(54) [Title of the Invention] WAFER POLISHING METHOD [Detailed Description of the Invention]
[Technical Field] [000]] The present invention relates to a wafer polishing method, and specifically
to a wafer polishing method that can efficiently manufacture a wafer for a semiconductor having a high
flatness. [Background Art] [0002] A conventional wafer manufacturing method will be explained
by an example of a silicon wafer manufacturing method. First, a silicon single crystal ingot is grown, for

example, by th OCQ; Iski met 03 the CZ methocgﬁCT Ipl%ai silico i% tal ingot is
sliced to produgtles'C élic ?v'vge?s,ogn t&l%rtleéﬂ'eer%('a%l [ o\z%va ers'l':]agrgeI sgtljglgje'qge (!]:. g%h of the steps of
chamfering, lapping, and etching one after the other. At least a polishing process is subsequently

performed to mathgeq main gupase of ngla waler & H@rrpm@ﬁ@@%,{j)oos] In this polishing process

of the wafer, for example, a double-side polishing apparatus may be used to polish both surfaces of
the silicon wafdri€chni cal Fi el d]

[ 0001]

The present invention relates to a wafer
pol i shi ng met hod, and specifically to a wafer
polishing nmethod that can efficiently manufacture a
wafer for a sem conductor having a high flatness.

[ Background Art]
[ 0002]

A conventional wafer manufacturing method wll
be expl ai ned by an exanple of a silicon wafer
manuf acturing method. First, a silicon single
crystal ingot is grown, for exanple, by the
Czochral ski nmethod (the CZ method). The obtained
silicon single crystal ingot is sliced to produce
silicon wafers, and thereafter the silicon wafers are
subjected to each of the steps of chanfering, |apping,
and etching one after the other. At l|least a
pol i shing process is subsequently perforned to make a
mai n surface of each wafer a mrror surface.

[ 0003]

In this polishing process of the wafer, for
exanpl e, a doubl e-side polishing apparatus may be
used to polish both surfaces of the silicon wafer.

As the doubl e-side polishing apparatus, a so-
call ed four-way doubl e-side polishing apparatus is
normal |y used which has a planetary gear construction
in which a carrier for holding wafers are arranged
bet ween a sun gear provided at a center portion and

an internal gear provided at an outer circunferenti al



As the double-side polishing apparatus, a so-called four-way double-side polishing apparatus is
normally used which has a planetary gear construction in which a carrier for holding wafers are
arranged between a sun gear provided at a center portion and an internal gear provided at an outer
circumferential portion. [0004] The four-way double-side polishing apparatus can simultaneously
polish both surfaces of the silicon wafers by inserting the silicon wafers into a plurality of carriers, in
which wafer-holding.holes are formed, to hold the wafers, by rotating an upper turn table and a lower
turn table, in which'd Bglishing pad is attached on each of the surfaces facing to the wafers, in a
direction relatieddWHe another with pressing the upper turn table and the lower turn table against

front and back surfacesof epghy of vv_ggqjgl while gepelgmgsﬁ pﬁgs@ng}Lg%gom above the held

silicon wafers, and by concurrently rotating and revolving the carrier with the sun gear and the internal
gear. [0005]  CaNculeler L RAEA YT KoBPE-deBchdd' dsuhieasEs pBiishiRg apparatus is used to

polish, there areiprpblemswadi@T thabyhe peastuctividy tsHewsevarcibwughifiat svaferscan be obtained or

on the contrary Ip\évrfleftp?ss \6v]aferg are eorbgain?% eygn érﬁou '}tehre- %rgldgctivity islhé%h. This is because
there is a tradedff reﬂationghip between a polishing raté of the wafer and the flatness. To deal with

these problemsarcRiakpstagd, procedsmdg by keephigethe, pdighingtratd ag Icw aspekible is needed in
a finishing stagey, [3PQ64 i ¥iexnaf this. dheie hag heerpped applighinghmsgthod to flatly and smoothly
Polish by s A P g Ta oY i 2 PRea 08 “E5Th of the surfaces

facing to the wafers, in a direction relative to one

another with pressing the upper turn table and the

| ower turn table against front and back surfaces of

each of the wafers, while supplying a polishing

slurry from above the held silicon wafers, and by

concurrently rotating and revolving the carrier with

t he sun gear and the internal gear

[ 0005]

However, when the above-described doubl e-side
pol i shing apparatus is used to polish, there are
probl ens such that the productivity is | ow even
t hough flat wafers can be obtained or on the contrary
|l ow fl atness wafers are obtai ned even though the
productivity is high.

This is because there is a tradeoff
relati onship between a polishing rate of the wafer
and the flatness. To deal with these problens,
qguasi -static processing by keeping the polishing rate
as low as possible is needed in a finishing stage.

[ 0006]

In view of this, there has been used a
polishing method to flatly and smoothly polish by
switching a polishing agent into a polishing agent



having a different grain diameter or a different pH on the identical turn table (See Patent Document 1,
for example), or by polishing while lowering a rotation number or decreasing a load when finishing is
close at hand (See Patent Document 2, for example). [0007] [Patent Document ]] Japanese
Unexamined Patent publication (Kokai) No. 2006-32447 [Patent Document 2] Japanese Unexamined
Patent publication (Kokai) No.H9-38849 [Disclosure of the Invention] [The Problem to be solved by the

Invention] [000 . In the method described above, polishing conditipns (type qgf a polishing agent,

a polishing Ioaolﬁ,;a\(r'ld1 g s%egc'ﬁ;%%fnesﬁheg E)gl'isqﬁh‘% %Hﬁggé of kaén @drﬁlﬁ%é{g v{%l]ch the polishing

pad is attached)raré Beviicledtdugiah dne po ec ri afér, processing and a
di hed)raré keviticHedtduciay d lishincecydhe ¢omaivandr iPamyreniafé d

plurality of waferg,in ‘g@g;ﬂjyvge_, n@pngppmelsgqg}rg[omg] e | d%p_iﬁ{ae@od, however, the

polishing conditions are not switched with taking account of deterioration of a polishing jig material

such as the pofigHiRd baB dHMAB calfield RCRBR! fda Hai@eshapeeButh BN H%ter peripheral sag,

thereby occursi $hislis ecausetheddetsseratandntthOeboremaerrjort matesiadigppenerated by

polishing, and mﬁ%ﬁshing conditions (for example, a polishing speed) thereby vary even in the case
el

of polishing wit entical apparatus in the same conditions. Moreover, since timing of switching
the [ Patent Docunent 1] Japanese Unexam ned Pat ent

publicati on (Kokai) No.2006-324417

[ Patent Docunent 2] Japanese Unexam ned Pat ent
publicati on (Kokai) No.H9-38849

[Di scl osure of the Invention]

[ The Problemto be solved by the Invention]

[ 0008]

In the met hod descri bed above, polishing
conditions (type of a polishing agent, a polishing
| oad, and a speed agai nst the polishing surface of
each turn table to which the polishing pad is
attached) are switched during one polishing cycle
(one wafer in single wafer processing and a plurality
of wafers in batch-w se manner processing).

[ 0009]

In this method, however, the polishing
conditions are not switched with taking account of
deterioration of a polishing jig material such as the
polishing pad and the carrier. A failure in a wafer
shape, such as an outer peripheral sag, thereby
occurs. This is because the deterioration to the
above-nention material is generated by polishing, and
t he polishing conditions (for exanple, a polishing
speed) thereby vary even in the case of polishing
with the identical apparatus in the same conditions.

