpreéettllt\wetl@lamn@dmaomn .ons as the polishing 1 8 JUN
2004 22 conditions used during the polishing of the wafer 4, is stored in
the nmenory (not shown in the figures) of the signal processi ng part 17 as
the reference Fégmfettrisjarﬂlagmm bvhrdhmhews the dsteatipl @sw i apolifiingagmanftagur at i on,

t he spectra ucce iV sure t he asurenent optical system 16
during t F8°$ ﬁr]ga“t‘.?fﬁéfWQ %‘?n é?ﬁ@nsogg‘reefaeteﬁ U8 pry (not shown in
t he flgures) of the signal processing part 17 as the nmeasured spectra

obtai ned at these respective points in tine. Furthernore, each time that a
measur ed spectFrigmﬁ Pds abthgmatid Stattlctaralgdlaenanpwhmh shows & pelishing apgatahs pol i shing
of the waf th nal oces 17 cal cul ates .(for nple) the
i nt ensi tforsatttwé)n Sft‘ﬁtaﬁﬁo eﬁ&’&@ﬂ?%&"‘?t%é‘g‘tq% lﬂt? RREILRE IR t”i‘?ﬂ‘?ﬁﬁ’%ference
spectrum (i.e., the ratio of the intensities of the nmeasured spectrum at
respective vvavel en%t hs to the intensities of the reference spectrum at

t hese wavel endfigiyy b ing ﬂPWé:haelvamlblrlﬂymseScﬁ sentieondwgion devicesmestufaetming t he

ref erenc | cul ates the
results %{éo%gﬁ({ngﬁuﬁggo 1fnltlle po ﬁgﬁfzgﬁ?@érg%tpﬁé}“%n?vaeﬂﬁ%l}i t he basis of
the intensity ratios for the vvavel engt hs thus cal cul ated, and displ ays

these results on the disp|lay, part, or determ nes the polishing endpoint,
and sends a cOnHR li t8tap ﬁﬁgﬁtﬂ’@“pélrwtﬁnﬁﬁymrﬁthedﬁeqserqdwe@mro| part

of the abpugndiBRExBESHRA ESiidio1 &k, pol i shing endpoint is
det ect ed. For exarrgl e, et he fi ﬂ?nt%?@%r{ess (c) ﬂlaayer that is being
polished (i.e., the uppernost |ayer) is calcul at ed fromthe maxi nrum and

m ni mum posi ti ons (wavel engths) of the waveformof the intensity ratio of
t he neasured spectrumto the reference spectrum and this filmthickness is
di spl ayed on the display part 18 as the nonitoring results. The polishing
endpoint is then detected according to whether or not this neasured film



t hi ckness has reached a specified filmthickness. O, for exanple, the
amount of polishing is determned fromthe initial thickness of 1tfigypejypr
and the filmthickness of the layer that is being polished (i.e., the
uppernost layer), and this anmount of polishing is displayed on the display
part 18 as the nonitoring results. O &Burse, in the present working
configuration,y. G | at | th used t.g determ ne. the .nonitoring
results from tFﬁ%‘“?étli‘%éi’%P%“fhi@} i 3‘?" TR t@h%rﬁ% Bpainsddn 1 g JUN 2004
23 neasurBxpedmental Bxamysieng t he reference spectrumas a reference, and the
met hod used to detect the polishing endpoint, are not limted to the
exanpl es descri bed above. In the present working configuration, as is clear
fromthe above: ik Pl . s I ' ; [T
nstead, the. PapTeer o Riadt RRuBAPULEne pRER L B MOk SFEe pERIE e
probe | i gipparatuamsédsiniasmthpacative gramplet he nmeasured spectrum the spectrum of
the light reflected by the reflective body 19 (i.e., a reference spectrum
is acquired, and the polishing state is nonitored during polishing on the
basi s of the rghatilonshbRpRWHiHESHIRA MY BEnsiBPRib W IntdiGredShedRiac ©
spectrum Accordingly, al Phough the waveform of the neasured spectrum
itsel f veabtairedds azompgrative example tythdireferenbespebtrumhe spect r oscopi ¢
characteristics of the light source 31 and changes in these characteristics
over time, the spectroscopic characteristics of the light source 31 are
simlarly refl|Rgired]isRoweonceptasleisamp SidhUlTustiet 1B FaHERHy BRRRILI N ed
accordingly, the effects of the spectroscopic characteristics of the |ight
sour ce 3Ingpamipepducter mamdaciying feeess:r these Hagiams arssectionadviewssf at he

measur ed e reference spectrum Furthernore, since the
respecti vsgllﬁr?cg)wgdg}f}e%vf%ght beans are received by the sane |inear sensor 43
when the neasured spectrum and reference spectrum are acquired, the
spectroscopj ¢ sjtivity characteristics of the |linear sensor 43 are
simlarl rg‘!éYrF‘ig?‘glﬁmgrdqnﬁé“’faé‘P’ésr &1ny58U9% um and neasured spectrum
accordingly, the effects of the spectroscopic sensitivity characteristics
of the linear sensor 43 are nore or |less excluded fromthe intensity ratio
of the neasur ditlepgutiemd workihg cordigraivne of he presemt inGanivaguiliiveldgscribedce t he

polishing .state is ni tor.e n the basi s of .the above-nentjoned intensity
ratio i nqylﬁbret‘?r‘é%cgﬁgaﬁﬁtﬁ?f’l?% fg%‘ﬁ?si lﬁlﬁ’chef it(bﬂ?sc’fl]t’l"eﬁ“ﬁlpé%sie@i IBRCIHOn 1B BTCRF i ng of
the poli sfatailg Fdvdver, lis%]de@%&eﬁﬁﬁyingunéthﬁémlﬁts éﬁhééeev&kﬁg%ehﬁ%ﬁaﬁéﬂag
configuration, since the reflective body 19 has nore or |éss the sane shape
and di merdoingh imasthe Beopgeaf thegprasent inmentishl ect i ve body 19 can be handl ed in
the sane manner as the wafers 4 using the cassette 9, stand-by stage 8 and
conveyi ng robot 10, as was descri bed above. Accordingly, the acquisition of
t he ref erfintWeskiag Coufiguatisn npl i fi ed. 1 8. JUN ?fjp4

Figure 1 is a schematic structural diagram which illustrates a polishing apparatus
(or planarization apparatus) constituting a first working configuration of the present
invention in model form. Figure 2 shows a partial enlarged sectional view of this
polishing apparatus, and a diagram which illustrates the measurement optical system 16 in

model form.

This polishing apparatus is equipped with a polishing member 1, a plurality of
object-of-polishing holding parts 2 (hereafter referred to as “polishing heads™), and a
polishing agent supply part 3 which supplies a polishing agent (slurry) 5.



24 Second Working Configuration Figure 3 is a plan view which shows in
nodel forma process wafer 104 used in a second working configur at§ guN @004
the present invention. The main points of difference between the present
wor ki ng configuration and the above- rre?éi oned first working configuration
are as follows: specifically, in the présent working configuration, a
reflective bo At shAin t HOS &F; i Figure 3
is used inst egg t%?‘gst%tﬁsordi ﬁgmgﬁﬁlgs@%fzéggﬁﬁoﬁﬁ%ﬁgﬁnﬁ és{w]\f%}géérgef erence
spect r umveafeputhati constituiss theashgéon gf polishingds held by diacwyiny chuoking dn the pelishims pect s,

t he present Ki n onfiquration.is sim.lar.to the above-nentigned first
wor ki ng. BT PaEe R o 1nk e 3 Bhesfr, it Paiopdsqd 13 aestbadicies B8 10a

di ffers fgolishihg eheathRy €- MBRHill BB Asc@Tbeil NAdry a RITREBSSbIBT 187is fielddntthat a
reflective body 105 used to acquire the reference spectrumis formed on

t hi s prodwtishinghead 7 matepdh ofthe avader dopringrto theapolishing @é theveafer b akn. the prefergur e 3,

the resp { r t her than.the.areas wher.e the.reflective
body 105%{7\@(%%;8@@@1'%%{% S}Eeer%gg‘sfvg g)°§¥ égila%%wgﬂn%het%g PYRe 8lfap8 ﬁ"&d chip. In
t he pr eselimenddonsias theowater gu fatexamplel Heifref Which ivoriedpy Idminga it Eidini N an

area having the si,ziﬁ‘gf one chip, and a netal filmsuch as an Al film
etc., is FErmEer-dsishadplats(egotd matabplaly o oureriinishedssiieonowaten etoplo mag hed
surface hgt i HE UG, ' | e area
navi ng. R LRI ARA LPRESSLNR Ry e S R hnd dndl 47, 7
body 105 thewhfer dpahd whithhad areflectiveHmdy tformnesifintan drearcehstitutingénet gostigr obe
light in Fiqure 2.. O course,. the reflective body may alsp be fqrmned,. jn an
area t hatt ‘isgﬂiﬁmf pef?" ERie\ia @‘atd@@iu & dyucp ?f}i(ﬁsﬂﬂ’dl“étostf{%@“@wofﬁe “g"rﬁ‘gg‘,@las _
long as_thigesaitRa lét&%,l BEPBE udel AbstéAABr IOl Bl ATHRY 19. ORb ekmﬁﬂll@foggﬁcﬂ dght in
Figure 2. In Figure 3, 106 indicates a notch. Furthernore, ih the present
wor ki ng dwembeyis amember inhwhick  imetalifile ib fetyed 10S pagiaf arearenl thersuafacaoa

| ocat ed \a)%asth tcenter of the wafer 104; however, the position of the
reflecti BER 105 may be appropriately determ ned with the positional
relationship with the w ndow 15, etc., being taken into account. 1 8 JUN
Z04 25 In the_present working configuration, for exanple, the reference

spect r um acqui KBietppgcibreqradishing heads? e syrnotted bz @ suspdrtieg bedyedvian t he

follow n X f | I i e i um
measur edqgs?é?ta%l ﬁécggﬁg?rgh%ﬁ%%te g@%ﬁ@g ;Qijg Slféar%tﬂigéé Pﬁhsg&@étagglz ﬁm 7 c%%%%{O t he
waf er 104ofate, helve verticaliveopswing ko the léfeast] Rglitliiata fesiptdatatihg@mpeibh)sislafige to

posi tion, %télmt he pol.i s}%{ng menber 1 is not rotated, and the abovenentioned
pol i shi ndhheippoBingbodyi’ydhe respegtivg meshanisms @ as indicatga by the arownia Figwssi ng

ressure 1(lQagke A i : . in

Pet - betvean s e SpRlale Sarefia) cotbhiinEtesftiv@ pdfify nfl 93 BE! 10
agent 5 ipositiohest iposmditivetfagrg thelpeliskih ewmber 1 lfiodythd Polishing pdseticnc ng wi ndow
15, is stored i.n.the neppr npgt. shown .in the figures). of_the signal
processi MgSIGQP facing %%W‘L%Y%@é%?i&ﬁea WHLpE pasHHon,La B‘P%%‘EE@FWQ aPsgperfor med
prior to vnhfadig stfRindesivwd ehe'ai@es Q4 ankRiractiRE pRSHR) ARk QuRbr it S

