FI NAL POLI SHI NG METHOD FOR SI LI CON SI NGLE CRYSTAL

WAFER AND SI LI CON SI NGLE CRYSTAL WAFER [ Techni cal

Fi el d] [0001] The present invention relates to

a nmethod for final polishing as a final step anobng a

plurality of polishing steps for polishing a silicon

single crystal wafer and to a silicon single crystal
FIAIer POhASHINGpMETHON] FQBaS kYL CONd SANGLE (IKIXTAT) WAFER

conventi ongl,..t € y turing a
silicon si 23‘1‘% %@g{:gﬁ ﬁﬁgﬁ%{w&% a
sem conduct or substrate material utilized in, e.g.,
various_sem conduct or devices generally includes a
[Terhgleaér ydedidlgr owi ng process for manufacturing a
[O@bﬂ | e-crystal ingot by, e.g., a Czochral ski (C2)
net hod or a floating zone (FZ) nethod and a wafer
manuflaet wiegepr ocegshindgpnpr aedss or 1 i @ nepetdiiced  for
. single-crystal ingot and mrrar-processing at_ | east
CiRh R 1 DU FACE® ACdEVI RE! | & Tbr PERTEH Bn HHE ¢ bbby O
po BENf agt Wiedhdn Feer -iol i shedgwaf e5:11(0883lsingle crystal
Gving a further detailed explanation on the wafer .
waghufatd utionga( ppbééssingyipedeeseryshps pratess Hasta is
i.cing step for slicing a single-crystal ingot to
po%ié@#ﬁ'thin di scoid wafers, a chanfering step for
[ Badlagt enndglan Jout er peri pheral portion of each wafer
Oé& ﬁvoid cracks or chips of each wafer obtained at the
[ G ing step, a lapping step for flattening this
vaf e, ap etehhPgnstepafior f@%ﬁb@%gﬁ,mcgamnﬁ‘@ﬂhod for
damage remai ning in the chanfered and | apped wafer, a
margpfachpAgngstep Soki¢omi shimgla wafestalr fukkens that is
usdq rLar aSLgé C@Onguglcg?ms%sséfzpt%prrna%le?:%%{lngu’é{lfized in,
pol T shed water to renove a polishing agent or a
e.d or evgnioasbt eentikainhast adhaeed celi yamed 1] 1 @ntincludes a
. others. The_main steps of the wafer processing process
SINGI Yeb¥FiBéd HRERANdPEPEFSSuchOls FaFaceiring a
sirffiddingsshep oA haat &reat mani fep-Jmyipe addedetdod
certain step may be carried out on a plurality o
or g agksat bngt Aener ddrz Jofme heodt eps wayadfee chaagefacturing
00041 . n rticuyl ar,, .t he poli,shing_step.is
(p(ﬂ%%seﬁn?%topggﬁFg%argg%blFSHQﬁf teﬁp%%ats%égg%IF5§Stal
ingaughngoln isht swg-andcasking ol ilshistg shep ntdial bksrface.
cal | ed precise polishing. Mreover, in sone cases, .the
A QﬁY%ﬁﬁylﬁoﬁQQﬁ%ﬁF%?%poPsqﬂﬁtF%FSdWﬁQﬂQPQWH%??mBléFor‘
polM¥iR$tePserand these steps are called, e.g., primary
and secondary polishing steps. At each polishing step,
[00f9 Xdonposition of a polishing slurry, a polishing

pressur.e, and.others are changed t rovi de condition
sui tabl'e' or %%EﬂﬁgFe&éa engaRa% C?hé”bd??%hWﬁ er
manstfeft doin@xam e o Pod ) sShimtg-ad, atthachedrbeed® has a
.upper side of a rotatable turn table and an etched
sLiginG o &gl EO€r y3t aF 1@l e o itel ¢ TkEY Shippor £ BEO6N to
otd waf e, sUppak Late ol i ghi Q%Q b ht
© tiﬁto g%ntactg&%f%lgacﬁgg?ﬁgf'fo? p%%ﬁs |nd§g§ ué?% agor
chaagdpoprd ate puessureerfphéehad tdam;i@am afka&aate wafer to
sol ution (which is,called a | i shi sluyrry or_a
avO8 1 SRR SagBht ) CEbRTai 71 g 4 CoMicdal A igiEq g 2t the
sliesed; Wiegp sueh 1adoinghbrgpagait Fsaaddad nl0 @ confagtr,
surface of the polishing pad and the silicon single
an crysiingaf 6Eept hef ol | SRRY iSIUrry amectieisial cofamage
renBifdily CySLAL WALRLGAUSS, By MPEPRRACHSTELE £ 88 sning

advanci ng poli g.



[ 0006] Meanwhi l e, with advancenent of

mniaturization of a device rule, a size of a defect

that can be a problemin device fabrication has been

reduced. Further, small protrusive defects that are

not acknow edged as a problemin the conventiona

technol ogy have attracted attention. Furthernore, such
stalef eets fand shint defvedtex thatface har d ynietect edrtfipce,

a conventional detector, but such mcro.defects c be

<%£SM to

a (ﬂ%ﬁﬁ%&ﬁgbysﬁ%Png??E.g?}eﬁn&BHfoEQF opfildal er
reﬂ@ﬁ@ramﬁ%P§§Hﬁﬁgméﬁ%§§e%ﬂrbp%%%@iépcﬂﬁﬁméﬂuﬁﬁat has

mcro detects, a“single protrusion, a plurality of
adlprotedushoms, wafeéneamnst cvtlasren, e crainpoidrghet the

oi nt _Defect.) and _others are confirt . ,0007]
WaW?@rBrgngﬁ%ﬁgrﬁﬁ?cgﬁgh%ﬁﬁnéé%% %gggt%%éEQGeand steps

sudit49duced rdta dhey pohd shingtepepr Enenelef eckeatment step
i ntroduced at the polishing step are generically
may eber ratled, ad PFRETEPH | $hPRg Matub8d Tefeted) out on a

re, pl ai pne b e Lon Of e
oL b B PR Be nat botoms o h onem 1 h (R DT ey be
chayogweént i onal technol ogy have been needed to be
[O¢§ vent ed. [0008] To suppress generation of the

. for exanple, Patent Docunment 2 suggests using a

predst epgt-nedupald, shing slurighitoyeyeep awendifiquah imto

nmet hod 1 s adopted, suppression of the Pins is
a pﬁgmarydggﬁisqbgmgftep thaQP%feﬁ@}éﬁg”ﬁﬁﬁgﬁ]polishing
R e P L MU
polunexamiyned PatcerdoReb) i cani orsdikekaicpshe., 200Be45pF2mary
poffgﬁfégnggpoﬁst@iJ{WEQtEQQQded into two or more steps,
and these steps are called, e.g., primary and secondary
polishing steps. At each polishing step, a composition
of a polishing slurry, a polishing pressure, and others
are changed to provide conditions suitable for each step.
[0005]

At the polishing step, for example, a polishing
pad attached to an upper side of a rotatable turn table
and an etched silicon single crystal wafer or the like
supported on a wafer support plate of a polishing head
are brought into contact with each other for polishing
by using an appropriate pressure. At this time, an
alkaline solution (which is called a polishing slurry or
a polishing agent) containing a colloidal silica is used.
When such a polishing agent 1is added to a contact
surface of the polishing pad and the silicon single
crystal wafer, the polishing slurry and the silicon

single crystal wafer cause a mechanochemical effect,

thereby advancing polishing.