Mor eover, since timng of switching the



polishing conditions is constant regardless of the deterioration of the polishing jig material such as the
polishing pad and the carrier, there arise problems such that the productivity becomes worse by
increasing a polishing time with the deterioration of the polishing pad, and that excess or deficiency of
polishing stock removal occurs. The problem of the excess or deficiency of polishing stock
removal may easily suppress by measuring the thickness to adjust during polishing or after and before
polishing with extrlactiﬂg it. Howe(yietr,i since the Q%Iisf}iiré%peeds 50 ag stopp Q%IféNay and thereby the

productivity befSmes S|gnrﬁ1ficca?1rtlly wor Q,S’it 'SnGORANEE me 8]% I\/Poreover, when the wafer is

polished, the pdkdheng edtatviapiesafuet toehp @etsddragon iof thepelishivhg pad lanashe like. As shown
in FIG. 6, the ppH%hiBgﬁir@qﬂqgéjirﬁgcfogﬁgliqt}{@g gQrtpiaet,a’rgqtﬁgicgngﬁ gfta accordingly greatly

varies between the case of a high polishing rate and a low polishing rate. There thus arises a problem
that the time reiURBH §5BpSihihg PRices8%s RECLUBIE thl dtaies BHRSalPlF§etMickness in the
finish of polishingcY\éwesi the rolisbingstiine ds mage eanstanthié islevesrpalisheddn case of a high

polishing rate, ?{I%t of J?‘-‘%rﬁ,s nsﬁclf?l gg, sc#%t&htq{g tth%r)gagé( %enoerratgglf fi@‘,j a rP/(#]g-:-{ld oqreatly becomes
worse. On the othér hand, a pofishing’deficiency occurs’in case of a’low polishing rate, the flatness of

the wafer thereRglbetbinits Wbk aheithe §leld ey ISecomes worse. [0011] FIG. 7 shows the
case where the thicknegs:offhe yvafay i therinigfk ebralistingiean Bpdnage grconstant target
thickness a by measuring the .

pol i shing stock renoval may easily suppress by

measuring the thickness to adjust during polishing or

after and before polishing with extracting it.

However, since the polishing needs to be stopped

hal fway and thereby the productivity becones

significantly worse, it is not realistic nethod.

[ 0010]

Mor eover, when the wafer is polished, the
polishing rate varies due to the deterioration of the
polishing pad and the like. As shown in FIG 6, the
polishing time required for polishing up to a target
t hi ckness of o accordingly greatly varies between the
case of a high polishing rate and a | ow poli shing
rate. There thus arises a problemthat the tine
required for polishing process is not stable to
obtain a constant target thickness in the finish of
polishing. When the polishing tine is made constant,
it is over-polished in case of a high polishing rate,
a lot of failures such as scratch are thereby
generated, and a yield greatly beconmes worse. On the
ot her hand, a polishing deficiency occurs in case of
a low polishing rate, the flatness of the wafer
t hereby beconmes worse, and the yield al so becones

Wor se.



thickness of the wafer during polishing. In this way, the thickness in the finish can be made a
target thickness by the measurement of the thickness of the wafer, but each polishing time greatly
differs between the case of a high polishing rate and a low polishing rate. The time required for
polishing processing is not therefore stable, also the quality of the wafer is not stable, and these
become a bottleneck. [00]2] The present invention was accomplished in view of the
above-explaineldoﬁrfﬁems, and its object is to provide a wafer polishing method that can manufacture
a wafer having'a high'flatness and a high smoothness at high productivity and high yield. [Means to
solve the Problems] [06]3F. 7 Fbcwhidveethissisient) eiee ptdsznt Mvekiiea provides a wafer polishing

method includipg, simliianequs!y plishing Qq)ith(_.;sfur[j'a(5:|e§5q{ia}1 afer bygyessigg and rubbing the wafer,

while holding the wafer with: a lower turn table having a flat polishing-upper-surface rotationally driven;
an upper turn taeHaig haag pblisHh§HAREEsarfade FRAGIHAINHrRR, the upper turn table being

arranged with faningikiadbe lafet thien (rtfler an aicagrigydnavdmg agvafer-holding hole for holding the

wafer, wherein the polishing,is performed while measuring. a thickn of the wafer through a plurality
of windows provided bER/velgehr{ é) r(%\%%bn{i%%telr a{nc(%gr? Séag'er(])f r%ee lﬁsggrl tsurrln tble %? the lower turn

table, and swit¢tieg adpdlishiryf slufry wiithea pohishihg slurearaviagendiffeferit p@lishing rate during the
polishing of the watatn@9Mlor t ha thigannes,wheq the Bg|i$igﬂg ,lt&}pgqf%ned while measuring the
r

thickness of the wafer at the time of simultaneously polishing both surfaces, the thickness of the wafer
can be evaluat8fl 3t tifd. FEimPEF eeitdMng @R tRE sturR} BAVIRG'd §iffeRsht polishing rate
and the end of egpadishing stateoearm bk itediieheyersgen. witlbet stoppingdeaipadighihgr and the time

required for pog%qiri\%R(%cgesain&%%rgpﬁéeg%c%dm t herefore stable, also
the quality of the wafer is not stable, and these
becone a bottleneck
[0012]

The present invention was acconplished in view
of the above-expl ai ned problens, and its object is to
provi de a wafer polishing nethod that can manufacture
a wafer having a high flatness and a hi gh snoot hness
at high productivity and high yield.

[ Means to sol ve the Probl ens]
[ 0013]

To achieve this object, the present invention
provi des a wafer polishing nethod including
si mul t aneously polishing both surfaces of a wafer by
pressi ng and rubbi ng the wafer, while holding the
wafer with: a | ower turn table having a flat
pol i shi ng-upper-surface rotationally driven; an upper
turn table having a flat polishing-Iower-surface
rotationally driven, the upper turn table being
arranged with facing to the |lower turn table; and a
carrier having a wafer-holding hole for holding the
waf er, wherein the polishing is performed while



Moreover, for example, the wafer is first polished with a polishing slurry having a high polishing rate,
and the polishing slurry is switched with a polishing slurry having a low polishing rate halfway. The
polishing is thereby performed in a condition of a high rate and rough processing, and thereafter a high
precision polishing is performed at a low rate. The time required for polishing the wafer can be thereby
reduced, and the productivity can be Increased without decreasing the flatness and smoothness of the
wafer. Conse%uuerntll){ the \{Vﬁfer can be 8?"%*}?0' at t}lgrrl p{%dructi(}i/gy and high yield, and the wafer

having a high PATRS énc?a""high s&%%?ﬁﬁc’ess can be Wanuractifed! 0]%] Moreover, the

plurality of winddws ate psefefably paidedamedgpep etimerablea r ot hemthe thickness of the
wafer is measqg%q,pgringmligwngdag)ugp thﬁ(_plwﬁﬂyroftvylipgoyvgmrgvigpdtq;éhe upper turn table, a

leak of the polishing slurry through the windows does not occur and the polishing slurry does not enter
the inside of thk fehirgd’ A haBs&re AJHInSMhEIBARE FotRAEISTBIENFcsYalY Consequently, the

maintenance ofwhentuan pales beagmes wasy, aad iariskaofd Measaring pevhleni aigthe thickness of

the wafer can bea§ueopgg§lsed. [99](36] ol i Mareover, t ehwaferfi% Preferably polished in a batch-wise
manner. Sifce the watet pollshiFr)]g mathod actor ing tOhe present invention enables the wafer

having a high fl2®%dsH to be obtained at high productivity, and the productivity can be more Improved
by polishing in a batchwise gnannginHeihe RIgERNE IN¥ERIPN. SR thespgfishing isggrformed while

measuring the thickness of the wafer throu?éh the plurality of windows, even in the case of
|

simultaneously'BYISRINGE2BHIFARG Jf Wartid ifkDESRhShisk Maiidre thetthiddi@sses of all wafers can
be precisely measuredf [00ilflil t andouadver palniethod @f buedsusingfthe ékicknéss of the wafer is

preferably an OPHF?IJ QS%“OCE} inlt%réer\%ﬂ]e&y t?:%’aﬁ v%a?veé%%qtlpévt?éigp,eﬁir}frgﬁq ia}s . In this
manner, when a reflection spectrum on the surface of the wafer (a situation of interrerence
Timng of the switching with the slurry having a
different polishing rate and the end of a polishing
state can be therefore seen without stopping the
polishing, and the tinme required for polishing
processi ng can be reduced.