processing, the_ spectrum neasured by the nmeasurenent optical system16 in a
st at e i n rofatiemof & supporiipg kady) as indicafed by dhe arraw polfigsieilag head 2 that is in
the polishing position, [b] the polishing nenber 1 is not rotated, and the
abovenenti oned polishing head 2 is neither rotated nor caused to sw ng, [c]

the pressing Huethemmicre,(d slaglity of wafess 40dnd s fectic bodiMl b ArehdldBiside agap or no
gap being left b tvhe)ign the refl ective body 105 and polishing body 13), and
[d] the 2B¥GHS Préfﬁw deed s 3 comfaieer dhat gecasnmadatesthe pafeayd et aksdn behe

reflecti : Ve 1P i DR - i ggFa) shown
inthe f :bg’blr es)du(%l? E?@%‘?‘gﬁﬁﬂ‘pr o%:\lgé%hrlllgs pﬁet% @gctigg b{"E}Z‘r e e? IBeﬁﬁagg}?l'gf)ect rum
Thi s pr ovexfers dgnside therchssetrel aper suocessivellylvenyeyled shionthe sthnd-be stagé 8byk04. I n a
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menber 1 is not rotated, and the aboveneriti oned polishing 2 1's neither
rot at ed rbrcking;sted hydhe pplishing kspd 2Hbatisinethe waitingpopitiessed agai nst t he
polishing body 13 with a pressure that is nore or |less the sane as the
pressing pressure (load) that is applied during the polishing of the wafer
104, and [d] the above-nentioned polishing agent 5 is interposed between
the reflective body 105 and the window 15, is stored in the nmenory (not
shown in the figures) of the signal processing part 17 as the reference
spectrum This processing is perfornmed prior to the polishing of the wafer

| 04. ~ 8 JUN 204 26 In a fourth exanple of this processing, the spectrum
measured by the neasurenent



optical system 16 in a state in which the reflective body 1 OS faces the
window 1 S during the polishing of the wafer 104 is stored in thegngWR04
(not shown in the figures) of the signal processing part 17 as the -
reference spectrum Here, in cases whwig reference spectra are successively
obt ai ned during the polishing of the er 104 (in the present exanple, for
instance, the £@hesLRCEMS PRGLIHTNTRY r@ﬂe&ﬂc@@e@@ﬁﬁ'&%@hﬁﬁﬁgls%%ﬁméa}e nost

recent reference spectrumat the point in time in question (for exanple)
may be uglsscribied belomewithrespedtty theaeflestive bode ] frenwafeed tlmacheﬂdmntts det er mi ned

with the reference m as a referenc ln,t he.pr.es

confi gura:t?BIH Wﬁ&a@%?" ishiRg pRsitog- IPHISEgO s, fheaetl %WE%HQW%BH Fitr st
wor Ki ng  cigivhih tiad tefdterite & pedttuai é\%@lsnidﬂﬁrb@és@iﬁg Or pAlishidirbéRB BAs Bdant age i s
obtained in that there is no need to prepare a separate reflective body 19.
Mor eover ,copiplaters istsmpyedrantoithnen]oading stageftampheextectier gosition @ﬁtbﬁ ence
spectrum r.ef | f f. hi ng agent
in the stpgi gh llgg hgﬁ aﬂ&ﬁs émlvgﬂ’& rlgec %%Ee}% %%%etfes(ggtcsthéwge%t[heefc@ SQ%XS ly, the
ef f ect s aontdyeng@boshutriowgénthe diguidde i ntensity rati o of the nmeasured
spectrumto the reference spectrumcan be further reduced, so that the
preci si on of nDnitoring of the polishing state can be increased even
further. ThirdyNy ﬁ?éﬂft f t j r

illustrates the essentl a pga(%t{séoé %tlgggyéﬁ?lﬁsgdriggg Igttégsﬁg]g LﬁbOd

t hird workismofatedsb ithy teet respective pdifshmrgérsmdstz arapesitibned, intthd posd.lcmgroﬁthe

corresponds, to Figure, 2 el ement s, whi.ch he sane .as in

i gur o 2 TRt YRS HS Shin bt et 2o fsrremmee Yo POt 0o @chBBus SEF ANt 1 he
sane SynialeSy1 @Rfudd f&HURLGR) ABRANS 9§édQ8 p@veﬁﬂﬁ§%a?ér%r5‘ﬁph§1 g%fpnﬂﬁﬂ ed. The
present wor |ng configuralion"differs fromthe above-nention first

wor ki ng atngf Ilgiamat absalugady yedessarhe fol | owi ng respects: In the present
wor ki ng configuration, a reflective body 19 is not used; instead, a
reflective body 50 is disposed on the retainer ring 11 of the polishing

head 2 on the saiBhewa e Piguiche antl dethepoVibhif$ mehder@ iy mémber iRelKlcK - €., the
| ower side in Figure 4). In the present working confiquration, the

refl ecti woligjag bs@v (rolighing prd)dBds disgosed onricplaten 42 wihighdras an openingIRaTD b~
which is I r.fac

g t or meHOReniRE phY T ReadPlohe bl by Mledd BEUARG iR G O‘T‘rﬁt’e%
reflecti \@erhtocifyleiaﬁliislﬁnghte&ﬂ)beﬂlstarrmged Scetlhat inesn rdtatglrﬂthe diredtivatinfibstegur f ace

of the transparent acryljc_resin nber 51 coinci.des with the surface of
the r ot aiap ATy in figwe Lot r@tvn?éhﬁqmamapértﬁ&ur sftisAdhabft qomeidgamath 4, the
reflecti ife BAl ot PotafiorPbS@ etgh%tgt% d NG tREMIRA B6n Wakh BGL byt y 50
coi nci des ?Mth theoce(nter (e) rlota |§n of the p01|n|§ r(t)ihngnheala gbA(?Ssho what

| ar ger opsad Bds pesitioned af the pixcbting ceiter. upper poli shing pad 13a, while a
somewhat smaller opening part is forned in the |ower polishing pad 13b. The
centers of these opening parts coincide with the center of the width of the

reflective bodysf8@hbéwn ilEigdier £ ¢hd ﬁU]lsHl'ﬁlgthQy I3 }PhRI-1a9br paldorRdd Bet | ve body

50. A transparent acrylic window 115 is inserted and fastened in place in

t he openibogd mart@gqsherttwe shgstréernppelishingrngdp hip anglal 3baensistingef acfagm of the
d 1 I
\tl)molni g\fl’lvl ngj |};slﬂ(§t ;g‘rééé’i‘gz%f%ﬁ%%%‘ é;bpecp' f%)gg?cﬁf(gqg%rﬁpetr ghgﬂ%éa pol i shi ng

pad 13a of3aféml aps)ighﬂtil'smgllélmwmi:@ phiad formed tntha tdvest ﬂ@Msmh%pr}‘ﬂ Phe t he
pol i shi ng agent suppl.ied fromthe polishing agent supply part 3 also

enters t e eFSétféE%Sf’ oppRjng arts coiuside with the centey ot‘«rﬂtewrtqféhepmhsbmgrbgaéaent 5
h t t 2
R posi t 1 o Bafent SGEREwAOWOPARIAGERAM fiincin MR ddbreffaflihe 2, |1

t he poli sippmgpqimhmgrpad 183 Phssurface efithatwindew pb mntthengde;%eobjebtmﬁ he present

Ki f furth F f m
60" whi on LSl gty sictised Siffestisn 0 4he aRfioe by 1 palidhing patt 1 qihd "L [ o
133, | engolidking BB 3 Mat {slcBhtadd bo Kk WeRs 4128 a"i’@étﬁthttfé%e{féséptho el ement s

33 through 36 shovvn inthe figureS, and an optical system| 44 which
cor r esporitigdew 15Kle nepeordagt egglscttbm soithehsswatching pf\@lefsu@@nee of therwaferitlentl t o t he
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spectrum can be acconpli shed S|nultaneously Specifically, one of the |ight
beans (probe light) obtained as a result of the light emtted fromthe
xenon | anp 31 and caused to pass through |l ens 32 being split by the half
mrror 60 passes through the window 15 and is directed onto the wafer 4,
and the spectroscopic intensity (measured spectrunm of the resulting
reflected light is obtained




1 8 JUN Zpp~, 28 fromthe linear sensor 43. At the sane tinme, the other

| i ght beam obtained as a result of the light emtted fromthe samg xanom:

| anp 31 and caused to pass through | ens 32 being split by the ha mrror
60 passes through the w ndow 115 and ii directed onto the reflective body
50; this light is processed by the opt'%al system | 44 corresponding to the
optical SualRHd3 thiéRledNFiGRES SRATEORLE th WhRdStht ?ﬂoﬂh%{geegg%ﬁf:?héso&ﬁéréd‘m of
the resul'ting reflected light Is obtalned froma Il near” sensor
(correspdhidirengss.0 t he |inear sensor 43 in the optical system 44) installed
in the optical system 144. In the present working configuration, for
exanpl e, the reference spectrum acqui sition processing may be perfornmed as
i ndi cated in tHige thé belvhitG SPIETRLRS 4 hbld By the pEksheIAREAND tRAt i§ PoditioHeAGRSSI Ng,
the reference spectrum obtained fromthe |inear sensor of the optica

syst em 148e pelishig nestionmahdgdesnsibed aThisypeaferd isgansed jo swimgdatkandforth [a] the

wafer 4 ig.: Li_ghin . I S | ishin gsi tion,
(5] e pRiREhRelatnr Ry BBty polititle bl AR MR iR

pol i shi ngotisttlg Bodys1hef the polishiiginesbaol withuspecified pioksige. Tied pdliRRingr essi ng
pressure (load) is nore or |less zero (Wwth erther a gap or, no_gap being

| eft bet VBRRPSIHds akip saused sptale and s eaysesbigyperioym agplatiyeimotion pithiresperly agent
5is int t Y b : ' ' 15,
s Storod T THer e M 4ilE BEpoREe Ben ¥ sEhIRN PSRl SO 00 g
part 17. bbdy 43 fronc thegpiolighing agemt fuppheparpBd; diis paishing gqgonti Sdiffogesafvet the waf er

4. In a second aml e. of t.hi rocessi.ng, the reference, spectyr oht ai ned
fromthe Sﬂfﬁ@aqﬁﬁ%@&sl%bﬁdﬁéio quigrs gﬁ?gpé“rﬁ%ﬁ‘ﬁee&f&’? H%llwp%gsllﬂdé(ﬁg]rﬂnaopt i cal
syst em 16hé (afer 3ta8 1 polishink eniiR} 1hE v%é?érﬂ]rgévéoll%_ldﬁ@lb% efthidaeer PRl th&hheg head

2 that is in the polishing position, [ pol i shing menber 1 is not
rot at ed, nehishadisurfaesosfdherwafer driepolprbld.s Bpevifidalldfaporiablerpelisting ismetfatroed nor

d t ina., the.. i re (hoad) i | .
Cor th o enarefiorsShpbaBre theg of i PAhEGAHR il BR0k rafel Py B FlA TR BuffoB0 and
pol i shi n@fligdyolisBing nddibdr d]antl Rerf@bR¥Ad fRhbARANadRhict d1hliaRaR hetiss

i nter posed between the reflective body 50 and the wi ndow 115, is stored in
the nenory (not shown in the figures) of the signal processing part 17.