[Problemto be solved by the Invention] [0010]

In view of the above-explained problem it is a main

obj ect of the present invention to provide a fina

pol i shing nmet hod that can obtain a silicon single

crystal wafer having less PIDs. [Means for solving

Probl en] [0011] To achi eve this object, the
[OG@rekent invention provides a final polishing nmethod

for silicon single crystal wafer, _wherein a . .

pol P T 5P e 18 Wbt SEES TGS ih o br TBAl W Lo FoF 8PmOE
a dépatepehilzhi ng aiza bitnal poféshi agast eprmH@ &i pabblem
~step_ anon a.pluralit% of polishing steps for
in p‘é@VéﬁiengfgatbhFelC‘sQWJr%@n sisnqrecer YseaCofaf erf W then, small

L shing rr ei L nt 0S betwggﬂz LLjiC

pr%%?ngryétgglec%agfjer&gan% agr%gl i gﬁ)itng apa . ‘f%%i%h 4 a
prddleatuchra theal cpoleshiingatet hedhiharl cayysi hieoen skngleted

crystal wafer that sets the polishing rate to 10
A Aor BEFGW A TPRT £ oFIF] e ot F sAffg ot Redefects

thdtd Ndte PRELENVNG LR 4§ M5, coaRmticOfaEtBstor, but
during the final polishing step can be suppressed.

sudVbr Bova, WREACLBe pani Ik ngbrstedd bt ¥iadiow-J-, 2
rat . €. m_j (e} [ [ NG 4. '
Conpf;‘oe %lr abq(%)eﬂ.l fspa Syegs]cﬁ% : qgi sse:lyf [ %:ng r&so %ﬁ}gﬂtﬂe$cg ygstéz}})aseed n
rPatiafter bDavungrtess1iPl Ds can beiprevi dédtef0813] a  single

In thjs case, it_is Rneferable to adjust the poIisELn
PrYFtES 17 t he ¥ i nBFUpEHLSH ngPby a‘b'ﬁ%‘%‘i‘?ﬁgo’asrel givelnear
protehpei by, of the.siligen giingle ssystabewafan tondeothers

pol 1 shed and t he polishing pad. When t he
arepotdshi ngedate in final polishing is adjusted by
[0 usting the relative velocity of the silicon single
cry%tal waf er to be polished and the polishing pad in

t hi ehermesret hel pol inshing stiathe maorbe @dfested diyat here
. sinple adjustnment nethod, and a sufficient effect can
in Ainedt [0604 PolishagditishgPry, it 1§ detects
int &l gEah! e ko sehea RALI Shh PSSt adegemaval i gehB@ically

final polishing to 5 nmor above. When such a
refgoiishihg 8s0EkDserd\calidminhelifnakdpdleifstitny i s set

to nm.or_above, haze on .a silicop _single crystal

mafgpigﬂ'%ﬁ%f%hnaﬁeeX:g@%ﬂ%%r%égyefeg%ﬁs.géaég of the
micro PIDs that do not Dbecome a problem in the

conventional technology have been needed to be prevented.
[0008]

To suppress generation of the PID, for example,
Patent Document 2 suggests using a predetermined
polishing slurry. However, even 1if such a method 1is
adopted, suppression of the PIDs is insufficient.

[0009]

[Patent Document 1] Japanese Unexamined Patent
Publication (Kokai) No. 2004-193529

[Patent Document 2] Japanese Unexamined Patent
Publication (Kokai) No. 2005-45102

[Disclosure of the Invention]



[ 0015] Further, it is preferable to set a
polishing rate at |east at the end of the fina
polishing step to 10 nnim n or bel ow When t he
polishing rate at |least at the end of the fina
polishing step is set to 10 nmimn or below, a PID
reducing effect is sufficient. Furthernore, when the
[Ppodiahi hg bat ecilyefd st see Toverteed]10 nmnin at the
[Oig?F polishing step and then the polishing rate is
to 10 nmmn or below, final polishing can be
per fior nedew thOUk HeONsbdekakip IrLi0UEd NG rPHAdICE | Yict Yis a
[0016] Moreover, the present invention provides
maiq sphiesh sifndike cPysEan tnafisrestbpect 8d @ igml @ final
.0 ng e fi p sh t haod f I
po%%%%)i&cr?g¥gFgMa;g$§!mh€%%|nb?%gqﬁﬁn%%r %ﬁlgﬁég o%gggle
crywafaelr waféackavinkbededdharindd0 in terns of a wafer
havi ng a di anet er _of %QO mm [ 0017] When t he
[Megni§ copr sPRGVAREr y PR Sk er subj ected to final
[odaoli shing by the final polishing method for a silicon
single crystal wafer is provided, it can be the '
S| | iTeon asiligh ee cr‘gﬂ’stal fectin Whiech YRS fiurberngention
n_a wafer f. han 10 te
prov% eghaw%%}%?d 8ﬁ %ﬁ %%gﬁOh q?her%bfﬂﬂTééﬂglggn%le
critdtm uneameant i Qhahfehlnghaqq:ﬂ:t]li&yhi;mdgl at si ngl esetystal 10
wafer haV|n | ess PIDs, LEffect of the Inventlon

nm/ryggpr Pelow aAlCorkf OB the*d+ nBPgoii'sH ng n&héanal
polfitdh & $i Idicqn sisnghe ﬁfﬂ(é?lal eran{gnc%h% pb@%%%tllty of
I nvention, generation of PIDs uring t final
prolgaitiishg n@tspepf@anp@ellwpm@s‘séa stHds gy Gdnlyhg chestal
Ilico S|ngl taI fer having |
afsrie%%gp n suc ng'swﬁlgox 21ng gﬁ%ggg e?efgeen
thdnﬁilib@ndgythepEQQ@ﬂalzwaﬁﬁwc&ndaa belﬁahmngngxh.
wi th an excellent yield ratio. [Best Mde(s) for

[0l yi ng out the Invention]_[0019] The present
inventioncw 14 now pe %@lfﬂﬂﬁﬁbh%kﬁﬂﬁﬁtQﬁn}na”05§llcon
detail, but the present invention is not restricted

sindier etoystal wa/&serextﬁh@tneatabdvee Bapppbssiongate to 10
enerat i mcro do_n e .a b
qhe c ﬁvgntlﬁuﬁe¥£ 1nal flsgggg at %%8 k?ghl

nology i S°Uend

polh@subﬁ;enst@@veml enald,y gensirderieth t bat PIMDs aneing the
mai nly_introduced in primary polishing and secondary

fingdl iRkl hghaRE SHER: FINaPRosTURRL$RFFdencEGreF oA ~ when
theegm%?/lgﬁgné[ﬁ“ %Qt@ ver ysspaklh Rolishi pgrst ogk & emyahy /min

been reveal ed from an exani nat'i on
or terduct edhby shétpngserst mawenpoedetthdtlef.i ndls a result,

%ﬁ;éShln% %Hﬁ?tgr SQSEaHé¥EPfh§%9%d'Hé%%sgﬁUs can be
provided.

[0013]

In this case, 1t 1is preferable to adjust the
polishing rate in the final polishing by adjusting a
relative velocity of the silicon single crystal wafer to
be polished and the polishing pad.