Mor eover, for exanple, the wafer is first
polished with a polishing slurry having a high
polishing rate, and the polishing slurry is swtched
with a polishing slurry having a | ow polishing rate
hal fway. The polishing is thereby perforned in a
condition of a high rate and rough processing, and
thereafter a high precision polishing is perforned at
alowrate. The tinme required for polishing the
waf er can be thereby reduced, and the productivity
can be increased w thout decreasing the flatness and
snoot hness of the wafer.

Consequently, the wafer can be polished at high
productivity and high yield, and the wafer having a
hi gh fl atness and a hi gh snoothness can be
manuf act ur ed.

[ 0015]



of light reflected from a front surface and a back surface of the wafer) is evaluated by the
wavelengthvariable-infrared laser, the thickness of the wafer can be measured with high precision
during polishing. [00]8] Moreover, timing of the switching of the polishing slurry is preferably
determined on the basis of at least one of an elapsed time from a start of the polishing, a polishing
rate, polishing stock removal, and a lifetime of a polishing pad. In this manner, when the switching
of the polishing slurry is,determined on thelbasis1 oftthe c?la%.eddtime from the start of the polishing, the
polishing rate, the polis |ﬁ§ ok remo‘%/a'ﬂ andthe' ifetime ¥ & p?c\)'ﬁhﬁqrgepad, an appropriate response
can be made apeefdéigaty sirqumastadeds atainkea yolishingwtatetsflthe wafer, which varies

depending on the deteyiggationf tpﬁipggﬁréigg jigfmgm;i_a\;\épgp as ¢he pglishing pad and the carrier.

The target shape of the wafer, particularly Improvement in the outer peripheral sag, stabilization of the
flatness, and tHtH{akGé HAbLSBIHe PSS tb& RINHERI Ichk B thé &R¥Peadily achieved.

[0019] Mopeaudrdadeast ome ofip pefishingrioadm egtation spkeddf theeupper turn table, and a
rotation speed of }he lower turn table itstprefer%bly chaaﬁgﬁgéj\ﬂsring the pr?g§hi8gcof the wafer on the
a

basis of measufed data cr)]1gthséI thickhess oP the w Peer. In this manngﬁswhen atleast one of a polishing

load, a rotationadpéeldhsf the luppet ngnhbler ¥nd eedtaisn spdert of the lower denahble is changed,
in addition to the,awitelung M4, thesluey fgvindg difirent prlishingkrate dygpg the polishing of the

wafer, a minute and appropriate response can be made during the polishing of the wafer against

changes in the [JHRERNG ORISR to dERMDEAIFNGT & medhaniEh B5EAFCSolishing. The wafer
having a greatlgthighhBatness of tid pslidhedosstaceacan batikrafare statkdy ohtained. [Effects] [0020]
As explained a . [he waf ishi thad accarding o resentipyention enables the
Improvement in \ée%'ggtleﬁéraﬁfogﬂgif{ﬁg%ﬁaqpﬂgof ?ﬁé %v‘g#ré%%u?faqs ﬁée %Fegr?peér%rh]eral sag, due to
small changes € trupdlistise donditions during polishing, the changes which are accompanied by the

[ 0016]

Mor eover, the wafer is preferably polished in a
bat ch-wi se manner.

Since the wafer polishing nethod according to
t he present invention enables the wafer having a high
flatness to be obtained at high productivity, and the
productivity can be nore inproved by polishing in a
bat ch-wi se manner. |In the present invention, since
the polishing is performed while nmeasuring the
t hi ckness of the wafer through the plurality of
wi ndows, even in the case of simultaneously polishing
a plurality of wafers in a batch-w se manner, the
t hi cknesses of all wafers can be precisely nmeasured.
[0017]

Mor eover, a method of nmeasuring the thickness
of the wafer is preferably an optical reflection
interferonmetry by a wavel ength-vari abl e-infrared
| aser.

In this manner, when a reflection spectrum on

the surface of the wafer (a situation of interference



deterioration of the polishing jig material such as the polishing pad and the carrier, and the stabilization
of the flatness of each wafer can be obtained. In addition to these, since the polishing is
performed while measuring the thickness of the wafer, the timing of the switching of the polishing
agent can be changed on the basis of the deterioration of the polishing jig material such as the
polishing pad and the carrier, and the target amount of the polishing stock removal can be obtained in
relatively short ti{nq.iﬂhe prodyf:tivi[%/ can be there{orrgrépprov d, the varjation of }(he thickness can be

made very smaﬂl, and? (tayfe(?d caf be greraﬂ)r/nl%prove : [Iiélét I\%ge iels g‘ml}l% out the Invention]

[002]] Hegmin&feere tid ptasenniriven)ion svikkbelexaladedin déilwaveleesgtthe present
invention is notresirigled thereioar e Th8 oublgssidemnqlighingaRparais ageoLding to the present

invention used for the wafer polishing method will be explained with reference to the drawings, but the
present inventiGATs RSt GERNES FeMitRdtheretB! [8BRS] ON A& 5REWR R KB BSthe double-side
polishing appafapgd 8P according to the present invention Includes the lower turn table 12 having the
flat polishing-upper-sutface rotationally driven; th per turn table 11.having the flat
polishing-lowersurfaceﬁ\_@)[a%%\ﬁ%ny d?i&%,ntﬂeou%pgeﬁgursn a %hbé}ﬁg(grrgr\fbed with facing to the lower
turn table 12; apdlthe ltiangersl 3/having she welfer-hadldihgiedle for heldirgtheheafer, in order to hold

the wafer W, apg gfsg Igelugies|tbg yafgnihiginess-rapapeing mespanisghl @ fak measuring the
thickness of the wafer W during polishing. The plurality of windows 14 for measuring the

thickness of th® waf&€dRftld pihhg an8 % pStEhiHy-SiakS:sUpply HECRENRHPES are provided at a
side of the uppeetwndableddd [@023]f et i Mbeofafar-phickddsamepadring mechanism 16 has at least

e o o SR AR, ARl et e e et

of the wafer frop®tieshi ng slurry is determ ned on the basis of the
el apsed tinme fromthe start of the polishing, the
polishing rate, the polishing stock renoval, and the
lifetime of a polishing pad, an appropriate response
can be made according to circunstances agai nst a
polishing state of the wafer, which varies dependi ng
on the deterioration of the polishing jig material
such as the polishing pad and the carrier. The
target shape of the wafer, particularly inprovenent
in the outer peripheral sag, stabilization of the
fl atness, and the target amount of the polishing
stock removal can be therefore readily achieved.
[ 0019]

Mor eover, at |east one of a polishing |load, a
rotation speed of the upper turn table, and a
rotation speed of the lower turn table is preferably
changed during the polishing of the wafer on the
basis of measured data of the thickness of the wafer.

In this manner, when at |east one of a
polishing |oad, a rotation speed of the upper turn
table, and a rotation speed of the |ower turn table



detected laser. As will hereinafter be described in detall, in the case of changing at least one of a
polishing load, a rotation speed of the upper turn table 11, a rotation speed of the lower turn table 12
during polishing, the upper turn table 11 and the lower turn table 12 can be controlled by installing a
polishing control unit 17. The at least one of a polishing load, a rotation speed of the upper turn table
11, a rotation speed of the lower turn table 12 can be thereby changed. [0024] Hereinafter, the
wafer polishing. metmod acc&)rdi.nrc_f tg a‘sa‘? épreseqt inv%néion byt %%up% the apﬁv?-described double-side

polishing appa}a%usc ARASE eXpI'aine el H8Wtever, me presenginv\\}'en on l|15e not restricted thereto.