Thi s processi er]_m'lf f.Qr. 1 G t i shi r. 4. .Ln a
third exanple o ? W?%E’pa%ggg@sﬁ\%%%‘#glf@iﬂse‘gog%ﬁiélzlgs?ggaé? r ﬁ?ﬁh%%o\fl\%uﬁpé)&éfwl&m t he
| i near semersueinenhheptinat systim 56,5t stgnal prbcedsingpartniFadusieimnér Dpdréonal syst em
16 in a state in 1 8 JUN 2004 29 i ch ] the wafer 4 is held on the
pol i shi g REHEF-E1E-+ad 4 dspley pie %6@9‘@%@@@5&1 Whikh displays the peifsigng
menber 1 rb1tdOthedeGafts 86hstiRe tHe o 1i3RAY Ft‘aif@?{a%’éﬂ?v\glg RQickshing head 2 is

neither rotated nor caused to swing, [C er 4 1s pressed against the
polishing body 13 with a pressure that is nore or |less the sanme as the

pressing pressyre (|l oad hat Jis i ed . duri t.h ol i.shi of 1he wafer
4, and [d] the %%?é‘fr%é‘z‘?{‘f Opisal %ﬁ%ﬁgjrﬁ W&d&geéﬁﬁquolfsge‘f W@BSE&H %@él?&@% t he
reflecti ke RAYIRGbARD OHRRI M 1he PBlidhiBy hdad ﬁhqn@golisﬁir{g%sﬁi%fr%m fr8B¢ shown
in the figures) of the signal processing part 1 Thi's processing is

per f or nedight vigrthe windew I |the HegkigeBectedey thapelished surface afshe wafeed anplice of
this pro ks C r - Al romthe |inear, sensor of
the opt | cpotgpaly'fo SRt FREF HRREEN: M RELILARS ot EOT R IR L-BERTC
whi ch t héyradighte¢deirdndseaigors THideeactioh 8ignahid dwpul irfto chersigial proeessiigi ki 17y of
the wafer 104 is itored in the menory (not_ shown in the figures) of the

si gnal prad @8Rswgd sefcfruor rpjgFence FPF%H%’@%“%&I@C?@%?QM%’HQEEW@%e
successi ykyineBifsned sinmul taneously with nmeasured spectra during the
polishing of the wafer 4 (in the present exanple, for instance, the
reference spectrum may al so be obtained only once), the nost recent

ref erence spegtirumat . the i intine i estion (for, ex I may be
used when tﬁe qﬁcgﬁgxie{eyexraa@feo&t&pe W@S‘ﬁﬁgﬂ?ﬁrogﬁcaz ﬁ%%?m&ﬁwlg%%ﬁ%eﬂéﬂ%\m th
the ref erneRfcs REFiHAD. AR Meure RERENFOM a xenon lamp 31 which constitutes the

irradiating light source is converted into a parallel light beam by a lens 32; this light beam

passes through a slit 33, and is focused on a beam splitter 35 by a lens 34. The light that



In the present working configuration, advantages sinmilar to those of the
above nentioned first working configuration are obtained. Furthet SodéN 2004
t he above-nentioned fourth exanple is used, a reference spectrum can be
obt ai ned which reflects the effects of 6he polishing agent in the state in
whi ch the measured spectrumis acqui rea, accordingly, the effects of the

i shi ' ' h
pol 1 shi ng,,2g&d3td ﬂﬂoﬁéT‘ﬁh% 25@3 rél%l ﬁéer B& ag{jccﬁlb@rtéfiﬂﬁ)l% ﬁ%algﬁg%h{ bt By, A e

ftber B84
ref erence spectrum can her reduc so that I sion of

moni t or i denso¥6; tthis light paskésithrough tle wiandowd 5 mctis dizrected vt theipdlisbed sutacet h

Wor ki ng figuration Figure 5.i hematic structural diagram which
shows a g)gl?l?esﬁ?{ﬁb 858%@&&%?%88%’&%0?@3?@ a fourth working configuration of
the present invention in nodel form In Figure 5 elenments which are the
sanme as in Figure 4, or which correspond to elenents in ~ S ,1~I~Nt ?~, ~

30 Figure 4, akhe reBeséedelightiagain phsses teughythevindovahvarl the tamsdénanddescri pti on

of these n I1S..0m t. Th esent,. Wor Ki confi atign differs
fromthe fg%)%\gg? Itr171§311r1et1?‘°’ neséﬁlhgr?jsst' I\RS‘W%W %pcllrlittef %ﬁr@%ﬁlﬁftﬁoﬂ% h? rfﬁ?qt \ "&lﬁ _
respect s:is glged by 964, lad tHelighb R 2aRRBn Y@l iRfdQhralled lightWekin g £12AS 3gur at i on,
the polishing menber 1 was constructed so that this polishing nenber 1 was
| ar ger t hahens the lightfis reflecteld byt aneflpstive amirrond8 Jandds fosnsadopar aapinbele 46bytahe ot her

varer 4 1ok bR T poled S R S AR b Briied Sl B king

confi gur atinoved, thdthedight RRipigjecredbato aldiffnictias ghatiak 43 vih 4 RAS B1,isoshaage of the

pol i shi nqi head 2. Furthernore, since the polishing nmenber 1 is snmaller than
r

the waf erlight isspHbintq dspestrumy d hgdight that kas thusthegn splitdntgappeatoing keincidentex posed
fromthe i Shi DEIOS b % o hl ' it i .k Qm t he
measur erned?\i?g1 1'(1)1%{31: gbgls syst g?n%ig?iggt;\%@%gﬁ%%gnds% a?gtﬂit&gsljg %t?&rrg%ﬁllh%ﬁ%%sgﬂe%ol i shing
body 13. (Adersitiesgeresictive savélendths) $.e., ftertsitizs @l theaspaatnini)ane thehsured. wor ki ng
configuration can al so be obtained using the present working configuration.
Furthernore, a working configuration simlar to the working configuration
shown in Fi gung e frede b uRYi EEyb g t - t second
and third working confn?glgﬁg{i gns |u%xﬁoggml§§%%%’ntﬂgspd? \g%ll?ﬁ%ﬂfrgg&??h wor ki ng
conf ihg ur expople) Oﬁ lit&eﬂ'gned thg probe ilighi t:chgt i Hﬁec&bd eltxtﬁ\xsh)ﬂ;1 th;eg4 oondflegtivabadyn.

Furt her mare, i.n abave: nment i.o irst rou t hird worKki .

configura ilgﬁeé[,s_oitﬂfa?lﬂﬂ%%%fseslu% lﬂﬂleyﬂ@rfgpé@_ﬂ‘b?? %Stispﬁ%@ﬁh‘? gg‘ﬁf%?l} uded
from t he tholafehid NuiRAIBES petionefubifes Bt iafd UgdeeARIGT Imh ifdiHasd eletheitd NY,

and the systemis arranged so that the protruding portion (exposed portion)
i s irradidg Bgsent on the yafer 4 thetns the objeetsnd melighing, sp thas the wafer ¢ in nat eiformher e i s

d t . 0,34 Wi 5 i i shi dy 13 .Fifth Wrki
Cont | gur AiB G AR Rlcotibal Ny bkt RlAReEd o i atiid ekl et o
devi ce ndipht Bomall] thg refleteilighols dffeetedbysact fihoMaRtires) so Wit thetoflected

sem condyctor devi ce manufacturing process i s started,_ an appropriate
wor ki ng 3}%&&%@8@&@@&@ the| igradigtion posiiioa leading te therpossibibity @zgtins will 8 JUN

2pp~ 31 create noise. However, if the spot diameter d of the irradiating probe light is made

sufficiently larger than the smallest structure of the device on the wafer, the reflected light
will be constant regardless of the irradiation position of the probe light, so that a stable

signal can be obtained.

Here, the reference spectrum acquisition processing that is performed prior to the

polishing of the wafer 4 in the present working configuration will be described.

In a first example of this processing, the spectrum that is measured by the
measurement optical system 16 in a state in which [a] the reflective body 19 is held on the

polishing head 2 that is in the polishing position, [b] the polishing member 1 is not rotated,



t hrough S204 descri bed bel ow. The processing then proceeds to one of the
steps 5241 through S204 in accordance with this selection. Step SBOWN 80hn
oxi dation process in which the surface of the silicon wafer is oxidized.
Step S202 is a CVD process in which an_insulating filmis fornmed on the
surface of the silicon wafer by CVD, e?t. Step S203 is an el ectrode

format i onpg Ftl%e?o%%eJnﬁbnYi'ﬂhé‘J‘%cﬁisﬁﬁl%rh‘BQ&é iRhECER A dalledtd Ew&gn[cgfﬁ{eer by a
process such as evaporation, etC. Step S204 is an 1on I njectigh process in
whi ch i onsessing presserct(dd) istnaore loeless vére gwithveitler a daplor anigag bting ldVietpeacess

or el ectrpde fornmation,prqcess,. the k prqceeds.to ste 20Q05. Step S205
s a o B BoeetEaddl ool aRine byl R 5¢ Pt aebhh Siscriereyet

i nsul at i QatvideniBe Rtk oy M@t MOkindo AFBRCEIHEd BYtht RfenkR (8dishgwRn et al
films on the surfaces of sem conductor devices, etc., is performed using

t he pol i $he Agurappeitha signad prackssing paseht as the eaferenee speetiumwi ng t he CMP process
or oxidation process, the work proceeds to step S206. Step S206 is a

phot ol i t hographi ¢ process. In this photolithographic process, the silicon
wafer is coat dd awe¢dndexa@plesst thid peicessinig, thiaspbruin ittt uhesRtredbyhd he silicon

waf er by exposure usjng an exposure apparatus, and the exposed silicon

waf er i s rakAFRIeRIsBRODICE S(Ylﬁ@ﬁhlf; 0 a gtate imwhichdaltpe sAleptivesbedy is heldgpnghecess
in which : | t . I i i r ed by
et chi ng, FondriBp BT haphitRtne b BodBye IBNEE obflial plFRER) BB [SHRIPC, O
unnecess any theahovenndntinged jsolishimglhead? is ieithenovatel nd¥exstisedito swingp[cPARS, a