When the polishing rate in final polishing 1is

adjusted by adjusting the relative velocity of the



[ 0020] A hypot hesis originated by the present

i nventors as one of fundanental principles of

generation of a linear protrusion as a typical PID

will now be explained in relation to a situation

where a polishing process has three steps, i.e.,

pri mary polishing, secondary polishing, and fina
sipbtoshi ngngi eh ceferehcewabeFi gto5.be poligtiedowghd the

he linear defect.is a mcro PID that .i s .hard

polibthiPd PRy o bbbt FOREC oxanihab o Fev  ber Y bt O Do
adissteadi Ipy obsgeved o US| NGd i@ tmerdc CORk@GRAIJ Optagal a

sgsten1laser m croscope to observe a surface of a
sukii¢Eentsehdglestegast dte vlper1PPAg. 7(a)). As
[Ogg@ acteristics, as shown in Figs. 7(b), in

observation of the |linear defect by using an atomc

for ceddd ctosadpe, (ARM ist bedfiredrl et ectsdts a ppbAeahing

rotrudi ng_defect having a height of 5 or below, a
st G HEBPV 80 1F0 T00 TS BrROL FARgEN 31 hplh o8 navere-
0.5 pm.0or sabaves (BA2khing stolkhyRAHHESLS i6f €he final
fundanmental principle of generation of a PID during

polhehpogi st ngest e wol Inmowrbedlexpeai dears PR a silicon
siﬁeigreg§§s£gﬁth%a%%%mn%%%face ca#'gbe5(ﬁ réhoggsﬂredly
siTicon single crystal wafer after term nating prinary
redpotéshi ng and before starting secondary polishing. A
PID is produced even after primary polishing. However,
[08@}=]) PI E) produced due to primary polishing does not
becane. @& of Obl emshecapse-a,paki shi nge st aCko s £ Bhgi Rate
secondary polishing is large. [0022] Fig. 5(b) shows a
at staretdwrt nghsecortlap§ pdie shingl polishingeisgep to 10
nm}ﬁﬂﬁerE rﬁowixed in a polishing slurry separately
7 n1%0I|§ 'ng particles (e.g., a colloidal silica).
As sucdn ferei golashtierns, rftod exampket cont@m nahdonfofthe
, a:PoIishing slurry piping system a/gelled subst ance
fingl ool pBrA4l 5488 & 3FpatPi ¢Pe "YVAEM tPanP&lelyi @a PP
re \{bﬂlgpléﬁw@ §lur sy rraW; ERLer i algpy, & {OF RS 88, MBIH&L the
of a fiber torn fromthe polishing pad, and others can
poloesitongi derced. 1 Thésestorss ignt paterareedir &0 pre'seinit @b &he
. greater.or .l esser extent,. and generall. not_.have_a
fli%ﬁi%ﬂ?ﬁﬁk&ggaﬁ ?Qyén hgﬁg(nééepBPh§%P%%%ﬁg%Fg fs¥set
to poUt harmtie Wi chelbese ffiord grobtheny hewve lwdhpeedorsned
~delayed, resulting in a mcro protrudi ng defect (Fig.
w1qﬂqgg_c?@gggFrably reducing productivity.

[0016]

Moreover, the present invention provides a silicon
single crystal wafer subjected to final polishing by the
final polishing method for a silicon single crystal
wafer, wherein the number of PIDs on a wafer surface is
less than 100 in terms of a wafer having a diameter of
300 mm.

[0017]

When the silicon single crystal wafer subjected to

final polishing by the final polishing method for a

silicon single crystal wafer is provided, it can be the



Fig. 5(d) shows a state during final polishing.

Al t hough the linear protrusion produced in secondary

polishing is partially renoved in final polishing but

it partially remains. Further, the sane nmechani sm as

that in the secondary polishing al so causes generation

of a linear protrusion owng to final polishing during
siiinah pohigdlei mrystal waFerhas bédrciconse devebdetrhatt £IDs

e to Sef ondar olis a PI due to_fina
on GBI MEhERg e Gehor bt 08 0 WHTR endd dhr recdtof S Hater
ha®ihhcon sdngheterysval wvabermaftethemrdbef birddliding the
poli1shing in this manner as shown in Fig. 5(e). [0024]

UnGRREEANbAO8E N HYTBihbsT ¥, StAd GoresEitId AvERY SFS Lhatfd e r
dptthat reducing a polishing rate at the
ha&?ﬁ? g%%g stg% to slowy perform polishing enabl es
[Efé@@ﬂlng ahkeorleivgmtnitt er t hat has adhered to the
0 f%Iace of the silicon single crystal wafer before a
@ rusion is formed. [0025] A pur pose of
per frdd R@i hgnat o pothshi pgnwit hphesReGhdg Onddhticd | ifdn a
single crystal wafer is to flatten the wafer surface
silfeon Rdz@ls ervatadt edrhpd ©of cteanPyrggitshipregtion,
t hi t a IS
se T ane s BoPr o Rfigig obR, FhEL] "boldeiiild derep can
be namagedstadachiewe ghbsiginposee Hm&xmwn shegle crystal

olishin e at the final polishing step is
Walohsiéte I3{%5Eoﬁ?@ﬁhencgoaépgﬁﬁ'ne %ﬁdépc?he s&fticon

SJ.rPg?ié shings€ondifiens, and specidd cal i erArcdMpAGRIENYE, 2
a range is not performed in particular. That is, in
deviwee convehei dadlr itcadia| wiyh anp@M:@Huh@gltstml@l BV AP -
f al | %
B%ékwoggéégz f%%o tf§¥#5§%$u¥ %ﬁomﬁ%§6p0| |ng rate
[0@b®s not have to be managed, and polishing is jUSt
perforned until a degree of haze neets a standard

Fur '€ moP &S SERE po}re%%%@orlat &5l | nBPEasRF asCHPgR ned
hen?éu%’?@épl enf Qlo 1CONYe encepQt RHRAYGId Mt [ DR¢Bhtion is
However, based on the above- expl ai néd know edge found

HOQnKQ$ﬁ¢p¢é§énﬁhﬁﬁvéﬂtors the present inventors have
congej ved nagqj,n and ntral L. a I shie
rat%’even é?g%ﬁggf|%b<%bdllsggﬁérg Slp%% #é%é?Q{QQn of

micStppresssngwaikhb, cﬂspe@¢allyeaohenear bl Ushonihhatthe
is generated at the final polishing step, and a total

CongiRftnt Oof L PFBShBrdREde d a1 Re ERtl re pol i shing step

can he Ea%reg¥e§un@6§§§EQ1o%%H§3brb%%éﬂhéﬂgﬁp&@§ﬁﬁtPIDs

i nvention to conpletion. [002 nbodi nment
arammﬁﬂmlMglnchMquksemtprnmenV|@@hmﬂhlnﬁw@@@ secondary
poll el”?irgclgcal lé’ ec)hoel al ned herl?t{on@ct influence of final

polishing with a very small polishing stock removal.
However, it has been revealed from an examination
conducted by the present inventors that final polishing
affects generation of PIDs in no small measure.
[0020]

A hypothesis originated by the present inventors
as one of fundamental principles of generation of a

linear protrusion as a typical PID will now be explained



Al t hough an exanpl e where a polishing process has

three steps, i.e., primary polishing, secondary

polishing, and final polishing will be expl ai ned

herei nafter, but the present invention is not

restricted thereto, and it can be applied to a silicon

single crystal wafer manufacturing process having a
inpretakibp dfo polsshiagistepshere0G28jolishingFprstess has
thsilicon single crystal wafer is pre$ﬁreg. and variou%

kPhds oF SBPocessi'ing ‘bef 8¢ oI | SATNYSEEBY: ar geCONdary
poLashifgg,ouhd tfirt bbeisptiad Whah thesiddeoncsinghe 5.