[0025] First, the wafervo g polidhtties est topblei iy r at Ehdwvafegistietd with the
polishing-lowerﬁgrfpg@l pﬁ@%ppﬁqa{etu%p@le’, %oliﬁ,hm-;ép%q{augﬁﬁg Qﬁmealpgver turn table, and the

carrier, and the polishing is started while supplying the polishing slurry and rotating the upper turn
table and the IGFSPRRT Baiéth BofReRtall Plard [dd¥%) POl | R cQe, tAE polishing is performed
while measuringstherthigkaesssof ibleanaies throughéheplurality g opentrigsi pragidedeat the upper turn

tame(ﬂthelomﬁ%t%%vgpk%ration of a mechani sm used for polishing.
The wafer having a greatly high flatness of the
pol i shed surface can be therefore stably obtained.
[ Ef fects]
[ 0020]

As expl ai ned above, the wafer polishing nethod
according to the present invention enables the
i mprovenent in the deterioration of the shape of the
waf er, such as the outer peripheral sag, due to snmall
changes of the polishing conditions during polishing,
t he changes which are acconpani ed by the
deterioration of the polishing jig material such as
t he polishing pad and the carrier, and the
stabilization of the flatness of each wafer can be
obt ai ned.

In addition to these, since the polishing is
performed while neasuring the thickness of the wafer,
the timng of the switching of the polishing agent
can be changed on the basis of the deterioration of
the polishing jig material such as the polishing pad
and the carrier, and the target anount of the
pol i shing stock renoval can be obtained in relatively
short time. The productivity can be therefore
i mproved, the variation of the thickness can be made
very small, and the yield can be greatly inproved.

[ Best Mbde for Carrying out the Invention]
[ 0021]



The thickness of the wafer can be thereby seen during the polishing without stopping the polishing
and in particular the thickness of the wafer during the polishing can be seen at any time. Whether the
thickness reaches to a target thickness of the wafer can be thereby judged while performing the
polishing. That is, whether the thickness reaches to a target thickness of the wafer can be judged
without stopping the polishing, and the time required for the polishing can be consequently reduced.
In addition to these, sirﬁ:e the w?fer can Btbe polished i?toI a \t/egﬁﬂ tohrllcmelsF Véi:ehout predetermining the

polishing time, the excess 5t 08 iéigrrICy %eppg(ﬁlséﬁpng does not occur, and the deterioration of the

flatness can beesupmessestl. iThadéd, ahis.carHalse vranagé ehepdeteeidtationvefithe polishing pad and

the like. [0027]; ¢ 41 theawatsr polighingdpethed according to the present invention, the polishing
slurry is switched with a polishing slurry having a different polishing rate with a certain timing. For

example, the wafer is rbii§h Ishied!% MEh & Wlh 8P BORHISg SRFS 4VASg a high polishing
rate at the beginaincthef thedxdishingrireraniddiprueieal highr palishingafaée). dblereaftargit is changed, for
example, when thtehthi&komeﬁ o[)tehe Waqer.becgmest%tarrg tthicknes§g. tlrhtehis change, the polishing

slurry is switched with-a polishing sFuXrPy ﬁ‘é\ﬂﬁg a'low polis Fnrger%?g during the polishing to precisely

polish the wafed b@ vl 6@ ated(E corivition 6f & Mbw ipdYishihg aatd) SThepohishiaguiéeod as described
above enables, @ {¢ta] imgJepHised f¢ polishing the wafer to be reduced. The polishing in a finishing
stage is performed after changing with the polishing slurry having a high polishing precision, and the
flatness of the b I wafer is not thereby sacrificed. The wafer having a high flathess and a high
smoothness can be theweferembiainedritGighs pracuetidibyibl e- si de pol i shi ng

apparatus 10 according to the present invention

i ncludes the lower turn table 12 having the fl at

pol i shi ng-upper-surface rotationally driven; the
upper turn table 11 having the flat polishing-I|ower-
surface rotationally driven, the upper turn table
being arranged with facing to the lower turn table
12; and the carrier 13 having the wafer-hol ding hole
for holding the wafer, in order to hold the wafer W
and al so includes the wafer-thickness-neasuring
mechani sm 16 for nmeasuring the thickness of the wafer
W during polishing.

The plurality of wi ndows 14 for neasuring the
t hi ckness of the wafer during polishing and a
pol i shing-slurry-supply mechani sm 15 are provi ded at
a side of the upper turn table 11
[ 0023]

The wafer-thickness-nmeasuring mechani sm 16 has
at least an optical unit 16a for radiating |aser to
the wafer, a photo detector 16b for detecting the
| aser reflected fromthe wafer, a |l aser source unit
16¢, and a cal culation/control unit 16d for
cal cul ating the thickness of the wafer fromthe
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[0028] In this case of the present invention, the thickness of the wafer is measured through the
plurality of openings. Therefore, even when a plurality of wafers are simultaneously polished in a
batch-wise manner, the thicknesses of all wafers can be measured, the thicknesses can be measured
with high precision, and the polishing can be thereby performed with high precision. [0029] Here,
the thickness of the wafer can be measured through the plurality of openings provided at the upper
turn table. thhentth tpickness of the wafer is measured through the plurality of openings
provided at the ueppee?' 1Y ta%?epj the openings can be arranged above the wafer, the leak of the
polishing slurry can beAbembyl suppressef. tTdve rheasieecagadinst the lekek &inot thérefore necessary,

and the maintepggoe g§ (N&siUre FARIES AENSRIYCILYDSGRENGSY CaYpAISQ NG fhiFkngss of the water

can be of course measured through the plurality of openings provided at the lower turn'table. [0030]

The method of fné&iRingtRe TRRRAeS of the WRRE' cd'b& ahdiRalfefleBtion interferometry by a

wavelength-variaghlatinfsaresidaser. of t hbeltbisknesuphtheawafer can dyerinagsured with high

precision by the a]bov%-.descrilt') d optical re{lectior# ig%ﬁrfer%\eéwgli. r?{Qic‘(h Wavel?rl}gtrp dispersion of
ightre

) 0 in e er turn ower
the reflection (z? reflection %’pec fam & Situation of [Aterfersncé o reflected from & front surface

and a back surfeel ¢ the veor)he resutifigaréd frohyreflestian kireggih eidligslpivegyelength-swept
"wavelength-varighie-ifrasad dases” omihe syiface of the wafeys apd @oiregtp@q@/ analysis is carried
out. [003]] | oad, a rotation speed of the upper turn table 11, a

rotation speed of the lower turn table 12 can be

t hereby changed.

[ 0024]

Her ei nafter, the wafer polishing nethod
according to the present invention by using the
above-descri bed doubl e-side polishing apparatus w ||
be expl ained in detail. However, the present
invention is not restricted thereto.

[ 0025]

First, the wafer to be polished is set to the
carrier.

The wafer is held with the polishing-Iower-
surface of the upper turn table, polishing-upper-
surface of the lower turn table, and the carrier, and
the polishing is started while supplying the
polishing slurry and rotating the upper turn table
and the ower turn table in a horizontal plane.

[ 0026]

In this case, the polishing is performed while
measuring the thickness of the wafer through the
plurality of openings provided at the upper turn
table or the lower turn table.

The thickness of the wafer can be thereby seen

11



In the present invention, the timing of the switching of the polishing slurry can be determined on the
basis of at least one of the elapsed time from the start of the polishing, the polishing rate, the polishing
stock removal, and the lifetime of a polishing pad. The polishing conditions, such as the polishing
rate of the wafer, vary due to the deterioration of the polishing jig material such as the polishing pad
and the carrier. However, in the present invention, the polishing is performed while accurately

measuring the %-lickness f the erllfgrhthrou%\ Rmeoialtural'{t [

Jekness qfdne gater iy Aty oh oRenings ong b pne Therefore, an
appropriate res onsE San be Made accogding S eltumstitel gainstpsmaIF‘c ar%es in the polishing

conditions of thengafen byarding tHealifetiime dflthe botisisingfpadh ehevefapsed dinié from the start of the

polishing, the poljshiggrpte, ittp,% pelishigg s%{egiovigl,g)rt petermiiRgithe timipg of the switching of
the polishing slurry. The shape of the polished wafer can be thereby stably made flat with high
precision, and pitielR#HIhE SRENESerifhefal HPEIn bBiIMPRARR. #f abafiolab $his, the thickness

of the wafer capdre ieadily erasteyajtargge thiekndss. [¥I32dr mi niyloréeveioat leashgne of the polishing

load, the rotatign speed of the er turn table, and the rotation speed of tEe lower turn table can be
changed durin%ﬁpélf‘shir\{gn 8¥?ﬁ%wg oF gn}}hg %.eSISSS(_) r%%gog'&rsgc?t datd o ?I'qegﬁ?i(_:kness of the wafer.
As described abbieknesrs adfedshenwaff eie palistieg ity elte vothtion speéd P tiupper turn table,

and the rotation gegd of H4 lyrer du taRle isiGhanged durt® Ralishinge in addition to the switching
with the slurry having a different polishing rate during the polishing, the polishing rate and the like can

be minutely an8 e EMsh @ d g HESSAREIH] i &SP Hate response can be therefore made
against the changes inlthe gubdishingrcanolitiamnssadyrirg thegoalisbingadfehe sreafeb el he wafer having a

very high flatn(_a glqrgw&sqrrﬁcg %ftqr o#gpinlghqagkp]% gganmedm/ obtained. [0033] In the
present invention, the wafer can be polished in a batch-wise manner.