j udgenent_is, made asr(&)g whet her @é not of the necessagglinprocesses have

al]
been conpletRgPressureiioad) Ismpre o8 ??Féﬁ%éwﬁ%?‘ﬂl‘féé‘rgal%ﬁﬁ{’éﬁlé £ Iedt bggwgen
returns tRe ARV 19%8d pBRSHAENRUS) SiaNA] ﬁi%%bB@@ﬁ@ﬁﬁ&ed?%liﬂﬁﬁ% a
circuit pattern is formed on the sillicon wafer. If it Is judged in step
S208 t hatagent|5 igfinteipeseshetwenncthe refleeti rekadycGrapid ébewindomel Syiy stotied irethded.
Since the _polishing appapatus o e present inventign i.s used in the CW
process irﬂgr{’?fgs(g%tr?%}gﬁ&%_@}eﬁgu : S/f’t@eﬁ&‘?ﬂfg&e@f‘inﬁ@aﬁrlg@ég? ‘i_ﬁfﬁr?:“r‘feconfsti tutes
the presepéctiii KFithes@bic, tHelaBbientiiRdPodSHiAE 8Fen®5 cBObE H{ibPoscaHRAAL
detection or the precision of filmthickness neasurenent in the CMP process
can be i e tfleetiveshodyQtand ke yindpw 15fby etatiggthe polisBing unenaber 13ghifer ocess i s
i mpr oved. r . ] t jce n_he factured at a | ower
cost 1 e Py Betfetolsnae AR BURARE pOH R oG R Bl e e
Furthernore, the polishing apparatus of the present invention can also be
used in the CZP pr.o esseﬁ o& segi condugt or devi ¢ce manufacturing processes
other than theR&i ¢ Shiba 2BeYR-RIsHIRNCH Brocgesing ehanpseiram thating process.
The sem gpad [ i SREN Lk j ' | t he
sem conduct o?%gg\s/,iﬂgf%ﬁ%ﬁﬂﬁecﬂt Eﬁl&% nmet h(l){(szllpd(;?gttEl egﬂp‘)&thzcse T H{e;}g%érﬁl?gr?w}ks a
resul t, tl§iisheldwndoanpelishing héed 2 ¢tleat ¢win thepotishinggeisitioag[bdthegpdliokiag cost t han

hat ¢ he THERUPAdE aFt i apd BF S By cisH aLtiohe Bow e nebprseromed
Experi mergaaded s aWiige|c} theeAbdtiR Doal 15XAesed l%ﬁﬁéft%@p%lfsﬁin?%d% 13 with a

above-nenti oned fi.rs{ wor ki ng confi gurati on. hi's experi mental exanple,
an | C 100wesgweite#iingopsant lessdhsuanaiasGhepiessing prgssywael(load) tliat és appéidd Byrivpdel

Co., wer t i ghi ds, 13a and 13b i.n.the L shi ng appar at us
shoun | n % BRBE A e P8t $HedtabRE b0 EmER b golithies GeBfS rPleimetE T
these poltieshienghgrtisctivetddgay aal tEOwindow 130issoradth the nivMoty Lidt BRdwd he
surface of tLhe transparent acrylic wi ndow 15 was recessed 0.2 mmfromthe

igwrep sfithasignpl pragessmg part 17 as the reference spectrum,

surface dhe

In a fourth example of the above-mentioned processing, the spectrum that is
measured by the measurement optical system 16 in a state in which [a] the reflective body
19 is held on the polishing head 2 that is in the polishing position, [b] the above-mentioned
polishing agent 5 is interposed between the reflective body 19 and the window 15, and [c]

the reflective body 19 is polished under more or less the same conditions as the polishing



A 6-inch silicon wafer on which a thermal oxidation filmhad been forned to
a thickness of 1 ~mwas used as the wafer 4 constituting the obj8 dub 206
polishing. A mrror fornmed by vacuum evaporating alum numto a thickness of
2 pmon a 6-inch glass plate which had\%g t hi ckness of 0.6 nm and whi ch had
t he sane shape as the above-nentioned wafer was used as the reflective body

19. Then,.ohii& y ' | [ ' \as
First neld onoPhad TR HRdRRaE SPIncPRE: €31 fRaiS HeTEhhail (AR T

gl ass surthafigures) afltlee sigmal processireripatolthasethel reference, speatrurhat t hi s surface
contacted the polishing pad 13a). 1 ~ JON 2004 33 Afterward, a polishing
agent 5 (the polishing agent (described later) used in the polishing of the
wafer) was sumirthefindre, ihlie Srdsdn®GRriGhg EHTigRPItoRMhB SpLRad ¥udcsditay t he

pol i shing agent supply part” 3, and this polishing agent S was positioned on
t he wi nddneasered kg ke measureneny epticsh systave d6 diing the\palishing ofthd weaderidare t he

polishin he,sane pressi ndi ti.ons as_tho used in the
pol i shi n%’t@%ﬁé tgl ?8%5%1 dog‘@Q{@F Shovg B‘eﬁ%@guﬁegﬁtﬁﬁ%Slg?ﬂtpé?ceﬁﬁl?%mﬁ ?"é a1¥ng any
rotati on méaseret Bpdcng oblairiddent filsé fd3petgivh pamtsdin tinfe spectrum of the Iight
reflected fromthe above-nentioned mrror was nmeasured by the neasurenent

optical system 16, and this spectrumwas stored in the nenory of the signal

processi ng par t : .t he - t.i oned
waf er was hel onz?ﬁoge’po I éﬁ{eﬁgﬁ%gg?égﬁ?tﬁé%%é%%%&at%%g%ﬁebﬁﬁé%ed
mrror, dimk diringthe pélishiig affth¢ vefepX] thatignal frotessiag phi ¢ 7 @bloviated®folri oned

waf er was meaﬁesjred in.sity as.the polishing sta@g [)mni toring results while
this waf &RRE) P5iINERYT gt thisymeasyredspecifn bhile eheyesmeptnnsd Befprsiee t hi s

t hi cknes %péf@ﬁmggi,%gltﬁé’ﬁgo Qf tﬁehﬁteﬁéiﬁg% %&g?{eﬁsu}n& ?Ebt?%@ngg%g?@% i oned

polishing conditions were set as na pol i shi ng head
2: 50 r priyavelengths ta the igtensitidsi af ghawefdyence bpéqtivat atrtheseryaveleigthplyas thead appl i ed

bet . i shi head d | i,shi nb 1: .1.96 0'2 Pa,
ovi et ng R b e meRS ear Bk fo 13 TethnlE Rechrua, Thien b gibndla o

gi ng g
manuf act gir@déséiﬂg @b o7 caloulatesltleutRfks %ﬂnonﬁ_@ﬂiﬁ?@f the péﬂﬁﬁ‘ﬁf %{1/’[@}(61% fiRtRaferdO

m/mn. Specifi calfiig?, t he spectra successive e neasur enent

nmeasur e
optical <pdhehssissoidhe intepsityeatiss fordhe W@Vdcngth%%abgﬂwlmdstandrd&plmfﬂme wer e

respecti i . ol [« rt 17 .as the neasured
Gpobtra SEls oBRE diilhfodrt o Be@RAne PR TSRS Rl o 3End e TR B8, <

wer e madendsthe polishing bperation torkscontd] parecf the abdvarmantice pelishisg patud N
time was qbt 'ne(g, t he int.en,sité ratio of this measured spectrumto the
abovenent? ZECP sbingsadraipbisdetéatedas cal cul ated by the signal processing
part 17; furthernore, the filmthickness (remaining filmthickness) of the
above-nentioned oxidation filmwas cal cul ated fromthe nmaxi rum and m ni num
posi tions of tHor sxampleftbe filrh thickneay eff the hayef thahis beimigegosiklied (i.at thes for the

respective wave] engt hs d, the filmthickness at respective points in
e was TEPERICR, A L P e midriih and g myonbo o (Savdnghs 7
shows t hefitie wiefdnh 6fthe thtésith P BRI MRESUBREGTeEiith AP HRIrBRFEML sfechBAl al N
point intinme to the above-nentioned reference spectrumin this case.

Fur t her mend thig film thigkness isglisplayed ohithsdisplay part 1 has bikintmitodng fésilts.oBbei ned as

t he noni . S5 i xperi.ept js,.shown jn Figur . It is seen
fromFi gf?(rafelkrgg% at’ OH%ZS @é%%ﬁéﬁ‘?%&gfdl{l%g) ‘8@(‘?‘ AT &Rt 'ﬁ%e%w%ftﬁ%rabl y

ref | ect edhickndséibas reschied iatspedifiéd flnpthitknessTeds tredampReihe wMouat sfRlikkher ence
spectrum, and that these .results axe_ al nost unaffected by the polishing

agent, etitdetermipgeirom the initial thicknesnhof the wafar gnd thedfilnhthicknpss ofithe leyarithaj
| . . ! . . .
results g Selﬁ«%ﬁglgﬁi@@ﬁ.e.,%@m@?ﬁﬁyﬁ%ﬁﬁ%ﬁnm oF b&?éﬂhfagl is Eﬁ‘sﬁﬁ%@ off

relates to t ove-nent |
the display part 18 as the monitoring results.

Of course, in the present working configuration, the calculation method used to

determine the monitoring results from the intensity ratios for the wavelengths of the



configuration. In this experinental exanple, an I C 1000 polishing pad and

Suba400 polishing pad nmanufactured by Rodel Co., were used as t{]ﬁ_g ﬁm Z@gl ng
pads 13a and 13b in the polishing apparatus shown in Figure 4. e Si of
the two opening parts in the polishing_pad 13a were respectively set at 60
mm x 20 mm and the sizes of the two oﬁgni ng parts in the polishing pad 13b

were res i g:ﬁ‘ﬁ}n : ]dggg, t rent
acrylic wn %f\/é\gk%e and&i S\B%r%l)&;%égs sse‘é‘ﬁg%%ﬁ%ﬁeﬁ?%%ﬂngﬁg lggt}l?&ag%%g[ t he

pol i shi nglefeatitht palishimeersipait,rage odt [initedtenheeangiestdescriteddbuge. 15 and 115 and
t he spacing of the centers of the opening parts 14 and 114 in the platen 12
were respectively set at 100 mm A nenber in which al um num was

vacuum evapor g j ; : ' ; surface
of a transpar e%?lﬂ: al%:rrei/elﬁiC %ﬁ%@%%agfgng%laglgﬁuse ngeséﬁtohg]d?%lr 1{;3%6181%,!113% body
50. As i mdgwed spestrunl is Betwset Eaglis; aindtead,che miflectivrbodyf1ris oradited prier toher nal

i dati dd.m h f t. t hi ck f 1 ~ d th
vafer 4° Qolitiy OB PRe: BefEbe S Rlp ncdiiRghe Mepdrdimerma R PN | he
pol i shi n@figeAihe réflecteddynnd teFlating: HUATI 1D (6, a AsFerehdtSspebtinak )8 28qRfed! AR
oxidation filmon the above-nenti oned wafer was neasured 1n situ as the

pol i shi nghespelishingstate isrmenjtoredsduring notishiag onitke hestsaf theelatienshimetithander t he
same pol i.shi it Lot ve-menti oned Experinental Exanple 1;
this thi éﬁ%ﬁ@%“%ﬁ% %'{s%ﬁgig%e‘%‘?{l’etsﬁg‘“ﬂ’?@pl ay part 18. Specifically, the
reference spectrum and neasured spectrumthat were neasured sinultaneously
by the neasurenent optical system 16 during the polishing of the above t
S JUN 204 35 4@9{4%3&&? pelt &ﬁme@%@&l&q peasyrad spestrymn iteelt vasies pgaal
brocess! aghuibeit difabl bl i HbtosfoliELELAIGRRPBPHE HILANNA gl ed
spectrum for a resSpective point 1n tirne were obtalrned, "the I1ntensity ratio
of this rhasgaes authspediaractaristcs dver simeythe apatostopiodtasdcredticedfahetight spect rum
was cal cul ated.by th i | pr.ogessjin art 17; furtherpore, the film