crystal wafer includes a wafer that is entirel¥ fornmed

of &ktheesh &§ihggllelneyst defgstnels asmdopsf flPnthat is
hat¥iigh Aledeash HPobl sbhAgehandsla SULLAGE at I TBd e,

a stlicon single crystal in this specitication. For
buexanpl s treedirlesenbsenvent ilon cairke appbi.ed 4 ocbnifalcal

olishing for, e.g., an SO (Siljicon on Insulator}

Op‘%a‘?% A thl%S%Fnﬁlllé-r&sfé% 5P| PESRTIVEyet Fartace of
a feimedoan addsel abef,stl002% arer (FEREN, PLATRLY  As

pol i shing and secondary polishing are performed with
charapeeriebichirs &% | sRonnsiimgl Bligeyst/db)wafier dpsagivagion

gul t ‘ I i shing t i 1S e I

of A AT R e P ST a2 R D Thp mPERGBcope
(AFRChi née elimesradddullte- ssda pblhshing rechidien®r defect

si ngl e-si de polishing machi ne can be uysed. MNbreover,
ha %oﬁs%€6&ﬂ9i%is? gmgsz??%ﬁ%os?tW6ﬁt8fQf;ﬁﬁ@sﬁPnSOO
nm S| d Ya @eh?ﬂﬁeH¥l&ﬁbré&fﬁ%té@&”@.@r%§§Qﬁeaﬁ%ve.

pol i shing stfock renoval, a polishing rate, and others
[0GdXel not restricted in particular. [0030] Fi nal

pol i,shi f.inal step inthe polishng st.eps.

carﬁ edﬁgﬁtg%ggséspol |O§hi nafg raf:uend(ag“epnoﬁafhishi ﬁ)é:ls col&lse of
gerfeetmvabn perf M nBLe) setid® tBenmddliisloindelsawpnikhll now

respect to the silicon single crystal wafer subjected
bet%?éﬁ?h%?? ﬁbFPsﬁ%ﬁ?QﬁﬂF%e%%nE%?yd56WP§mﬁn} It isto
be rqted that) thhsdoeg net1AeEESSaLhhY M™aRystal wafer
constantly setting the polishing rate’to 10 hmm n or
aftset oheduinag itive B1 ad rpolpiodhisiyist epndl dreefdug starting
includes a confornatio the polishing rate is
s TS PR R APEr beitw {hoatt Feadto A paR | BFSPhearter
prifanal pelliisdhingy st epHéwepert, or thpol pBhi fEtodured due to
particular, it is preferable to first set the
prﬁﬂﬂ?%hpﬁélﬁgFémipdﬁeﬁigHOtréﬁéx@%teémﬁﬁf@$ﬁ¥UﬂQﬁQ?%ﬁe a
poltig fihal+ poki sBhng St ep, ééE%héﬁEthSLE%Hfﬁy'M%rfgfbe.
to 10 nmMmn or below, and set the polishing rate to
[002ZInm min or below at |east at the end of the fina
poli.shi tep. It. is,to.be noted that a reason
Fof 186t (11 (RACBBI PRty T atet £ B9165KRARH oroBbt ol 19
W | Fobe iexpl abred dsat gere [RO03AH in a dJdbeiphesgntslurry
i nvention can be applied to either a double-side ,
SepgaIFtshi shg Traehi el 6P aNgI rigp L 5P d4@SpolG shi ng aneedd heidal
silﬁ%:%.po"SW§KlQﬁ&ﬂ'”%&fhi%ﬁa!ﬂ%ﬂﬂé%ﬁﬁg- or exgﬁgie,
6 Shows a SChemBiic cross.séctional view of ~an exanpl e
contfantimmatsioy| e Si de polishiimgy madhirg. piping system, a

gelled substance of a colloidal silica, a particle other
than a silica in a polishing slurry raw material, a
foreign matter of a fiber torn from the polishing pad,

and others can be considered. These foreign matters are



Thi s singl e-side polishing machine 21 includes a turn

tabl e 23 having a polishing pad 22 attached thereto, a

pol i shing head 25 that holds a silicon single crystal

wafer W polishing slurry supplying nmeans 26, and

others. The turn table 23 and the polishing head 25

are rotated by a non-depicted driving source, a wafer
prsesti sl dongatent agt Wesherhexydalritshi agdpadnzaldnd do

olishing target surfac .the silicon_single .._. .

nof JHUT Rart LT Bol TR Lk Ve he TITAC BT B0l (RSt o
ofaapeldraiicly sd ik ¥chs taeppl ifd-41om hhet peki sy adhered
slurry supply“gg nmeans 26. [0032] _Al t hough
isydpilayshedits'chhiBe adopt &d A% R estudipsl oshierg (Fig-
5 (Eqbe, adjusting a relative velocity of the silicon

single crystal wafer to be polished and the poli shing
[Opadlenabl es adjusting the polishing rate by a sinple

adj ust nen thod, and sufficient effect can he.

bt o hRd. "ABy USRI DI ERE® r € AP Ye DIy Gt LRE-

siligoAnslgal e en¥st ah jwaker apdothegadd Sh'fﬁkﬁ;cﬂﬂﬁe@an in

be performed by adjusting a rotating rate of the turn
se¢gBfary3 Al bShbrati g rderbiathy pdl9xhieg héad Zsinal

i - e.si - 51 pal . shi maghi pi d
po,:Ler]s'h_?S% 6bl?€ ﬁzeggletfégfyBgse%n?;lsr,{@t he%%éﬁ?ls |’ng€%§t e OMe
me chanltemadjsustret bin adhas ey nalaconmposl 1 sbongr apidoofcauses

the polishing slurry, a type or an.operating ti of _,
9ot REapaPPSnitly pad, [&Fetper AF ar BUaL Othe QT of 0  final
poPPEhSAYNGu a3 P! A S NYppI €88HNEG,. and others, and these

conditions can be appropriately sel ected. The

specttikagabeeds aurtidepnd £BaGi redtd de¢ £Resecondary

I shing. rate a,predet er.m_ned. v . £an
po SELhERLERAERIS ik RLERR TR DI MR 18 3F, snegaced
ont heldishiecbrsst figte orfydtrad sl éroandicsedlcul atyagaflthevafer
olishing:%a e f£0n1 asur ement og,a polishin% stock |

e O | 0%%‘]“3 POl1SA NG iR h8d SabGVE S gengr ACP8R 11
ri®f §(BYD in final polishing can be suppressed by

setting the polishing rate to 10 nnimn or bel ow at
[0@%Helfinal polishing step. Additionally, it is further

pr ef e to set, the | i.shi rate t r

i.ea§g%§nn95r%§§%m? E tqéﬁgyg%’pgﬁfi%ﬁ%ééw%hgk%entors
hapel icehigigigmd@ thafti rsedsetinigo. @xeedd sk g maneatatheche

final polishing step to efficiently reduce haze, then
POLhRApBPI sRITTE rdt® | $LSBLYt oPES i POt 1BRIBH, &RGPles
redd@iRGl 1 ghi RGEALE | $88let 0 L0, ANMTPLE OpgRERQW atto  the

| east "at the end of the final polishing step, thereby
sustdé¢eciaht [tyer edudiingnPl BsngWeencsyehaa serfeng bsfore a

configured, final polishing can be perfornmed w thout
pr%ﬁ%ﬁ% ?gaﬁFlfofgﬁﬁging productivity, and both haze and
[0 BB can be decreased, which is preferable. A

pol i shing stock renoval in polishing when the . _
pol iPshigrPaee i &LsetPe Bl ADNAREN f 162 el RN i ANERPs With