predeterm ning the polishing tinme, the excess or

deficiency of the polishing does not occur, and the

deterioration of the flatness can be suppressed.

That is, this can also manage the deterioration of

the polishing pad and the I|ike.

[0027]

In the wafer polishing nmethod according to the
present invention, the polishing slurry is swtched
with a polishing slurry having a different polishing
rate with a certain timng

For exanple, the wafer is roughly polished at a
high rate with the polishing slurry having a high
polishing rate at the beginning of the polishing (a
condition of a high polishing rate). Thereafter, it
is changed, for exanple, when the thickness of the
waf er beconmes a target thickness y. In this change,
the polishing slurry is switched with a polishing
slurry having a |l ow polishing rate during the
polishing to precisely polish the wafer at a low rate
(a condition of a |ow polishing rate).

The polishing nethod as described above enabl es

12



The wafer polishing method according to the present invention enables a flat wafer to be manufactured
at high productivity. The productivity can be more Improved by polishing in a batch-wise manner.
[0034] Here, the case of changing the timing of the switching of the polishing slurry on the basis
of the lifetime of the polishing pad will be explained in detail with reference to the drawings, but the
present invention is not of course restricted thereto. As mentioned above, the timing of the

switching can be alsp changed on the.basis of the elapsed time, from the start of the polishing, the
fispghang ip pihe ciapssd time from the star of th

polishing rate, fhe p())ol%hing fock ?(9#1'0(/5, and'cah®e (':(%Jrsfa c%a\f\]’aegrby ® e|ning these. [0035]

FIG. 1 will be firstdxpedned TRES.pbhis & hiengshawiagfamesdnpk sfttagaelasionship between the
elapsed time fng} herstad ogppg§hieg 5% %ewq%th%@i%e§§ 1of ,%e gvia[ﬁ;rrig case of determining

the timing of the switching on the basis of a target thickness, in the wafer polishing method according
to the present iRG¥AEGHh.2 i @ RAIGBBHEBHREESHhEE e pBlichihd & pEALMTSS while measuring
the thickness apany lingdhé shisey orit be suselyehanpged @by pradeieringiatl targaethickness, and
the wafer having the thickness with no yarjation can be finally pbtained. [0036 In this case, when
high rate polishing i al?i?éltlsrt]ggeaishf)eqrforﬁe% gteas%ig%nr%té’i,yiB're@:hségéporgﬁéJtermined polishing stock
removal (a targg@n be therefore obtained at high productivity.

[ 0028]

In this case of the present invention, the
t hi ckness of the wafer is nmeasured through the
plurality of openings. Therefore, even when a
plurality of wafers are sinmultaneously polished in a
bat ch-wi se manner, the thicknesses of all wafers can
be nmeasured, the thicknesses can be nmeasured with
hi gh precision, and the polishing can be thereby
performed with high precision.

[ 0029]

Here, the thickness of the wafer can be
measur ed through the plurality of openings provided
at the upper turn table.

VWhen the thickness of the wafer is nmeasured
t hrough the plurality of openings provided at the
upper turn table, the openings can be arranged above
the wafer, the |Ieak of the polishing slurry can be
t hereby suppressed. The neasure against the leak is
not therefore necessary, and the maintenance of the
turn tabl es consequently becones easy. Also, the
t hi ckness of the wafer can be of course neasured
t hrough the plurality of openings provided at the
| ower turn table.

[ 0030]
The net hod of neasuring the thickness of the
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thickness 7) for a short time, but since the polish is performed at a high rate, the shape of the wafer is
apt to deteriorate. Therefore, the shape fundamentally needs to be adjusted by performing low rate
polishing in a second stage for a long time. On the other hand, when the polishing rate of the high rate
polishing in a first stage is decreased due to the deterioration of the polishing pad, it takes a long time
to reach a predetermined thickness, but the wafer shape fundamentally becomes good. The wafer
shape can be fini§hed for a %hort time Ly thellow r]afe g?l.ishini m aersgcond s[la e. However, in the

case of switchi\r’l\ﬁtﬁé sﬁj?rr)'/ onqy BN RRMaSR of the tgrge't(t)ﬁllc ness oretﬁgrbeo is ingystock removal as

described abow, ey desnipratedahaplel in-thefirsirseahd eamiot be completely repaired by the second
stage in some cases, theg dirstand secand polishing,mayPe parfermes far aneexggssively long time,

and thus further Improvement is required. [0037] In view of this, for example as shown in FIG. 2, a
ratio of the target IcRH&S & fh8Yinidhin FRANE tdRsct thidRAe &PY 634 first polishing slurry can be
automatically changed ecearding te therdgtetiosationrofuhe polisiking padgttis to be noted that the
target thicknes%a is the same s¥ at in F*?'e%‘t i on This de rior?tljon of the#olishin_g pad is

determined by 'esggﬁsﬂir?gn rate calculated from the thickness data obtained yrtHénmeasurement of

the thickness dariagtth@poishing. inndddifien ene ecltiohsitiptbetwéer thegolisrang sate and a total
polishing time is agrumillated Ay ging $he,aamedype & Bobshing pagdn &dyange, and a

correspondence table of an average polishing rate and the total polishing time, and switching
conditions of tHe® pBIEAIAY shffry AAThE &f hi§ArARNarkd IRNESIBRHg SLBY Raving a low rate can be
preliminarily mage. 0888} h- svie phis caseethenpolishity ofiheevafef rsifirsti staatee; and the polishing

(rjal:tﬁnzn?h(tahgcfl(i)s inpg_ﬂseh‘@,% MG TOPIRrahtny URG by PRz iNelnigkngsg of the water
is carried out.
[ 0031]

In the present invention, the timng of the
switching of the polishing slurry can be detern ned
on the basis of at |east one of the elapsed time from
the start of the polishing, the polishing rate, the
polishing stock renoval, and the lifetime of a
pol i shi ng pad.

The polishing conditions, such as the polishing
rate of the wafer, vary due to the deterioration of
the polishing jig material such as the polishing pad
and the carrier.