t hi cknes §°W83§ia¥ﬂ Sr\‘@‘ﬁf“iﬁﬁ' ﬁqr%féﬁfegk‘hﬁlfﬁ%e_fﬂ%_c?F@CQBMQ%WF@HE@WPHMi on film
was cal clabadr@ihgfy, o defepts R BpattdEopTE Bhdrbict @Rk bi MR %ighf sdudess Ma¥ afope m (the
waveformof the intensity ratios for the respective wavel engths), and the
fil m thi ®okirsssxcludeddiqre the intenpity rati of thetensuxed spelitwipl mythelraferendee di spl ay
part 18. Siggc%mh?tensity ratio of the measured spectrum obtained at a certain
point in'tl ‘0 the above-nentioned reference spectrum obtained at the
sane point intime in this case was simlar to the ratio shown in Figure 7.
Furthernore, the remaining thickness of the oxidation film obtained as the
moni toring redWrthemgre.sincs thsgespactiun eflrated dight beamsrase reneivedbithe sameri gur e
8. ThuS. 1 SRIRASSHER (R mbRBr AR tnd M N! Bel AR RANNEE LigCt ed 11
the intensity ratio of the neasur spectrumto the reference spectrum

wi t h t hespeatescdpicsdneitivgy aharacteristica bf the tlimdarizgndond3 ped sislilarly reflperet in eec. |
and the nonitoring results vverﬁ al so good. Cog) rat'veq%&rrple As a

conpar at iI'VEEKEMN E}“_némﬂé‘i“?ag'i‘ﬂe §PesHpYr aC&%fdw& s fects ACIPCPRRSCAB shi ng
appar at Use sty dhardotedidfi@otith@fitbat sidsr 4P ndid AR sSORMUCl Trdpl Bldr e 9. In
Figure 9, elenents which are the same as elenments in Figure 2 are | abel ed
wi th t he intapsitygotipof the measurpd spestrivtip e fgyencaspectsimowhonsaqiengyy én®, a hal f

mrror 8 1GH: ' ed between t.he.lens 32 and slit 33 nd. a, | ens
139, pi ng%‘%l\gdl%ﬁ'é‘,gssfagéni?Rﬁ%&g’r‘%ﬁﬁ‘%ﬁi’ﬁ‘%ﬂf‘E‘F QE?Y?@‘“?L%?%ﬂb‘lt?‘?shté’a{?“%’éﬁE%r 143
whi ch r eppsseit werkihgtohfigaaang theprebisioflof wRnitsriddof the puBthidSsthie i§ he figures,
are added to the neasurenent optical systemshown in Figure 2. As a result,
the spectf@eehi c intensity (spectrum) of one of the light beans (not the
probe light used to obtain the neasured spectrum that is produced as a
result of the light emtted fromthe xenon | anp 31 and passed through | ens
32 bei ng spl i tFubthemitee,linlte presetiowofiing condigusitionsifhdeant tefleclive gy 19a1agor
143. In this ¢ rative exanple, as will be described |later, the spectrum
obt ai ned Y8 RY f‘)’ﬁngt iSpag shape a8 dimensians &s theauafers 4 the reilective hedy LHean baum

handled in the same manner as the wafers 4 using the cassette 9, stand-by stage 8 and

conveying robot 10, as was described above. Accordingly, the acquisition of the reference

spectrum is simplified.



1 8 JUN 20p4 36 In this conparative exanple, as in the above-nentioned
Experimental Exanple 1, an I C 1000 polishing pad and a Suba400 polgi gin r)@
pad manufactured by Rodel Co., were used as the polishing pads 13a and" éb;
the sizes of the opening parts in thesg, polishing pads were respectively
set at 60 mMm x 20 nm and 50 mm x 10 4and the surface of the t ranspar ent
acrylic window 15 was recessed 0.2 nmfromthe surface of the polishing pad
13 a. As in Experinental Exanple 1, a 6-inch silicon wafer on which a
t her mal  Secord Workifig Configutatieen fornmed to a thickness of 1 p, mwas used as
the wafer 4 constituting the object of polishing. This wafer was held on
the polishing head 2 in the polishing position, and while this wafer was
pol i shed underFifhie 3528BlaRYidve Whidh hoWdid 8RS fBfn hPrddass RPRY BIPile g
Experinmental Exanple 1, the reference spectrum (spectrum obtained fromthe
| i near sepewd Warkingeaatiguraton efthe prasentimyeptipact r um obt ai ned from the |inear
sensor 43) that were sinultaneously neasured by the neasurenent opti cal
system were successively input into the signal processing part 17. Each
tine that a refieneds obiresiidiffefeadbei®eaithe Pres@f Ghorkinp configurieiPaeithye poi nt
in tinme \ggre obtained, the intengity ratio of this nmeasured spectrumto the
si mul t aneBo¥s-peptiensditet Warkinecqafiguation argms frllovesa|spegifieally, inythe presentgnal
pr ocessi F AL, | . i i | S/ N
ratio, an rg'%g&gﬁﬁ%wg%ﬁtaq%ﬁé&?# %g?(?)gingsgzlr?gn%gf %{r&n@% ?go(r%g&duae 0 thé)wgffect S
of scatt enFigyrad i wbod dnsptad of ab prdifeey podcesshivalgr &gfmthermére, th€pstfplehcat ed
oper ati ons %uch as. noise cutti H& and si(gnaly oriml i zation, etc., were
r equi r ed SPFEIBIYAGAUIsEHORIpeessing diters acrordingly  {mall qHigEreapssiothemieserht ensi t v
rati os f Quorking coRBRESHd I t - : r ﬁ%;% dat a t hat
was difficul tgt o] a%\glﬁygﬁéﬁ\faﬁglyﬁltgg& id;??:%%g%gﬁ&@g%&%rg omrgg?%gb?nt ensity
rati o of the neasured spectrum obtained at a certain point intinm to the
ref erence spectrumin this ¢ arative exa .Possibjlities faor
Ui 1 zaton i s Mo dh i biEuS ol B BbectS Al TR Bisras §Obrhe HeoEanrSiond st at e
can be i npdiaxehrdessivhter mimh_ath.leqmﬁv@m@m@t@é&tmghir@fﬂerfefe%{céod and
device of the present invention in _a polishing 1 JUN 20p4 37 appar at us.
Fur t her nsPectrutthis fpunedseil this piperss wafes 104 in arearpa ethenthan theatevicsraresan Ithe
utilized g; e L Shi f ' uctor _devi.ces tc., ,and makes
it possi l%jlléh r%g’ %h}%rgésg’géﬁlteﬁg&%éﬁ a[s}%lre%a opr%g%:hlc‘;lgi@%ena}r%aﬁh‘ggeﬁ? }%eergge%é@ «?P d%f t he
present i108énformed aalicaredavidel dregthaiing thesispsidneehip. Endlic priegdt MogEihgi on
sem conduct or devi ces. .The %%Hi&conductor devi ce manufacturing nethod of the
[

present CRYBEIREN EafrreBectiveibory 4B indorrasinaatsechainghp sige pprschip, and
sem condyahghl MR iR al A FHAILE ORAYRROY asRY k&ﬁﬁ%ﬁ%‘} RESHIRE siiOYERL! ON

can be widely used in electronic circuits as a hi ecl st on sem conduct or
devi ce. polished surface of the above-mentioned process wafer 4 throughout this entire area

having the size of one chip.

The size of the area in which the reflective body 105 is formed is far larger than the
spot diameter d of the probe light in Figure 2. Of course, the reflective body may also be
formed in an area that is smaller than a device area having the size of one chip, as long as
this area is larger than the spot diameter d of the probe light in Figure 2. In Figure 3, 106
indicates a notch. Furthermore, in the present working configuration, the reflective body
105 is formed in an area located at the center of the wafer 104; however, the position of
the reflective body 105 may be appropriately determined with the positional relationship

with the window 15, etc., being taken into account.



1 8 JUN 2pp~ 38 Cains 1. A polishing state nonitoring nethod “higrUUW;no
characterized by the fact that in a polishing state nonitoring nethod fai
in which the polishing state of an obj ect of polishing which is polished
by applying a | oad between a polishing gody and this object of polishing in
a state in which a polishing agent is ? t erposed between this polishing
body and obje i shi . I i.shi and obj ect
of polishing ?%ﬂﬁﬁﬁgﬁﬁgﬁgﬁﬁ@%“?@ﬁggﬁﬁﬁgﬁﬁE??mﬁgﬂ%gﬁ#%ﬁﬂﬁﬂgﬁﬁﬁﬁ%g pol i shi ng,
and [b] iaoquikitioh pfdckssinpemay by perfiernted an adlicatdd iache follopitd edaiplest s i r r adi at ed
with a probe light emtted froma specified |light source, [ii] a measured
spectrum which is the spectrumof the light reflected by the

above- nention i f el j ' i |1 SR nd
[TT1T the. abou. et RakpRofBs PRt g, B Bl B asuShenf ) on
t he basi ®pttalishistemiévinastate inombich fed dlsuwalir $Qreistheldon the polisting headi X thetd

[ Faht - sous g polineiiioh i At belishiod thordfs 1 f el iR ML RERBRE ob; ect
of poli shhdigioned pelishitg Hehe 2 pohdithd fated nétRusAGY Swir) !d'] ek Lorbssife

pol i shin 52] a reference spectrumwhich is the spectrumof the |ight
ref | ect edlagg) sanare pelesearp (with sitleriagan o P gapibeiag it} Btwedretha vafer-10ént | oned

bbi ect . orn3PliSiseLIBHRRaEHs bARnAURAER 3 & MdheRia borRe OB EerRRLE T O fe
nmeasur ed oied05 und the fidisg alialosr 1% i dtored th (R EdReY EnGREE6Wh iitheiguldd§ of

pol i shi nrgL state nmonitoring nmethod claimed in aiml, which is .