&xa0pl ecganche Set 14Qorf- Gindl &M OFy8bgye, ,and an ; t
reeffect o? sufficien#lf reddg¥%g PIEBycan bewobtainég. °
fldttes thebevabeedsthdtaset thhgla tpoté shisnge strotkated and
repoval. in_final polishin 0 5 nmor_above for_the . .
to [ BTR50d Yor £1BAAEI NG hiré st 3751 or Al E P FBoa4) POLLshing
mateF£ASPN ff1 SEHih§g tdenpotishENg rat eploa iEhiMg or stock
bel ow and others w |l now be described in regard to
renexpret i nefflaP térafpl s WheRedadpsld st Y oeless Ragpose.
steps, . i€ Pri i ng,: c .
Hod e T Rae et AP por e o, L0057 (Ao Rkt StoP
Exanpl e 1)



Two silicon single crystal wafers subjected to various

ki nds of processing until just before primary

pol i shing were prepared. Each prepared silicon single

crystal wafer is a P-type (resistivity: 1 OGcm or

above) CZ silicon single crystal wafer having a

di aneter of 200 WM Then, primary polishing was
is pepherimac iyl wseng-on deogbéecsi dietpatmshédg uma nehea set

pl i shing pad of urethane foam_.and a polishing slurry
Po =B N R B ATEHSCP o | DR daFPEEICR W6 40 o opandoement of
a POhLEhERY nYtOGk F £ABMaL QR RRlt i desr beifilgaselst 0in the

approxi mately 20 pm Subsequent |y, secondary
copoenshPnglwatepbnpéeawd by wxdhyshispngileogkderemoval in

: i shing. i ne, .a poljshi pad_of a yur e

flﬁ%%mov%ﬁg%ggggg? an% a 6%$F%E?%g s?%rryvggyan ehidd1 as
apNa@kthaselgol 10i dad 80l irca wirt hbalpali shi nplsigickng rate

renmoval bheing set to approximately 0.5 to 1.5 pm, _
dog9odEt have FRnPsi AAPAERT shidhy weS gt idtdred Sy Just
pe:SbPAPe§UChn 81 31 NGl 585 dgepobirshiAgMaghLRE ag shewRdatq.

Fig. 6, a polishing pad of polyurethane suede utilized
Fuftore approxi rtcel yo 10901 ntnutedss apdiacpelissid mys shughy as
o(gigql %%@Cﬁbb%%$9 coh%oigalrghli%a @5th a polishing
POST hre %elng S0 2B i hut RSP tMi’s case, a
[o0Dépting rate of a turn table was set to 25 rpm

(Sanple 1) and 40 rpm (Sanple 2). Each Eo[ishin% st ock

renggmeV?Ffi&ﬁs?%lﬂ§MrEP%a§@ﬁ%%U@éE afped Knowledge
£olt | S ot N POLEENING, SLOGKS | eyl 0816 5. $0vBRors

(Sample 1) and 20.6 nm (Sanple 2), and polishing rates
hawereoBc82van mhat( Sampeinly and &4 mmiImmg (Sapplléshing

2), respectiyvely 003 asurenent__of Pl Ds
ra%?suf?%é% oﬁ%Eacﬁh%oligﬁgalsiIPSgﬁs Fﬁﬁie §F§§ialenagqes
supfess ag carripd @updyiasl gaa ronégealprateddon that
- system |l aser m croscope (MAG CS manufactured by
1s | ggBprréc Corpbr &ticont 1 A Lmexstt ehERY SO+ i 8RS of total

[ J I -
bt a, Land B eas i arnt val o taf S r e hagi 5] o=
be di alrerebyof 200pmaswasi,convented bhntrmgtihe nuteer pepsent
an .area @avingpﬁ gLaneter of 300 mm Judgi ng whet her a
ViEHsUr e dt AeF 8P PS8 ™PI D actual Iy introduced during
[o0tdg polishing step is difficult, but a defect that can
be nmeasured by using the confocal optical systeml aser
m cPdscopeCrismeddar dedoadiadpl bri -hchi Bregedits i eavesrion
- [Ogﬁﬁ% r : Sghple 1)
Wlléh 4 ?%ﬁ%%?gIgﬁfgge pé%%?%%f%. tﬂgggﬁo%gg not ed t hat
appAdxihmatedl yad/ @xeingle PhBsewesr epbl hedingr girase ons has
approximately 2/3 of the PIDs were mcro, LPDs, and the
ehegRht OB S hert dBf ect PHRBET oREILS i Baon sapPRdaTY
poﬂﬂgﬁﬁﬂg, and final ©polishing will Dbe explained

in

hereinafter, but the present invention is not restricted
thereto, and it can be applied to a silicon single
crystal wafer manufacturing process having a plurality
of polishing steps.
[0028]

First, a silicon single crystal wafer is prepared,

and various kinds of processing before a polishing step



(Experinental Exanple 2) Li ke Experi nental
Exanple 1, two silicon single crystal wafers subjected
to various kinds of processing until just before
primary polishing were prepared. Each prepared silicon
single crystal wafer is a P-type (resistivity: 1 Qom
or above) CZ silicon single crystal wafer having a
arei ametrdredf o280 M tl nid hit® casencaeubl kbhitngtpad silicon
. utilized for. approxinate 5000 m nutes s used, and
5188} 51 BV Aat BOGF ia DU TESI € WAL SEL HG 2o s plrt L rely
fokmadpbe 3) sand &h rom§Hampkg stk it aPardpr mki Ralvafer in
olishing with regﬁggt.to the silicon single crystal
whiglt e2§. lABStthiass R WeShpodi §Rirag tstouki aegroval §owmed of a
. 4 nm{ |l e ggg 36. 4 a .
St po??%hir%ggf??g;ges 3 re 8. 961I}1mn?n91§1§( ggh‘%fcg)fé)ﬁgﬁdmm. 6 For

examphen Hanpbeedpntr éspesit¥ehycan be applied to final
Thenunber sof Pl Dswer eneasur edl i ke Experinental Exanple

pollshiRg hefe & {-Sarft e} dRdIIFPH RhptRsyyator) wafer
in aPRE oK matel Yy 1d 3.9 sthe Rlibs; ver eikiaear; ProsFHSE0BS: an
approximately 2/ 3 of the PIDs were micro LPDs, and the
inswkerrof other defect types was small. [0040]
[0539] 1 shows a relationship between the polishing rate
nd' t he nunber of PIDs at the final polishing step
obt aimed, f rramnxper igent hifkyanphes deabddary polishting
can be understoad fromFig. 1 that the polishing rate
areyndPeheCRliRBer Yot DS Haveta pOsi tiheS coft et aPPonsingle
crfRHdNCha fINCEy L e HOLT Shi gy pads hayidadi 1 el 88 s sning
used hours (pad |li1ves) were used in Experinenta
mettxahplie thdmd Expepleentsaln@Exanpber2ctide pol pshiagular.
As rate%1QESPQiff%g%pt even_though the r Eg[kpq%ratg ofyin
e PRdre LY e MRS ‘safie TBat PayChy At tantd oRotgsing
ma dHign & ebat konsit ¢l bet ween dohe polnghhaghhiatke and bBeused.
nunber of PIDs enabl es confirm ng presence of the
MorEsterl at VoA I 04 PREE BE I Srent aP - ExahpFemgpsition of a
polfidiSing ShXuskli, con «Sidfiol &5 6 yst ak, wRfersh subi geLedute, -
various ki nds”o6f processing unfil just before prinary
polpgtiishy ng twerle peepardd. Eaghobiepangd sitécomrsi ngitbers
crystal fer.is a P-type (resistivity: 1 acm or
arfhﬁ%V%)r%égg%FFgénlgiﬁﬁYe 4?§?Er waf er having a
[oodBcEmet er of 200 mMm Then, primary polishing was
performed by_using a single-side polishing machine, a.
pol EsRiedg Padishiadpotyuret hiahel nGhmivehnf 4818 cPoaRghang
i shi y ofr a 0 : lpidal sjlica; mn-
St%ﬁ%h§g S%Pﬁé |%gogﬁbc t?%h;%§?§§gﬁ%' sg%g?o & bb%ishing
stoapproeaorat Bl pe8 monl@g@Pmset to 10 nm/min or below with