However, in the present invention, the
polishing is performed while accurately neasuring the
t hi ckness of the wafer through the plurality of
openi ngs one by one. Therefore, an appropriate
response can be made according to circunstances
agai nst small changes in the polishing conditions of
the wafer by using the lifetine of the polishing pad,
the elapsed tine fromthe start of the polishing, the
polishing rate, the polishing stock renoval for
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Then, the target thickness 7 can be automatically changed appropriately with reference to the known

correspondence table and condition table. [0039] For example, since the polishing rate is high in
an early stage of the lifetime when the polishing pad is started to use, it is polished at a higher rate by
using the polishing slurry having a high polishing rate. The target thickness 7 is accordingly set to be

as thin as possible, and for example, it is set at 71. When it is stabilized after a certain time passes,

the polishing stock removal by the polishing slugry having a high polishing rate is Increased, and it is
set at 72, for e>§)aemSlre'."\/\rljl'ﬁenr'(rf':hga’h fffe ir'nrenirs%%Ioos]re tt()nlﬁe%%'r\l"dt L?'e' F'ogpr%r)}lceqég1 Bf the deterioration of the
polishing pad apal thehpofighisiguatey starfeie ddurreasefthé hargeothiskegbswaf ete polishing slurry

having a high polishipg r@f,peifseqﬁ;, @(55?9‘%(?& 73 sp ag;te mqqpasﬁe H}eee(plgﬁl"mg stock removal for
the polishing slurry having a high polishing rate. [0040] . The above-described wafer polishing

method enable@?fe RRBAYE PN IRRIMFESTdifRGHd BNE hBlisifiAg afé b the same polishing

slurry to be flekipfyr ma@aged| heaclrngesiwhishtaie sausae byHhe ideégrsoration leé the polishing pad.
The change in \[/:)ngceerssin ting Orf t%edwlafer ca ebe trtlearreforf stuHP‘r:efﬁnsggsand throughput can be
consequently Improved“f n the eaﬁy s{agye Ofthe lifetimie Of the polishing pad, the polishing stock
removal under pQ8b#elition of a high polishing rate is made as small as possible, and the deterioration

of the flatness by the higf} eaj¢ dolishing|candye Biesely prgvented.ilangend stgge of the lifetime of

the polishing pad, the polishing stock removal under a condition of the decrease in the polishing rate in
comparison withtRe'e2rBdiQGe BPERAIREIMENS tHEBRishiHE haPllfhe #tGehf&d by the relation of
a tradeoff. Thempmliahingriins@ eadené conhditicovasra lowr polishingratacahdeciesiuged, and it can be

e e AR ITEREG I YA o EUpe ety e fness and e
measured data of the thickness of the wafer.

As descri bed above, when at |east one of the
polishing | oad, the rotation speed of the upper turn
table, and the rotation speed of the lower turn table
is changed during polishing, in addition to the
switching with the slurry having a different
polishing rate during the polishing, the polishing
rate and the |ike can be mnutely and freely changed
during the polishing. An appropriate response can be
t heref ore made agai nst the changes in the polishing
conditions during the polishing of the wafer. The
waf er having a very high flatness on the surface
after polishing can be consequently obtai ned.

[ 0033]

In the present invention, the wafer can be
polished in a batch-w se manner

The wafer polishing method according to the
present invention enables a flat wafer to be
manuf actured at high productivity. The productivity
can be nore inproved by polishing in a batch-w se

manner .
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[Examples] [004]] Hereinafter, the present invention will be explained in more detail based on
Examples and Comparative Examples, but the present invention is not restricted thereto. (Example 1)
A wafer was polished according to the wafer polishing method as shown in FIG. 2. As the wafer to be
polished, there were prepared 720 silicon single wafers having a diameter of 300 mm and p -type
obtained by slicing, with a wire saw, an ingot grown by the CZ method. This p-- type wafer means a
p-type wafer hﬁ(\]/d?)% 3] high resistivity. The wafers were subjected to chamfering, rapping, and etching
in a normal condition. With the double-side polishing apparatus as shown in FIG. 5, 240 wafers of
the prepared silicon sirifle vafefewers dowible diden polighddia 4 baichgwisk rhlener (15 wafers in one

batch). As the Resting RRd JHECRLOAGI NI Raas Mas Yoosh Asribernlisbing slyify before the

switching, Fujimi FGL11022 (for the high rate polishing) was used, and as the polishing slurry after the
switching, Fujirhi E&L2T80 @or the IR tAtaTHdREni@s wis! s 165 R Bk HRAled fhat an attempt to
keep the thickngssas bf all pplishddwarars coostané Wwisawadgs[008d] t he

present invention is not of course restricted thereto.

As nmentioned above, the timng of the sw tching
can be al so changed on the basis of the el apsed tine
fromthe start of the polishing, the polishing rate,
t he polishing stock renoval, and can be of course
changed by conbi ning these.

[ 0035]

FIG 1 will be first explained. FIG 1 is a
vi ew showi ng an exanpl e of the relationship between
the elapsed tine fromthe start of polishing the
waf er and the thickness of the wafer in case of
determ ning the timng of the switching on the basis
of a target thickness, in the wafer polishing nethod
according to the present invention

As descri bed above, since the polishing is
performed while neasuring the thickness at any tine,
the slurry can be surely changed at a predetern ned
target thickness, and the wafer having the thickness
with no variation can be finally obtained.

[ 0036]

In this case, when high rate polishing in a
first stage is perforned at a high rate, it reaches
predet erm ned polishing stock rempval (a target
t hi ckness y) for a short tinme, but since the polish
is perfornmed at a high rate, the shape of the wafer
is apt to deteriorate. Therefore, the shape
fundanmental |y needs to be adjusted by perform ng | ow
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In this case, the thicknesses of the wafers were measured through the plurality of openings during the
polishing to calculate the polishing rate of the wafer at any time, and the relationship between an
average rate and the total polishing time every number of the polishing was saved, and past values
were referred and compared to switch the polishing slurry when the thickness of the wafer became a
predetermined thickness. [0043] When the lifetime of the polishing pad was T, the timing of the

switching of the polishing agent was classified as an early stage of the polishing pad; T/5, a middle
stage: 2T/5to ﬂsg?aﬁ O(—E-?n'dg sﬁé&g: A-P/55{03§|98_”Fh§ tp)%ﬁéiéé)gwaas é)eor cgrrﬁe' hilegajpratio of the
polishing stocktremovahfsr thapdlishing slurhebgioré she switcliihg avld thbepdiishing slurry after the

switching was ¢hang Q 8t} Bei2n7§6 15 bt apd, d4:% acepedingdedhe glassifigation of the lifetime
of the polishing pad.é%?M] According to this method, 240 wafers were polished with the identical

apparatus, and the fAeh&dd OF drPeY Rk Jdiene@sUFaEEIWRR Gvaldatt@'HFAPS (a capacitance

flatness-measurimggapparatusonada o AL cedk {@046]{EompdratveExanple 1) he In FIG. 6, 240
wafers of 720 %P%rred \Ngfeés pere %%Ieisft]eq in thg same Scondi(t)iﬁn asl_ﬁéarv%g e except that the
polishing time was made €onstant Without the s%vitcﬁmg the ;%?is ing slurry durihg polishing and an
occurrence of ddfRinhcyadt the polishiabed thebver-pbsHing wae Mt dvofidd\eind the same

evaluation was,Gageh8Uf-shing in a second stage. However, in the
case of switching the slurry only on the basis of the
target thickness or the polishing stock renoval as
descri bed above, the deteriorated shape in the first
stage cannot be conpletely repaired by the second
stage in sone cases, the first and second poli shing
may be perforned for an excessively long tine, and
thus further inprovenent is required.
[ 0037]

In view of this, for exanple as shown in FIG 2,

a ratio of the target thickness o for the finishing
to the target thickness y for a first polishing
slurry can be automatically changed according to the
deterioration of the polishing pad. It is to be
noted that the target thickness o is the same as that
in FIG 1.

This deterioration of the polishing pad is
determ ned by the polishing rate calculated fromthe
t hi ckness data obtai ned by the neasurenent of the
t hi ckness during the polishing. In addition, the
rel ati onship between the polishing rate and a total
polishing tinme is accunul ated by using the same type
of polishing pad in advance, and a correspondence
tabl e of an average polishing rate and the total
polishing time, and switching conditions of the
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[0046] (Comparative Example 2) As shown in FIG. 7, the other 240 wafers were polished in the
same condition as Example except that the polishing was performed while measuring the thickness of
the wafer to achieve a constant target thickness a for the wafer after the polishing and that the
polishing slurry was not changed during the polishing, and the same evaluation was carried out. [0047]
As a result, as shown in FIG. 3(a), it was revealed that the variation of each of the wafers was small
and the polishin%P/\{angerfor ed with hﬁig(/)r} ﬁficisi n in the waferlg)é)li:%hing m?thoﬁ.of Example. On the

other hand, as oA Ih HG® Hbr)r ga(r:] 80|ISIh% v(/a?fte?s A& theh\e/aﬁgtldnsof {2 flatness due to

the lifetime of thé polighing\patidarad therehatie salishirey waslnotistebly bgrforded in the wafer
polishing methed gggomparative Example 2. The variation in the wafer polishing method of
Comparative Example 1, although this is not shown, was larger than that of Comparative Example 2.