char act erhegng) procgesiy Vhag the priersper wepisimi dhscPresesyes IS reriormediptione
above- nmeny, it}{?e(';[ﬁﬂii hih8 BF tHeR@fed fp4di rect ed onto the above-nentioned reflective
body are direct gdl gnto theea ove- nentioned obj ect of polishing or the
above-nentioned reflective body via one or nore windows forned in the

above-nenti oned polishin ody,. or el se the above-nenti pneq probe |ight and
the above- men Paﬁﬁwnﬁieéﬁ@pgwg?{h@ Q“HF?SB&QW SBRttER Fﬂ?a%%?ﬂ?& RGasprEpent
reflecti \gpﬁ&qqzstah%%@%fa&@ﬁh mm[ag%éweﬂaﬁmfisth'eﬁi GPRY PoliBHHd RS @Ry ect of

pol i shing or the abovenentioned reflective body that are exposed fromthe
above- mens inghe gokishiingsprsitipnp b yhe polishing npashbes Hiingotsvtates, amhiht @bovey net hod

clainmed i ' . or L2, which is characterized the fact that the
above- nen elmgll r‘?g%‘%l’fsglﬁ%%@g‘" g] bse'&?%mqtageiﬁ%fﬁa%e 1P WinE, {ci%ﬁée PSSR REASSPe
above- nerloadyietngo bt kB Ago agRN tithe al dab @F RO §RFbéiAg 1dFELtWEdH the adflechle t he
above ~ a ~uN 2-~0a 39 nmentioned |light that is directed onto the

above- mebeAp ALY andpolishing hody dd) and idlitheabqgtmensioned pelishing agentd ist hat i s
reflecte | j Vi |.I.S{d e ' i ng

ot hod. o arirRay wogpdfihy lects BRRpstmd HBWRRLLTS, I GEALEWTIGY' 12,

t hat t he (adtchewmimthedipacks) of the sipnel mpesting puit 37 as thel refeenica spectiuat. €THiO whi ch
t he above-nenti oned polishin ent. js interpgsed in the Iight path of the
abovenmentr s 15@‘?{1%%%&?@%8%%&{1‘@ ngQ @Q"ﬁaefe%%ve- nmentioned reflective
body and the light path of the light that is reflected fromthis reflective

body, and in which a load that is substantially the sanme as the | oad
appl i ed duri ndngltlkirperampié afthisfprotessiapche speetromonesueljbythe meagmodmeatti ng i s

appl i ed bet.ween .t he .above- nent.i.on ol i shing. body and the. abov ti oned
reflecti \?gh%@(ﬁ?jls.tergﬁqﬂg S%‘Eﬁ ]ins\ﬁl?lﬁlbf}qgtt V@atsﬁf)h@‘glﬁg‘le%nﬁgf kB ﬁﬁl%}i‘eﬁég‘a tg?nt Claim
1 or O aiignndhe phlishing SosivAl A} RS podiBinB Yndniteer fla hotlrBilted! At MBa¥SyeTENt i ONed.
reference spectrumis acquired while the above-nentioned polishing agent is

i nt er pos deentignedpolishipgthepd? is eeitherrotaigrbner-cansedito awingl [ the wafar 10%isdi r ect ed

onto the - i . jve. h ight .path of the |ight
that is F Z%Pée/cg%éezg{g # {rhg%%ﬁfﬁ}l{lgé {r)(gcﬁ Qé?%‘gg%%e&g@g t%ar%gs WA e lgsﬁéheam?eqs %t i oned
refl ect i peesbiagpréssurp dload)thak isapisiiedsiubiag did podishing lolfl heSdrer PN dhd [d)fige as t he
pol i shi n%Pcondi ti,ona uE%d for the polishing of the above-nentioned object
of pol i sRPAYF-MENtoRsd PRUFIAEAFRY S isinterprsad Petweap theaeHerdive badynted and thay one
of d ai : A j I >

above. monl ey Bpiome TS ety {88 Fhal A iaeb af st PRECIE part oy
has substldms thel tefer¢rive spévtmus. SHEpproaeding isperforord paor tdihe pbhsténgrefthe oned

obj ect of_ pol, §'hi ng. 7. The polishing state nonitoring nmethod clainmed in
Claim 6, F'ctY* s characteri zed by the fact that [a] the above-nentioned
obj ect of polishing is a process wafer, [b] the abovenentioned reflective
body or the above-nentioned nenber is also held beforehand in the container
t hat accommobdat es t he above-nenti oned process wafer during the waiting
period, and [c] the above-nentioned reflective body or the above-nentioned
menber is set in a specified polishing position at the tine of acquisition
of the above-nentioned reference spectrum using a device which sets the

o o o o o Y o o o o



~ a SUN 2o0vt 40 8. The polishing state nonitoring nethod clainmed in any one
of Claims 1 through 5, which is characterized by the fact that t4hg Ju
above-nmentioned reflective body is installed in the hol ding part thap M4 ds
t he above-nentioned obj ect of polishing during polishing. 9. The polishing
state nonitoring nethod clainmed in any2gne of Cainms 1 through 5, which is
characterized by the fact that the above-nentioned obj ect of polishing is
a process wafer, and the above-nentioned reflective body is formed in an
area of this pnedesthexaimple of thisrprodeasing the sieciram measared biGhe Meputseas waf er

whi ch is characterized by the fact that [a r ectjive body is forned on

the o1 de OBHCHL3EstED) 1R aqtasmruigh i rafiecve bodt hE et intent? Bwring cas,

and [b] thepslishfigf thd WafRX 04 isRtodbd fithd Hf’cﬁﬁ)?ﬂﬁﬁﬁ fhﬂg@'ﬁgﬁﬁekﬁﬁﬁhé/e body
[ at" s onto the

is formed is larger than the [ight spot t Irecte

above- memsignehpracessing eartilyes e ference ispestruine Berguinroasesiveherefeferemesspegizct r um
which is the spectyum, of e.light refle db .above- nenti oned
Mot Toct | 7S TSRSl SBidtted dEine B botsRine s witen 4O h Al eraivic,
noni t or i far inkandeptHesbfefdhcs bgdctuml m@Nalo®be 66thinedl oBR! dnes), B Mbkt ¢étehs pol i shed

using the nethod of any one of clainms 1 to 9, conprisi ng [a] a light source
that eni trefegenge spestrpmh therpevintjin tigmei in pesiion tfor gxaplehway bonsad when thet of

oasur oGy 2aiy REe FRkPA LoRBAG b EPnhEd A et sertuf sl Ly (e

above- nentfemneel obj ect of polishing during polishing, as well as the
spectrumof the light reflected by the bel ow nentioned specified reflective
body, [c] a specified reflective body that is irradiated with [ight emtted
fromthe abovgy LQRed ol Sn &l rd i.shing of the
above-nent i onegl 0 ]r ect 8# ‘%ﬁ“g}%ﬁﬂagg‘éﬁdﬁ%ﬁﬁ%ﬁ sérﬁ{émggltl?%ﬁiongleoa?g%ﬂe

above- memdntionetl Hitsi wotking cqfigusiongre ¢tdjined; plirtheimorg, it altltionmiddvanitagey nNeans

t hat noni.tars. t he polishi.ng state of an object qf polishin uring the
pol i shi nd® Shtaing “h‘%b Sredn o 8?%&%’5?@&3 %Pﬂ’]a‘ﬁ& lieglﬁ?tﬁﬁ hody L Ro MAIRPSTIE ¢ he
rel ati onghd %&é-&moa&pmﬁm&hgﬁgaugmaé%@r@?& eéthuttdPbd aih€d FhRACE

spectrumthat is acquired from i ght reflected by the above nentioned
speci f i edeflesty the effeess bty polishing agentiindhe btatei ig wthieinthe tredsired spectram is

b - i Iy j i h lishi of th
Sbove. menFRRES ash gl He istls\ot Ble RitsRize pfier S ABE IR AE oS 1% e
above- memhéasmed spdetraai todhe @remdeispectrum darboe fuldhdt ddced lsoltRat the Efbjcisﬁm ng

state nonitoring deyice claimed in Claim1l that are used in the polishing
devi ce t RAManitorng Phibe @olishing stats spn be ingeraseshgrenifimthesne or nore wi ndow(s),
characterized by the fact that the above-nentioned |ight source is so
arranged that the emtted light fromit is directed onto the

above- nethirdrWdrking Cetfigugatiomdy or t he above nentioned specified reflective
body via the above mentioned wi ndow(s). 13. A polishing state nonitoring
device claimed in Caim1l, which is characterized by the fact that the
above-nention ! i ; %{geo 10 i romit
is directed p?’?%dr% %2§ %E%\gfea%nght&ﬁ%%ﬁd{a%gﬁﬁﬁfﬁgﬁhg y of(raa rBtolillgﬁg (Ia)lblgd? gr‘%%ti oned
speci f i edonpsititing 4 thirdlysatking lcanfiguratiengfdbe prefend mviehtiorg bibisediagrami oned

b Rl R AT B S R
above- nerbirespedd spelembnte th FipliteZ hrie\gbe@dyitiotheaanie ¥P@bo ridh Rasndabi S

reflective body has substantially the sane shape and di nensions as the
above- nedessipEan ghfhess clemenfs is anitisd. The prepens ayarking sgnfiguastiondiffersdranmg

above- rertGiRE vieg. The g mg
the fact Hae ke DS fonhEtoRe bl ph e e e B b By S Tl T i

t he hol ding part that holds the above-nentioned object of polishing during
polishing. 16. A polishing.state nonitoring device clained in any one of

t
Clai m 11 t hr odfrePsessabtofkingcqnfigheation, guellFotyys bodhil A ds aqspardit insteadudi ch i s
char act egeﬁe%@iv@uoam fs?ﬁ%pﬁgéaa(;n fhb fetRROM 13 et)ﬂﬂsgo@gﬁ% %éeaﬂ% diftht §4hd ve body

is fOI’ITE_In an @reao. I'S process ware er-t evli ce areas.
side as the side on which the wafer 4 is held (i.e., the lower side in Figure 4). In the

present working configuration, the reflective body 50 is constructed as a ring-form mirror



17. A polishing apparatus which is characterized by the fact thqtshp a
pol i shing apparatus which is equi pped with a polishing body and a 8Ndﬂﬂb
part that holds the object of polishing during polishing, and in which the
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surface of the polishing pad 13a of the polishing body 13 that is contacted by the wafer 4.
the polishing agent 5 supplied from the polishing agent supply part 3 also enters this
recess; Figure 4 shows a state in which the polishing agent 5 has entered this recess. An
opening part 114 is formed in the platen 12 in a position that faces the reflective body 50

when the polishing head 2 in the polishing position is positioned at the pivoting center.

In the present working configuration, furthermore, as is shown in Figure 4, a half-
mirror 60 which is disposed between the lens 32 and slit 33, a mirror 61, a slit 133, lens
134, beam splitter 135 and lens 136 which correspond to elements 33 through 36 shown in
the figures, and an optical system 144 which corresponds to the optical system 44 shown
in the figures, are added to the measurement optical system 16 shown in Figure 2. Asa
result, the acquisition of the reference spectrum and the acquisition of the measured

spectrum can be accomplished simultaneously.

Specifically, one of the light beams (probe light) obtained as a result of the light
emitted from the xenon lamp 31 and caused to pass through lens 32 being split by the half-
mirror 60 passes through the window 15 and is directed onto the wafer 4, and the

spectroscopic intensity (measured spectrum) of the resulting reflected light is obtained
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polishing agent 5 is interposed between the reflective body 50 and the facing window 115,

is stored in the memory (not shown in the figures) of the signal processing part 17. This

processing is performed prior to the polishing of the wafer 4.