respect to the silicon single crystal wafer subjected to
primary polishing and secondary polishing. It is to be
noted that this does not necessarily mean constantly
setting the polishing rate to 10 nm/min or below during
the final polishing step alone but includes a
conformation where the polishing rate 1s set to 10
nm/min or below 1in at least a part of the final
polishing step to perform polishing. In particular, it

is preferable to first set the polishing rate to a high



Subsequent |y, secondary polishing was perfornmed by
usi ng a single-side polishing nmachine, a polishing pad
of a pol yuret hane nonwoven fabric, and a polishing
slurry of an NaOH based colloidal silica with a
pol i shing stock renoval being set to approximately 0.5
to 1.5 pm [0042] Then, final polishing was

ratper feorared iyg uSiOnmszamli]na st ng[he— sfﬂleabolpcsltﬂstging step,
machi ne as shown in Fig pal | shi

thedol §6Fettﬁéﬁ1ep§&é§@ln§ndr%\t%olt tﬁ%gngpg‘ﬁgy%"? Bptow, and

se@*ﬁﬁ%*ﬁ@i@@ﬂ%ﬂd‘%é%& 8bl L ganml/mithicr 08SEowPaL 3BIRG at
performed with a rotating rate of a polishing head

thebe@rm@ gét the eflfﬂ@de@@ﬂai@l@lagdséepot ating rate of a

turndaple and.a nolishingti me being setogs shown,in .y
t he IFOMAng abl a Tesut neasur ﬂ

po podh SRd NG astedCko I @O Vh smif bmna&ap@wl&hung wéte&plalned
pol i shing, such polishing stock renoval s and pol i shing

late¥ es as shown in Table 1 were obtained. [0043]

[O({Tppl e 1] Sanpl e nunber Wafer . dianmeterrate (nmm

Rotating of turn table Polishing
The present invention can be applied to either a

double-side polishing machine or a single-side polishing
machine as a polishing machine in final polishing.

Fig. 6 shows a schematic cross-sectional view of
an example of the single-side polishing machine.

This single-side polishing machine 21 includes a
turn table 23 having a polishing pad 22 attached thereto,
a polishing head 25 that holds a silicon single crystal
wafer W, polishing slurry supplying means 26, and others.
The turn table 23 and the polishing head 25 are rotated
by a non-depicted driving source, a wafer W 1s in
sliding <contact with the polishing pad 22, and a
polishing target surface of the silicon single crystal
wafer W 1s polished. At the time of polishing, a
polishing slurry is supplied from the polishing slurry
supplying means 26.

[0032]

Although various means can be adopted to adjust a
polishing rate, adjusting a relative velocity of the
silicon single crystal wafer to be polished and the
polishing pad enables adjusting the polishing rate by a
simple adjustment method, and a sufficient effect can be
obtained. Adjustment of the relative velocity of the
silicon single crystal wafer and the polishing pad can

be performed by adjusting a rotating rate of the turn



time Polishing stock renoval (nn) Polishing rate
(nmMmn) 5 200 10 rpm6 mnutes 64.1 10.7 6 200 10 rpm
12 minutes 119.4 10.0

table 23 and a rotating rate of the polishing head 25 if,
e.g., the single-side polishing machine depicted in Fig.
6 is used.

Besides, the polishing rate can be adjusted by
adjusting a composition or pH of the polishing slurry, a
type or an operating time of the polishing pad, a
temperature at the time of polishing, a polishing
pressure, and others, and these conditions can be
appropriately selected.

The specific wvarious conditions required to set
the polishing rate to a predetermined value can be
experimentally obtained by, e.g., actually polishing the
silicon single crystal wafer and <calculating the
polishing rate from measurement of a polishing stock
removal.

[0033]

As explained above, generation of a PID in final
polishing can be suppressed by setting the polishing
rate to 10 nm/min or below at the final polishing step.
Additionally, it 1s further preferable to set the
polishing rate to a low rate, 1.e., 5 nm or Dbelow.
Further, in particular, the polishing rate is first set
to exceed 10 nm/min at the final polishing step to
efficiently reduce haze, then the polishing rate is set
to 10 nm/min or below, and the polishing rate is set to
10 nm/min or below at least at the end of the final
polishing step, thereby sufficiently reducing PIDs.
When such a setting 1is configured, final polishing can
be performed without significantly reducing productivity,
and both haze and PIDs can be decreased, which 1is
preferable. A polishing stock removal in polishing when
the polishing rate is set to 10 nm/min or below in this

example can be set to, e.g., 1 nm or above, and an



7 200 5 rpm6 mnutes 43.5 7.26 8 200 5 rpm 12 m nutes
72.1 6.01 9 200 2 rpm 12 m nutes

effect of sufficiently reducing PIDs can be obtained.

It is to be noted that setting a polishing stock
removal in final polishing to 5 nm or above for the
purpose of reducing haze is preferable.

[0034]

A reason for setting the polishing rate to 10 nm
or below and others will now be described in regard to
experimental examples where a polishing process has
three steps, i.e., primary polishing, secondary
polishing, and final polishing.

[0035]
(Experimental Example 1)

Two silicon single crystal wafers subjected to
various kinds of processing until Jjust before primary
polishing were prepared. Fach prepared silicon single
crystal wafer is a P-type (resistivity: 1 Qcm or above)
CZ silicon single crystal wafer having a diameter of 200
mm.

Then, primary polishing was performed by using a
double-side polishing machine, a polishing pad of
urethane foam, and a polishing slurry of an NaOH-based
colloidal silica with a total polishing stock removal on
both sides being set to approximately 20 pm.

Subsequently, secondary polishing was performed by
using a single-side polishing machine, a polishing pad
of a polyurethane nonwoven fabric, and a polishing
slurry of an NaOH-base colloidal silica with a polishing
stock removal being set to approximately 0.5 to 1.5 um.
[0036]

Then, final polishing was performed by using such
a single-side polishing machine as shown in Fig. 6, a
polishing pad of ©polyurethane suede utilized for

approximately 1000 minutes, and a polishing slurry of an



39.1 3.26 10 200 2 rpm 30 mnutes 75.3 2.51 [0044]
The nunbers of PIDs in Sanples 5 to 10 were neasured
i ke Experinental Exanple 1, and Fig. 2 shows a

rel ati onshi p between the polishing rate and the nunber
of PIDs at the final polishing step. It can be
understood fromFig. 2 that the polishing rate and the

NHfaHHessof PbD3ohald asijpbbdd i wethorar eddlioming004hk being
Addi tionally, Fig. 4_shows a relationship between the
sehoFPski-ng Bt HEkSF enovBl A tFRSRunBerr GRPITES Fate of a

tu X PEIAYRNt §l; Exampl ec3. As shawn dsnrkie 4) thE8d 40 rpm

sanpl es subjected to polishing at substantially the
(Sampee po?l shi ndiacit e bl lavingg dibtér emempalailshiimg final

po PLER o TRLEL M e d 1 A B Se 3 Po8 g
stPOki sShemgvil gesyede @i3havemna Emglation. Brad 2.4t nm
(Séﬁghge2), and polishing rates were 3.32 nm/min (Sample
1) and 8.24 nm/min (Sample 2), respectively.