[0048] As shown INFIA faf 25&urfdesPd hinedn&er PBRsME By théwafer polishing

method of Examipieswas tusifos, in anplanéecanbthesdlteg peapleerah gag Mes ienzoved. On the
other hand, as sgpwnﬂn FIG, 4(b), it was rer\{fe?lled that a surfac?isrrrlgpg of the wafer polished by the

wafer polishingpme{hodJ 0 (t)rlnparzftlrve Ig)?amp erfﬂag difhBution'in a\ﬁlaql%?sé%li Was not uniformly
polished. t he thickness of the wafer during the polishing.

Then, the target thickness y can be automatically

changed appropriately with reference to the known

correspondence table and condition table.

[ 0039]

For exanmpl e, since the polishing rate is high
in an early stage of the lifetinme when the polishing
pad is started to use, it is polished at a higher
rate by using the polishing slurry having a high
polishing rate. The target thickness y is
accordingly set to be as thin as possible, and for
exanple, it is set at y;. Wien it is stabilized after
a certain tinme passes, the polishing stock rempval by
the polishing slurry having a high polishing rate is
increased, and it is set at y, for exanple. \Wen the
lifetime is close to the end due to process of the
deterioration of the polishing pad and the polishing
rate starts to decrease, the target thickness for the
polishing slurry having a high polishing rate is set,
for exanple, at y3; so as to increase the polishing
stock removal for the polishing slurry having a high
polishing rate.

[ 0040]

The above-descri bed wafer polishing nethod
enabl es the changes in the polishing conditions at a
polishing area by the same polishing slurry to be
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[0049] Here, in Table ], there is shown a ratio of manufacturing capability to the lifetime of the
polishing pad in Example and Comparative Examples when the lifetime of the polishing pad in the
wafer polishing method of Comparative Example 2 is 100. [0050] (Table 1) MANUFACTURING
CAPABILITY (%) LIFETIME OF POLISHING PAD EARLY STAGE MIDDLE STAGE END STAGE
COMPARXMVEEXAMPLE1

fl exi bly managed, the changes which are caused by the
deterioration of the polishing pad. The change in
processing time of the wafer can be therefore
suppressed, and throughput can be consequently
improved. In the early stage of the lifetine of the
pol i shi ng pad, the polishing stock renoval under a
condition of a high polishing rate is nade as smal |l
as possible, and the deterioration of the flatness by
the high rate polishing can be thereby prevented. 1In
an end stage of the lifetine of the polishing pad,
the polishing stock renmoval under a condition of the
decrease in the polishing rate in conparison with the
early stage of the lifetime of the polishing pad can
be increased by the relation of a tradeoff. The
polishing time under a condition of a | ow polishing
rate can be reduced, and it can be consequently
suppressed that a total polishing time beconmes |ong.
Furthernore, the flatness and the snpot hness of the
waf er can be made hi gh, and such a wafer can be

st abl y obtai ned.

[ Exanpl es]

[ 0041]

Herei nafter, the present invention will be
explained in nore detail based on Exanpl es and
Conpar ati ve Exanpl es, but the present invention is
not restricted thereto.

(Exanpl e 1)

A waf er was polished according to the wafer
polishing method as shown in FIG 2.

As the wafer to be polished, there were
prepared 720 silicon single wafers having a dianmeter
of 300 mm and p-type obtained by slicing, with a
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93 97 89 COMPARNMVEEXAMPLEZ2 95 100 84 EXAMPLE1 103 101 100

wire saw, an ingot grown by the CZ method. This p™-
type wafer neans a p-type wafer having a high
resistivity. The wafers were subjected to chanfering,
rappi ng, and etching in a nornmal condition

Wth the doubl e-side polishing apparatus as
shown in FIG 5, 240 wafers of the prepared silicon
singl e wafers were doubl e-side polished in a batch-
wi se manner (15 wafers in one batch). As the
pol i shing pad, MH S15A of Nitta haas was used. As
the polishing slurry before the switching, Fujim
FGL11022 (for the high rate polishing) was used, and
as the polishing slurry after the switching, Fujim
FGL2100 (for the |l ow rate polishing) was used. It is
to be noted that an attenpt to keep the thicknesses
of all polished wafers constant was made.

[ 0042]

In this case, the thicknesses of the wafers
wer e neasured through the plurality of openings
during the polishing to calculate the polishing rate
of the wafer at any tinme, and the relationship
bet ween an average rate and the total polishing tine
every nunber of the polishing was saved, and past
val ues were referred and conpared to switch the
polishing slurry when the thickness of the wafer
becane a predeterm ned thickness.

[ 0043]

When the lifetime of the polishing pad was T,
the timng of the switching of the polishing agent
was cl assified as an early stage of the polishing
pad: T/5, a mddle stage: 2T/5 to 4T/5, an end stage:
4T/5 to 5T/5.

The polishing was perforned while a ratio of
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[0051] As shown in Table 1, the wafer polishing method of Example has higher manufacturing
capability regardless of the lifetime of the polishing pad in comparison with the case of the middle
stage of the lifetime of the polishing pad of Comparative Example 2, and the productivity is increased
by 10% in comparison with Comparative Example 2. On the other hand, it is revealed that both of
the manufacturing capability of Comparative Example 1 and 2 are influenced by the lifetime of the
polishing pad atnlq are (jnst%ble. [OOtSZ%k It is tol b? notet that ti]e prrtlasent inlvention is not restricted
to the foregoing emptdimant. The’em odirrﬁse%qvlgjust %h exe?mﬂl |c'at?ior'1,n§nd$aH§ EXamples that have
substantially theefaoie fédreresand dbhemsaate theesarak ifsidtiopssend effecté tagrthose in the

technical concepfdesgribgd, iirhﬁla\i,(,gg of %B@eggiwgnpgn g&e dncpuded ingthe.technical scope of
the present invention. [Brief Explanation of the Drawings] rEO_053J{[FI'G. 1JFI’G. 1 is a view showing an
example of a r@8florshig bBEFOEH BALIA s dd mE ivms thd S8l Sfpdtishifthe wafer and the

thickness of the¢ Wadéeri me of the polishing pad.
[ 0044]

According to this nmethod, 240 wafers were
polished with the identical apparatus, and the
fl atness of each of the polished surfaces was
eval uated by AFS (a capacitance fl atness-neasuring
appar at us made of ADE co.,).

[ 0045]
(Conpar ati ve Exanpl e 1)

In FIG 6, 240 wafers of 720 prepared wafers
were polished in the sanme condition as Exanpl e except
that the polishing tine was made constant wi thout the
switching the polishing slurry during polishing and
an occurrence of deficiency of the polishing or the
over - polishing was not avoided, and the same
eval uation was carried out.