In a second example of this processing, the reference spectrum obtained from the
linear sensor of the optical system 144 of the measurement optical system 16 in a state in
which [a] the wafer 4 is held on the polishing head 2 that is in the polishing position, [b]
the polishing member 1 is not rotated, and the above-mentioned polishing head 2 is neither
rotated nor caused to swing, [c] the pressing pressure (load) is more or less zero (with
either a gap or no gap being left between the reflective body 50 and polishing body 13),
and [d] the above-mentioned polishing agent 5 is interposed between the reflective body
50 and the window 115, is stored in the memory (not shown in the figures) of the signal

processing part 17. This processing is performed prior to the polishing of the wafer 4.

In a third example of this processing, the reference spectrum obtained from the

linear sensor of the optical system 144 of the measurement optical system 16 in a state in
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pressure that is more or less the same as the pressing pressure (load) that is applied during
the polishing of the wafer 4, and [d] the above-mentioned polishing agent 5 is interposed
between the reflective body 50 and the window 115, is stored in the memory (not shown in
the figures) of the signal processing part 17. This processing is performed prior to the
polishing of the wafer 4.

In a fourth example of this processing, the reference spectrum obtained from the
linear sensor of the optical system 144 of the measurement optical system 16 in a state in
which the reflective body 50 faces the window 115 during the polishing of the wafer 104 is
stored in the memory (not shown in the figures) of the signal processing part 17. Here, in
cases where reference spectra are successively obtained simultaneously with measured
spectra during the polishing of the wafer 4 (in the present example, for instance, the
reference spectrum may also be obtained only once), the most recent reference spectrum at
the point in time in question (for example) may be used when the intensity ratio of the

measured spectrum is determined with the reference spectrum as a reference.

In the present working configuration, advantages similar to those of the above-
mentioned first working configuration are obtained. Furthermore, if the above-mentioned
fourth example is used, a reference spectrum can be obtained which reflects the effects of
the polishing agent in the state in which the measured spectrum is acquired; accordingly,
the effects of the polishing agent on the intensity ratio of the measured spectrum to the
reference spectrum can be further reduced, so that the precision of monitoring of the

polishing state can be increased even further.
Fourth Working Configuration
Figure 5 is a schematic structural diagram which shows a polishing apparatus

constituting a fourth working configuration of the present invention in model form. In

Figure 5, elements which are the same as in Figure 4, or which correspond to elements in
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The present working configuration differs from the above-mentioned first working
configuration in the following respects: specifically, in the above-mentioned first working
configuration, the polishing member 1 was constructed so that this polishing member 1
was larger than the wafer 4; in the present working configuration, on the other hand, the
polishing member 1 is constructed so that it is smaller than the wafer 4, and alterations are
added accordingly. In the present working configuration, the polishing member 1 swings
back and forth instead of the polishing head 2. Furthermore, since the polishing member 1
is smaller than the wafer 4, a portion of the wafer 4 or reflective body 19 that is exposed
from the polishing member 1 is irradiated with the probe light from the measurement

optical system 16, and no window 15 is formed in the polishing body 13.

Advantages similar to those of the above-mentioned first working configuration

can also be obtained using the present working configuration.

Furthermore, a working configuration similar to the working configuration shown
in Figure 4 may be obtained by modifying the above-mentioned second and third working
configurations in the same manner that the fourth working configuration is obtained by

modifying the first working configuration.

Furthermore, in the above-mentioned first through third working configurations, if
the wafer 4 or reflective body is caused to protruded from the polishing member 1 when
the polishing head 2 is caused to swing, and the system is arranged so that the protruding
portion (exposed portion) is irradiated with light from the measurement optical system,

then there is no need to form a window 15 or 115 in the polishing body 13.
Fifth Working Configuration
Figure 6 is a flow chart which illustrates the semiconductor device manufacturing

process of the present invention. When the semiconductor device manufacturing process

is started, an appropriate working process is first selected in step S200 from steps S201
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oxidized. Step S202 is a CVD process in which an insulating film is formed on the surface
of the silicon wafer by CVD, etc. Step S203 is an electrode formation process in which

\ electrodes are formed on the silicon wafer by a process such as evaporation, etc. Step

S204 is an ion injection process in which ions are injected into the silicon wafer.

Following the CVD process or electrode formation process, the work proceeds to
step S205. Step S205 is a CMP process. In this CMP process, the flattening of inter-layer
insulation films or the formation of a damascene by the polishing of metal films on the
surfaces of semiconductor devices, etc., is performed using the polishing apparatus of the

present invention.

‘ Following the CMP process or oxidation process, the work proceeds to step S206.

| Step S206 is a photolithographic process. In this photolithographic process, the silicon
wafer is coated with a resist, a circuit pattern is burned onto the silicon wafer by exposure
using an exposure apparatus, and the exposed silicon wafer is developed. Furthermore, the
next step S207 is an etching process in which the portions other than the developed resist
image are removed by etching, and the resist is then stripped away, so that the resist that is

unnecessary when etching is completed is removed.

Next, in step S208, a judgement is made as to whether or not all of the necessary
processes have been completed; if these processes have not been completed, the work
1 returns to step S200, and the previous steps are repeated, so that a circuit pattern is formed
on the silicon wafer. Ifit is judged in step S208 that all of the processes have been

completed, the work is ended.

Since the polishing apparatus of the present invention is used in the CMP process
in the semiconductor device manufacturing process which constitutes the present working
configuration, the precision of polishing endpoint detection or the precision of film

thickness measurement in the CMP process can be improved, so that the yield of the CMP
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Furthermore, the polishing apparatus of the present invention can also be used in
the CMP processes of semiconductor device manufacturing processes other than the

above-mentioned semiconductor device manufacturing process.

The semiconductor device of the present invention is manufactured by the
semiconductor device manufacturing method of the present invention. As a result, this
semiconductor device can be manufactured at a lower cost than is possible in conventional
semiconductor device manufacturing methods, so that the manufacturing cost of the

semiconductor device can be lowered.
Experimental Example 1

Experimental Example 1 relates to the above-mentioned first working
configuration. In this experimental example, an IC1000 polishing pad and Suba400
polishing pad manufactured by Rodel Co., were used as the polishing pads 13a and 13b in
the polishing apparatus shown in Figures 1 and 2. The respective sizes of the opening
parts in these polishing pads were set at 60 mm x 20 mm and 50 mm x 10 mm. The
surface of the transparent acrylic window 15 was recessed 0.2 mm from the surface of the

polishing pad 13a.

A 6-inch silicon wafer on which a thermal oxidation film had been formed to a
thickness of 1 pm was used as the wafer 4 constituting the object of polishing. A mirror
formed by vacuum-evaporating aluminum to a thickness of 2 um on a 6-inch glass plate

which had a thickness of 0.6 mm and which had the same shape as the above-mentioned

wafer was used as the reflective body 19.

Then, the above-mentioned mirror used as the reflective body 19 was first held on
the polishing head 2 in the polishing position so that the glass surface of the mirror faced

downward (i.e., so that this surface contacted the polishing pad 13a).
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Next, the above-mentioned mirror was pressed against the polishing body 13 under the
same pressing conditions as those used in the polishing conditions described below. In this
state, without causing any rotation or swinging of the polishing head 2, the spectrum of the
light reflected from the above-mentioned mirror was measured by the measurement optical
system 16, and this spectrum was stored in the memory of the signal processing part 17 as

the reference spectrum.

Next, the above-mentioned wafer was held on the polishing head 2 instead of the
above-mentioned mirror, and the thickness of the oxidation film on the above-mentioned
wafer was measured in situ as the polishing state monitoring results while this wafer was
polished under the polishing conditions shown below; this thickness was displayed on the
display part 18.

The above-mentioned polishing conditions were set as follows: namely, rpm of the
polishing head 2: 50 rpm, rpm of the polishing member 1 (platen rpm): 50 rpm, load
applied between the polishing head 2 and polishing member 1: 1.96 x 10 Pa, swinging of
the polishing head 2: none, polishing agent used: SS25 manufactured by Cabot Co.
(diluted 2X), polishing agent flow rate: 200 ml/min.

Specifically, the spectra successively measured by the measurement optical system
16 during the polishing of the above-mentioned wafer were respectively input into the
signal processing part 17 as the measured spectra obtained at the respective points in time
that the measurements were made. Each time that a measured spectrum for a respective
point in time was obtained, the intensity ratio of this measured spectrum to the above-
mentioned reference spectrum was calculated by the signal processing part 17;
furthermore, the film thickness (remaining film thickness) of the above-mentioned
oxidation film was calculated from the maximum and minimum positions of this
waveform (the waveform of the intensity ratios for the respective wavelengths), and the

film thickness at respective points in time was displayed on the display part 18.
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Figure 7 shows the intensity ratio of the measured spectrum obtained at a certain

point in time to the above-mentioned reference spectrum in this case. Furthermore, the

remaining film thickness of the oxidation film obtained as the monitoring results by this

experiment is shown in Figure 8. It is seen from Figure 7 that the components of the

oxidation film are favorably reflected in the intensity ratio of the measured spectrum to the

reference spectrum, and that these results are almost unaffected by the polishing agent, etc.

Furthermore, it is seen from Figure 8 that the monitoring results are also good.

Experimental Example 2

Experimental Example 2 relates to the above-mentioned third working

configuration. In this experimental example, an IC1000 polishing pad and Suba400

polishing pad manufactured by Rodel Co., were used as the polishing pads 13a and 13b in

the polishing apparatus shown in Figure 4. The sizes of the two opening parts in the

polishing pad 13a were respectively set at 60 mm x 20 mm, and the sizes of the two

opening parts in the polishing pad 13b were respectively set at 50 mm x 10 mm. The

surfaces of the transparent acrylic windows 15 and 115 were recessed 0.2 mm from the

surface of the polishing pad 13a. The spacing of the centers of the windows 15 and 115

and the spacing of the centers of the opening parts 14 and 114 in the platen 12 were

respectively set at 100 mm. A member in which aluminum was vacuum-evaporated to a

thickness of 2 pm as a metal film 52 on the surface of a transparent acrylic resin member

51 was used as the reflective body 50.

As in Experimental Example 1, a 6-inch silicon wafer on which a thermal oxidation

film had been formed to a thickness of 1 pm was used as the wafer 4 constituting the

object of polishing. This wafer was held on the polishing head 2 in the polishing position,

and the thickness of the oxidation film on the above-mentioned wafer was measured in situ

as the polishing state monitoring results while this wafer was polished under the same

polishing conditions as in the above-mentioned Experimental Example 1; this thickness

was displayed on the display part 18.

Specifically, the reference spectrum and measured spectrum that were measured

simultaneously by the measurement optical system 16 during the polishing of the above-
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a reference spectrum and a measured spectrum for a respective point in time were
obtained, the intensity ratio of this measured spectrum to the simultaneously obtained
reference spectrum was calculated by the signal processing part 17; furthermore, the film
thickness (remaining film thickness) of the above-mentioned oxidation film was calculated
from the maximum and minimum positions of this waveform (the waveform of the
intensity ratios for the respective wavelengths), and the film thickness at respective points

in time was displayed on the display part 18.