[0037]

Measurement of PIDs on a surface of each polished
silicon single crystal wafer was carried out by using a
confocal optical system laser microscope (MAGICS
manufactured by Lasertec Corporation). As measurement
conditions of MAGICS, Normal Scan and Slice Level 24 mV
were adopted, and a measurement value of a wafer having
a diameter of 200 mm was converted into the number per
an area having a diameter of 300 mm. Judging whether a
measured defect is a PID actually introduced during the
polishing step is difficult, but a defect that can be
measured by using the confocal optical system laser
microscope is regarded as a PID in this specification.
[0038]

The numbers of PIDs were 31 (Sample 1) and 47
(Sample 2), respectively. It 1is to be noted that
approximately 1/3 of the PIDs were linear protrusions,
approximately 2/3 of the PIDs were micro LPDs, and the
number of other defect types is small in each sample.
[0039]

(Experimental Example 2)

Like Experimental Example 1, two silicon single
crystal wafers subjected to various kinds of processing
until just before primary polishing were prepared. FEach

prepared silicon single crystal wafer is a P-type



understood that the polishing stock renoval itself and

the nunber of PIDs do not directly have a correl ation.

[ 0046] (Experinental Exanple 4) Four P-type

(resistivity: 1 Ccmor above) CZ silicon single

crystal wafers were prepared |ike Experinental Exanple

1, but each wafer has a dianeter of 300 mm and fina
(r®ol bshivngywas. peehobredbyid) acyokatliirgd asengleactystal

tabl e being set to 43, 30, 20, and 10 rpm (Sanples 11
wager 1avingd t K sdtpRetegol PN sMBck rdmovaléSueiase, a

9. 1 6.47.n i, N e
poflsﬁlnézﬁaﬁz%g%%f%%i f%f g@%@ﬂﬁgﬂ§$%sgg§qvgayutes

waéh@sednbend @fﬂaﬂxtlmgSaapbesflb1HuﬂM-w@bbenEasused to

like erime taI apple 1, and _Fig., 3 shows .
25 5y (RRCRLE et g T Re BBl (GAMRG S e ShaPERECRTnGN=]
poPisPlig atithe fds@dcpoliShitne skepicon sinlgllecarrhetal
| i kewi se understood fromFig. 3 that the polishing
wakere. andrthethbwbdringd, PO Vi@ il véemovals were

22 Cé)rﬁrﬁl ?tslaﬁgle %475Jnd 36. f’ﬁbl € Ipsil'é?\/@l §H5m?5¥1%fhlng

i'shing conditions and’ the nunbe I na
ra¢m$|SMeng 08 . eachnof/mExper(Jeentlad Exanpées 118064, nm/min
0048] [ Tabl e Ex erlnental exanpl e nunber Sanpl e
(S er W\f Y g?ét

The numbers of PIDs were measured like
Experimental Example 1, they were 61 (Sample 3) and 110
(Sample 4), approximately 1/3 of the PIDs were linear
protrusions, approximately 2/3 of the PIDs were micro
LPDs, and the number of other defect types was small.
[0040]

Fig. 1 shows a relationship between the polishing
rate and the number of PIDs at the final polishing step
obtained from Experimental Examples 1 and 2.

It can be understood from Fig. 1 that the
polishing rate and the number of PIDs have a positive
correlation.

Further, since the polishing pads having different
used hours (pad lives) were used in Experimental Example
1 and Experimental Example 2, the polishing rates are
different even though the rotating rate of the turn
table is the same, but paying attention to the
relationship between the polishing rate and the number
of PIDs enables confirming presence of the correlation.
[0041]

(Experimental Example 3)
First, six silicon single crystal wafers subjected

to various kinds of processing until just before primary



Polishing rate (nmfm n) Nunber of PIDs (Note)in terns
of wafer having dianeter 300 nm1 1 200 3.32 31 2
8.24 47 2 3

polishing were prepared. Each prepared silicon single
crystal wafer is a P-type (resistivity: 1 Qcm or above)
CZ silicon single crystal wafer having a diameter of 200
mm.

Then, primary polishing was performed by using a
single-side polishing machine, a polishing pad of a
polyurethane nonwoven fabric, and a polishing slurry of
an NaOH-based colloidal silica with a polishing stock
removal being set to approximately 8 to 12 pm.

Subsequently, secondary polishing was performed by
using a single-side polishing machine, a polishing pad
of a polyurethane nonwoven fabric, and a polishing
slurry of an NaOH-based <colloidal silica with a
polishing stock removal being set to approximately 0.5
to 1.5 pum.

[0042]

Then, final polishing was performed by using such
a single-side polishing machine as shown in Fig. 6, a
polishing pad of polyurethane suede, and a polishing
slurry of an NH,OH-based colloidal silica. In this case,
polishing was performed with a rotating rate of a
polishing head being set to a fixed value and a rotating
rate of a turn table and a polishing time being set as
shown in the following Table 1.

As a result of measuring polishing stock removals
in final polishing after polishing, such polishing stock
removals and polishing rates as shown in Table 1 were
obtained.

(0043]



200 8.96 61 4 14.6 110 3 5 200 10.7 102 6

[Table 1]

Samplewéfer Rotating Polishing Polishing |Polishing

numberdlameterrate of time stock rate

(mm) turn table removal (nm)|{nm/min)

5 200 10 rpm 6 minutes 64.1 10.7
6 200 10 rpm |12 minutes 119.4 10.0
7 200 5 rpm 6 minutes 43.5 7.26
8 200 5 rpm 12 minutes 72.1 6.01
9 200 2 rpm 12 minutes 39.1 3.26
10 200 2 rpm 30 minutes 75.3 2.51

[0044]

The numbers of PIDs 1in Samples 5 to 10 were
measured like Experimental Example 1, and Fig. 2 shows a
relationship between the polishing rate and the number
of PIDs at the final polishing step.

It can be understood from Fig. 2 that the
polishing rate and the number of PIDs have a positive
correlation.

[0045]

Additionally, Fig. 4 shows a relationship between
the polishing stock removal and the number of PIDs in
Experimental Example 3. As shown in Fig. 4, the samples
subjected to polishing at substantially the same
polishing rate and having different polishing stock
removals (i.e., the samples polished at the same
rotating rate of the turn table for different polishing
times) do not have a correlation. That is, it can be
understood that the polishing stock removal itself and
the number of PIDs do not directly have a correlation.
[0046]

(Experimental Example 4)

Four P-type (resistivity: 1 Qcm or above) CZ

silicon single <crystal wafers were prepared like

Experimental Example 1, but each wafer has a diameter of



10.0 98 7 7.26 82 8 6.01 78 9 3.26

300 mm, and final ©polishing was performed with a
rotating rate of a turn table being set to 43, 30, 20,
and 10 rpm (Samples 11 to 14). At this time, polishing
stock removals were 44.6, 29.4, 18.2, and 6.17 nm, and
polishing rates were 19.1, 12.6, 7.83, and 2.65 nm/min,
respectively.

The numbers of PIDs in Samples 11 to 14 were
measured like Experimental Example 1, and Fig. 3 shows a
relationship between the polishing rate and the number
of PIDs at the final polishing step.

It can be likewise understood from Fig. 3 that the
polishing rate and the number of PIDs have a positive
correlation.

[0047]

Table 2 shows a summary of polishing conditions
and the number of PIDs in final polishing of each of
Experimental Examples 1 to 4.