[ 0046]
(Conpar ati ve Exanpl e 2)

As shown in FIG 7, the other 240 wafers were
polished in the sane condition as Exanpl e except that
t he polishing was performed while nmeasuring the
t hi ckness of the wafer to achieve a constant target
t hi ckness o for the wafer after the polishing and
that the polishing slurry was not changed during the
polishing, and the sanme eval uation was carried out.
[0047]

As a result, as shown in FIG 3(a), it was
reveal ed that the variation of each of the wafers was
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in case of switching on the basis of a target thickness, in the wafer polishing method according to the
present invention. [FIG. 2]FIG. 2 is a view showing an another example of a relationship between an
elapsed time from the start of polishing the wafer and the thickness of the wafer, in the wafer polishing
method according to the present invention. [FIG. 3]FIG. 3 is a view of comparing the flatness of the
wafers polished by the wafer polishing method of Example of the present invention and Comparative
Example 2. [FIG. 4]FIG. 4 js a view showing by a contour line a surface shape of the wafer in Example
" : ] orf4 @ i SO, E ' G\.’\'Btisﬁs%r'\e%ﬁatic view showing an P

of the present inVentiorf'and o?mg)é)rative x%m\'\pfﬁé 2P e[‘: é!
example of thepdcebilessidle pdlishirgy s@deratuzoivhighiis aseetimat whfdogolighidlg method of the

present inventigp. [H@- BIFiEr 6H§ﬁd{ie\g{§h§m anpgxgmyle @( g)rglaéigeﬁhigqutwgen an elapsed
time from the start o

pol i shed wafers had the variation of the flatness due

to the lifetine of the polishing pad and thereby the

pol i shing was not stably perfornmed in the wafer

pol i shing nmet hod of Conparative Exanple 2. The

variation in the wafer polishing nmethod of

Conparative Exanple 1, although this is not shown,

was | arger than that of Conparative Exanple 2.

[ 0048]

As shown in FIG 4(a), a surface shape of the
waf er polished by the wafer polishing nmethod of
Exanpl e was uniformin a plane, and the outer
peri pheral sag was renpved.

On the other hand, as shown in FIG 4(b), it
was reveal ed that a surface shape of the wafer
pol i shed by the wafer polishing method of Conparative
Exanple 2 had distribution in a plane, and it was not
uni formy polished.

[ 0049]

Here, in Table 1, there is shown a ratio of
manuf acturing capability to the lifetime of the
polishing pad in Exanpl e and Conparative Exanpl es
when the lifetime of the polishing pad in the wafer
pol i shi ng nmet hod of Conparative Exanple 2 is 100.

[ 0050]
(Table 1)
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of polishing the wafer and the thickness of the wafer, in a conventional wafer polishing method. [FIG.
7]FIG. 7 is a view showing an another example of a relationship between an elapsed time from the
start of polishing the wafer and the thickness of the wafer, in a conventional wafer polishing method.
[Explanations of Letters and Numerals] [0054] 10 ... double-side polishing apparatus 11 ... upper turn
table 12 ... lower turn table 13 ... carrier 14 ... window

MANUFACTURING LIFETIME OF POLISHING PAD
CAPABILITY (%) EARLY STAGE |MIDDLE STAGE] END STAGE
COMPARATIVE EXAMPLE 1 93 97 39
COMPARATIVE EXAMPLE 2 95 100 84
EXAMPLE 1 103 101 100

[ 0051]

As shown in Table 1, the wafer polishing nmethod
of Exanpl e has higher manufacturing capability
regardl ess of the lifetime of the polishing pad in
conparison with the case of the mddl e stage of the
l[ifetime of the polishing pad of Conparative Exanple
2, and the productivity is increased by 10%in
conpari son with Conparative Exanple 2.

On the other hand, it is reveal ed that both of
t he manufacturing capability of Conparative Exanple 1
and 2 are influenced by the lifetime of the polishing
pad and are unstabl e.

[ 0052]

It is to be noted that the present invention is
not restricted to the foregoi ng enbodi mnent. The
enbodi nent is just an exenplification, and any
exanmpl es that have substantially the same feature and
demonstrate the sanme functions and effects as those
in the technical concept described in clains of the
present invention are included in the technical scope
of the present invention.

[Brief Explanation of the Draw ngs]

[ 0053]

[FIG 1] FIG 1 is a view show ng an exanple of a
relationship between an el apsed time fromthe start
of polishing the wafer and the thickness of the wafer
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15 ... polishing-slurry-supply mechanism 16 ... wafer-thickness-measuring mechanism 16a ... optical
unit 16b ... photo detector 16c ... laser source unit 16d ... calculation/control unit 17 ... polishing control
unit W ... wafer (57) [CLAIMS] [Claim 1]

in case of switching on the basis of a target

t hi ckness, in the wafer polishing nethod according to
the present invention.

[FIG 2] FIG 2 is a view showi ng an anot her
exanpl e of a relationship between an el apsed tine
fromthe start of polishing the wafer and the

t hi ckness of the wafer, in the wafer polishing nmethod
according to the present invention

[FIG 3] FIG 3 is a view of conparing the
flatness of the wafers polished by the wafer
pol i shi ng met hod of Exanple of the present invention
and Conparative Exanple 2.

[FIG 4] FIG 4 is a view showi ng by a contour

line a surface shape of the wafer in Exanple of the
present invention and Conparative Exanple 2.

[FIG 5] FIG 5 is schematic view showi ng an
exanmpl e of the doubl e-side polishing apparatus which
is used in the wafer polishing nmethod of the present

i nventi on.

[FIG 6] FIG 6 is a view showi ng an exanple of a
relationship between an el apsed time fromthe start
of polishing the wafer and the thickness of the wafer,
in a conventional wafer polishing method.

[FIG 7] FIG 7 is a view show ng an anot her
exanpl e of a relationship between an el apsed tine
fromthe start of polishing the wafer and the

t hi ckness of the wafer, in a conventional wafer
pol i shi ng met hod.

[ Expl anations of Letters and Nuneral s]

[ 0054]

10 ... doubl e-si de polishing apparatus
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A wafer polishing method including simultaneously polishing both surfaces of a wafer by pressing and
rubbing the wafer, while holding the wafer with: a lower turn table having a flat polishing-upper-surface
rotationally driven; an upper turn table having a flat polishing-lower-surface rotationally driven, the
upper turn table being arranged with facing to the lower turn table; and a carrier having a wafer-holding
hole for holding the wafer, wherein the polishing is performed while measuring a thickness of the
wafer with an optical reflection interferometry by a wavelength-variable-infrared laser through a
plurality of opegipgs p b‘?ﬁd betweengtation center and an edge of the upper turn table,

switching a polishing slurry with a polishing slurry having a different polishing rate during the polishing
of the wafer, and timing of the switching of the polishing slurry is determined on the basis of a
lifetime of a palighing padelClaim &] t abTle wafer polishing method according to claim 1, wherein the
wafer is polished in a batch-wise manner. [Claim 3] The wafer polishing method according to
claim 1 or claim 2, wherein at least one of a polishing load, a rotation speed of the upper turn table,
and a rotation peed ofatheilewer turn table is changed during the polishing of the wafer on the basis
of measured data of the thickness of the wafer.

14 ... wi ndow

15 ... polishing-slurry-supply mechani sm
16 ... wafer-thickness-neasuring nmechani sm
16a ... optical unit

16b ... photo detector

16¢c ... | aser source unit

16d ... cal cul ation/control unit

17 ... polishing control wunit

W ... waf er
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(57) [ CLAI V5]
[ Claim1]

A wafer polishing nmethod including
si mul t aneously polishing both surfaces of a wafer by
pressi ng and rubbing the wafer, while holding the
wafer with: a | ower turn table having a flat
pol i shi ng-upper-surface rotationally driven; an upper
turn table having a flat polishing-Iower-surface
rotationally driven, the upper turn table being
arranged with facing to the |lower turn table; and a
carrier having a wafer-holding hole for holding the
waf er, wherein

the polishing is performed while nmeasuring a
t hi ckness of the wafer with an optical reflection
interferonetry by a wavel engt h-vari abl e-infrared
| aser through a plurality of openings provided
between a rotation center and an edge of the upper
turn table,

switching a polishing slurry with a polishing
slurry having a different polishing rate during the
polishing of the wafer, and

timng of the switching of the polishing slurry

is determ ned on the basis of a lifetine of a

pol i shing pad.
[ Claim 2]
The wafer polishing method according to claim1,

wherein the wafer is polished in a batch-w se manner.
[Clai m 3]

The wafer polishing nethod according to claim1l
or claim?2, wherein at |east one of a polishing | oad,
a rotation speed of the upper turn table, and a
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rotation speed of the lower turn table is changed
during the polishing of the wafer on the basis of
measur ed data of the thickness of the wafer.
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