The intensity ratio of the measured spectrum obtained at a certain point in time to
the above-mentioned reference spectrum obtained at the same point in time in this case
was similar to the ratio shown in Figure 7. Furthermore, the remaining thickness of the
oxidation film obtained as the monitoring results by this experiment was similar to that
shown in Figure 8. Thus, the components of the oxidation film were favorably reflected in
the intensity ratio of the measured spectrum to the reference spectrum, with these results
being almost unaffected by the polishing agent, etc., and the monitoring results were also

good.
Comparative Example

As a comparative example, a polishing apparatus was used in which the polishing
apparatus shown in Figures 1 and 2 was modified as shown in Figure 9. In Figure 9,

elements which are the same as elements in Figure 2 are labeled with the same symbols.

In the polishing apparatus shown in Figure 9, a half-mirror 80 which is disposed
between the lens 32 and slit 33, and a lens 139, pinhole 140, lens 141, diffraction grating
142 and linear sensor 143 which respectively correspond to the elements 39 through 43 in
the figures, are added to the measurement optical system shown in Figure 2. As a result,
the spectroscopic intensity (spectrum) of one of the light beams (not the probe light used to
obtain the measured spectrum) that is produced as a result of the light emitted from the
xenon lamp 31 and passed through lens 32 being split by the half-mirror 80 is obtained
from the linear sensor 143. In this comparative example, as will be described later, the

spectrum obtained from the linear sensor 143 was used as the reference spectrum.
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In this comparative example, as in the above-mentioned Experimental Example 1,

an IC1000 polishing pad and a Suba400 polishing pad manufactured by Rodel Co., were

used as the polishing pads 13a and 13b; the sizes of the opening parts in these polishing

pads were respectively set at 60 mm x 20 mm and 50 mm x 10 mm, and the surface of the

transparent acrylic window 15 was recessed 0.2 mm from the surface of the polishing pad

13a.

As in Experimental Example 1, a 6-inch silicon wafer on which a thermal oxidation
film had been formed to a thickness of 1 um was used as the wafer 4 constituting the
object of polishing. This wafer was held on the polishing head 2 in the polishing position,
and while this wafer was polished under the same polishing conditions as in the above-
mentioned Experimental Example 1, the reference spectrum (spectrum obtained from the
linear sensor 143) and measured spectrum (spectrum obtained from the linear sensor 43)
that were simultaneously measured by the measurement optical system were successively
input into the signal processing part 17. Each time that a reference spectrum and measured
spectrum for a respective point in time were obtained, the intensity ratio of this measured
spectrum to the simultaneously obtained reference spectrum was calculated by the signal

processing part 17.

The intensity ratios thus obtained had a small S/N ratio, and showed violent
fluctuations and deformations due to the effects of scattering and absorption by the
polishing agent, etc. Complicated operations such as noise cutting and signal
normalization, etc., were required in order to analyze this waveform (the waveform of the
intensity ratios for the respective wavelengths); furthermore, considerable data that was
difficult to analyze was also included. Figure 10 shows the intensity ratio of the measured
spectrum obtained at a certain point in time to the reference spectrum in this comparative

example.
Possibilities for Utilization in Industry

The precision of monitoring of the polishing state can be improved by utilizing the

polishing state monitoring method and device of the present invention in a polishing
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the surface polishing of semiconductor devices, etc., and makes it possible to improve the

polishing precision.

The process wafer of the present invention can be utilized in the manufacture of
high-precision semiconductor devices. The semiconductor device manufacturing method
of the present invention can be utilized to manufacture high-precision semiconductor
devices. The semiconductor device of the present invention can be widely used in

electronic circuits as a high-precision semiconductor device.
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polishing state monitoring method [a] in which the polishing state of an object of polishing
which is polished by applying a load between a polishing body and this object of polishing
in a state in which a polishing agent is interposed between this polishing body and object
of polishing, and by causing the polishing body and object of polishing to move relative to
each other, is monitored during polishing, and [b] in which [i] the above-mentioned object
of polishing is irradiated with a probe light emitted from a specified light source, [ii] a
measured spectrum which is the spectrum of the light reflected by the above-mentioned
object of polishing is acquired during polishing, and [iii] the above-mentioned polishing
state is monitored during polishing on the basis of the above-mentioned measured
spectrum, [1] a specified reflective body is irradiated with light emitted from the above-
mentioned light source either prior to the polishing of the above-mentioned object of
polishing or during the polishing of the above-mentioned object of polishing, [2] a
reference spectrum which is the spectrum of the light reflected by this reflective body is
acquired, and [3] the above-mentioned polishing state is monitored during the polishing of
the above-mentioned object of polishing on the basis of the relationship of the above-

mentioned measured spectrum to the above-mentioned reference spectrum.

2. The polishing state monitoring method claimed in Claim 1, which is characterized by
the fact that the above-mentioned probe light and the above-mentioned light that is
directed onto the above-mentioned reflective body are directed onto the above-mentioned
object of polishing or the above-mentioned reflective body via one or more windows
formed in the above-mentioned polishing body, or else the above-mentioned probe light
and the above-mentioned light that is directed onto the above-mentioned reflective body
are directed onto portions of the above-mentioned object of polishing or the above-

mentioned reflective body that are exposed from the above-mentioned polishing body.

3. The polishing state monitoring method claimed in Claim 1 or Claim 2, which is
characterized by the fact that the above-mentioned reference spectrum is acquired in a state

in which the above-mentioned polishing agent is interposed in the light path of the above-
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characterized by the fact that the above-mentioned reference spectrum is acquired in a state
in which the above-mentioned polishing agent is interposed in the light path of the above-
mentioned light that is directed onto the above-mentioned reflective body and the light
path of the light that is reflected from this reflective body, and in which a load that is
substantially the same as the load applied during the polishing of the above-mentioned
object of polishing is applied between the above-mentioned polishing body and the above-

mentioned reflective body.

5. The polishing state monitoring method claimed in Claim 1 or Claim 2, which is
characterized by the fact that the above-mentioned reference spectrum is acquired while
the above-mentioned polishing agent is interposed in the light path of the above-mentioned
light that is directed onto the above-mentioned reflective body and the light path of the
light that is reflected from this reflective body, and while the above-mentioned reflective
body is polished under substantially the same conditions as the polishing conditions used

for the polishing of the above-mentioned object of polishing.

6. The polishing state monitoring method claimed in any one of Claims 1 through 5,
which is characterized by the fact that the above-mentioned reflective body or a member
which has this reflective body has substantially the shame shape and dimensions as the

above-mentioned object of polishing.

7. The polishing state monitoring method claimed in Claim 6, which is characterized by
the fact that [a] the above-mentioned object of polishing is a process wafer, [b] the above-
mentioned reflective body or the above-mentioned member is also held beforehand in the
container that accommodates the above-mentioned process wafer during the waiting
period, and [c] the above-mentioned reflective body or the above-mentioned member is set
in a specified polishing position at the time of acquisition of the above-mentioned
reference spectrum using a device which sets the above-mentioned process wafer in the

above-mentioned specified polishing position from the above-mentioned container.
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the holding part that holds the above-mentioned object of polishing during polishing.

9. The polishing state monitoring method claimed in any one of Claims 1 through 5,
which is characterized by the fact that the above-mentioned object of polishing is a process
wafer, and the above-mentioned reflective body is formed in an area of this process wafer

other than the device areas.

10. A process wafer which is characterized by the fact that [a] a reflective body is formed
on the side of the polished surface in an area other than the device areas, and [b] the size of
the area in which the above-mentioned reflective body is formed is larger than the light
spot that is directed onto the above-mentioned reflective body in order to acquire the
reference spectrum which is the spectrum of the light reflected by the above-mentioned

reflective body.

11. A polishing state monitoring device used for monitoring the polishing state of an
object of polishing which is polished using the method of any one of claims 1 to 9,
comprising [a] a light source that emits a probe light for irradiating the above-mentioned
object of polishing and a below-mentioned specified reflective body, [b] a spectrum
measuring device that measures the spectrum of the light reflected by the above-mentioned
object of polishing during polishing, as well as the spectrum of the light reflected by the
below-mentioned specified reflective body, [c] a specified reflective body that is irradiated
with light emitted from the above-mentioned light source either prior to the polishing of
the above-mentioned object of polishing or during the polishing of the above-mentioned
object of polishing, [d] a polishing state monitoring means that monitors the polishing state
of an object of polishing during the polishing of the above-mentioned object of polishing
on the basis of the relationship of the above-mentioned measured spectrum to the reference
spectrum that is acquired from the light reflected by the above mentioned specified
reflective body irradiated with light emitted from the above-mentioned light source either
prior to the polishing of the above-mentioned object of polishing or during the polishing of

the above-mentioned object of polishing.
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device that is equipped with a polishing body with one or more window(s), characterized
by the fact that the above-mentioned light source is so arranged that the emitted light from
it is directed onto the above-mentioned polishing body or the above mentioned specified

reflective body via the above mentioned window(s).

13. A polishing state monitoring device claimed in Claim 11, which is characterized by the
fact that the above-mentioned light source is so arranged that the emitted light from it is
directed onto the above-mentioned polishing body or the above mentioned specified

reflective body that are exposed from the above-mentioned polishing body.

14. A polishing state monitoring device claimed in any one of Claim 11 through 13, which
is characterized by the fact that the above-mentioned specified reflective body or a
member which has this reflective body has substantially the same shape and dimensions as

the above-mentioned object of polishing.

15. A polishing state monitoring device claimed in any one of Claim 11 through 13, which
is characterized by the fact that the above-mentioned specified reflective body is installed

in the holding part that holds the above-mentioned object of polishing during polishing.

16. A polishing state monitoring device claimed in any one of Claim 11 through 13 used in
a process wafer polishing apparatus, which is characterized by the fact that the above-
mentioned specified reflective body is formed in an area of this process wafer other than

the device areas.

17. A polishing apparatus which is characterized by the fact that in a polishing apparatus
which is equipped with a polishing body and a holding part that holds the object of
polishing during polishing, and in which the above-mentioned object of polishing is
polished by applying a load between the above-mentioned polishing body and the above-
mentioned object of polishing and by causing the relative motion of this polishing body
and object of polishing in a state in which a polishing agent is interposed between the

above-mentioned polishing body and the above-mentioned object of polishing, said
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18. A polishing apparatus which is characterized by the fact that in a polishing apparatus
which is equipped with a polishing body and a holding part that holds the object of
polishing during polishing, and in which the above-mentioned object of polishing is
polished by applying a load between the above-mentioned polishing body and the above-
mentioned object of polishing and by causing the relative motion of this polishing body
and object of polishing in a state in which a polishing agent is interposed between the
above-mentioned polishing body and the above-mentioned object of polishing, a reflective
body is disposed on the above-mentioned holding part so that this reflective body faces the

same side as the side on which the above-mentioned object of polishing is held.

19. A semiconductor device manufacturing method which is characterized by the fact that
this method has a process in which the surface of a semiconductor wafer is flattened using

the polishing apparatus claimed in Claim 17 or Claim 18.

20. A semiconductor device which is characterized by the fact that this device is

manufactured by the semiconductor device manufacturing method claimed in Claim 19.