(0048]



61 10 2.51 53 4 11 300 19.1 160 12 12.6 110

[Table 2]
Experimental Wafer Polishing Numbex Qf PIDs
Sample]| . (Note) in terms
example diameter [rate .
number number(mm) (nm/min) of wafer having
diameter 300 mm
1 1 200 3.32 31
2 8.24 47
5 3 200 8.96 61
4 14.6 110
5 10.7 102
0 10.0 98
3 7 500 7.26 82
8 6.01 78
9 3.26 61
10 2.51 53
11 19.1 160
4 12 300 12.6 110
13 7.83 66
14 2.65 36
[0049]

It can be understood from the above-explained
experimental results that setting the polishing rate at
the final polishing step to 10 nm/min or below enables
effectively suppressing generation of PIDs and providing
the polished wafer with the very small number of PIDs,
e.g., less than 100 in terms of a wafer having a
diameter of 300 mm. Additionally, it was found that
further reducing the polishing rate enables further
suppressing the number of PIDs and setting the polishing
rate to, e.g., 5 nm/min or below enables suppressing the
number of PIDs to approximately 80 or below.

[0050]

It is to be noted that a lower 1limit of the
polishing rate at the final polishing step is not
restricted in particular, but it is determined based on,

e.g., achievement of productivity, an effect of reducing




13 7.83 66 14 2.65 36 [0049] It can be
under st ood fromthe above-expl ai ned experi nent al
results that setting the polishing rate at the fina
pol i shing step to 10 nmim n or bel ow enabl es
effectively suppressing generation of PIDs and
provi di ng the polished wafer with the very snal
hapgpberr otoRtbsl1abd.Lidesanthatad0Be nséer m®,0feag., 0.1
waf er having a diameter of 300 nm Additionally, it
nmgRENT BEN@PONA: further reducing the polishing rate
[0 65 | es further suppressing the nunber of PIDs and
setting the polishing rate to, e.g., 5 nmimn or bel ow
enables isuppe edsi ngothd minder tdfe PbDsseot invention is
approximately 80 or pel ow,_ [ 0050, .t is.to be
%ot 583%;%0%5)61 ovie? |€]Prf't EPH%‘”%&is%ﬁ“ﬁﬁW%&%ﬁ' the The
fofé§aingol iestiimgdiep | Ssnotjuestriat edddnges ficehar, any
but it is determ ned based on, e.g., achievenment of
ex§m@ag§“wﬁ%9b @@%ﬁfé@@ﬁﬁaq@ﬁ®%iﬁgthe same structures

and demonstrate the same functions and effects as those
in the technical concept described in claims of the
present invention are included in the technical scope of
the present invention.

[BRIEF DESCRIPTION OF DRAWINGS]

[0052]

Fig. 1 is a graph showing a relationship between a
polishing rate and the number of PIDs on a wafer surface
at a final polishing step in Experimental Examples 1 and
2;

Fig. 2 is a graph showing a relationship between a
polishing rate and the number of PIDs on a wafer surface
at a final polishing step in Experimental Example 3;

Fig. 3 is a graph showing a relationship between a
polishing rate and the number of PIDs on a wafer surface
at a final polishing step in Experimental Example 4;

Fig. 4 is a graph showing a relationship between a
polishing stock removal and the number of PIDs on a
wafer surface at the final polishing step in
Experimental Example 3;

Fig. 5 is an explanatory drawing of a hypothesis
of a fundamental principle of generation of PIDs during
the polishing step;

Fig. 6 is a schematic cross-sectional view showing
an example of a single-side polishing apparatus; and

Figs. 7 are images obtained by imaging a linear



haze, or controllability and can be set to, e.g., 0.1

nm mn or above. [0051] It is to be noted that

the present invention is not restricted to the

f oregoi ng enbodi nents. The foregoi ng enbodi nent is

just an exanple, and any exanpl es which have

substantially the sane structures and denonstrate the
pr&@nes f onchbiyoas ot ef{ ecést asatlhesa g thesé echnceakcope

concept described in clains of the present invention
andyral | AEPUERTFR THERRIRMRTal scope of the present
(fgPERL 0B ol B BEESGR PTI ON CF DRAWNGS] [ 0052

s a graph ShOMAng a relationship between a

[OQﬁﬂ] shing rate and the nunber of PIDs on a wafer

surface at final Lshing ste n_Experi nment al
@% %%% pide pOllSﬁﬁi #%Ph.%raph showi ng a

rel atii . orp%iupsrbﬁﬁ@/egada pal:i shing taeeand the nunber

of PIDs on a wafer surface at a final polishing step

i n Boperiaehtial nExhfpre 3; Fig. 3 is a graph
h i . pol i shi t

e SKUNGar ST TP Bo S B E wat o TR ] PR g
polishing step in Experinental Exanple 4; Fi g.

4 is a graph show ng a relationship between a
pol i shing stock renoval and the nunber of PIDs on a
waf er surface at the final polishing step in

Experi nmental Exanple 3; Fig. 5is an

expl anatory drawi ng of a hypothesis of a fundanent al
princi ple of generation of PIDs during the polishing
st ep; Fig. 6 is a schematic cross-sectional view
showi ng an exanpl e of a single-side polishing
apparatus; and Figs. 7 are inmages obtained by inaging
a linear protrusion by a confocal optical systemlaser
m croscope and an atom force m croscope. [Explanations
of Numeral s] [0053] 21: single-side polishing machine,
22: polishing pad, 23: turn table,

° 21



25: polishing head, 26: polishing slurry supplying
nmeans, W wafer. CLAIMS [daiml] A fina
polishing method for a silicon single crystal wafer,
wherein at a final polishing step as a final step
among a plurality of polishing steps for polishing the
silicon single crystal wafer with a polishing slurry
bei ng i nterposed between the silicon single crystal
waf er and a polishing pad, the nethod conpri sing:
CLAIMSt setting a polishing rate to exceed 10 nni min,
{c?ﬂﬁmtb?n setting the polishing rate at |east at
the end of the final polishing step is set to 5 nmmn
or el dimalt h mopbshshgngmstbok r épwvak obilimmror single
above; a a.pol i shing_stock rempval in the
criTRaF SRS nPrEil T5 8 MRIDR aBBUR ST AP 2° 2
fidhe fdtab paldshi ng pethed ifitof @S boaasisimgl &teps for
crystal wafer according to claim1, wherein the ,
pobbbsATNgtR&t e SILAFRN | RANIPSI | SHIVTFals atfRfistedvByh 2
' LN at v el.ogGi h ildcon . sjngl :
R A
sijdlai mB8}stal wafesi kincdonasipwl eskiygt ghadhaf ethe method
subjected to final polishing by the final polishing
co L%Hngor a silicon single crystal wafer according to

cl aiimde 0fe 2t i Whereigh 1hen twgber tef thl Rsx@e@ waf @f/min,
surface is 80 or belowin terns of a wafer having a
andli breter of 300 mm

setting the polishing rate at least at the end of
the final polishing step is set to 5 nm/min or below
with a polishing stock removal of 1 nm or above; and

a polishing stock removal in the final polishing

is set to 5 nm or above.

[Claim 2]

The final polishing method for a silicon single
crystal wafer according to claim 1, wherein the
polishing rate in the final polishing is adjusted by
adjusting a relative velocity of the silicon single

crystal wafer to be polished and the polishing pad.

[Claim 3]

A silicon single crystal wafer subjected to final
polishing by the final polishing method for a silicon
single crystal wafer according to claim 1 or 2, wherein
the number of PIDs on a wafer surface is 80 or below in

terms of a wafer having a diameter of 300 mm.



