DESCRI PTI ON METHOD FOR CLEANI NG SEM CONDUCTOR WAFER TECHNI CAL FI ELD [ 0001]
The present invention relates to a nethod for cleaning sem conductor wafer.
BACKGROUND ART [ 0002] Asoneofthecl eani ng nmet hodsoft he sem conduct or wafer,
it has been carried out a cleaning treatnent by using ozonated water,

di luted hydrofluoric acid, and pure water in conbination. As a general flow
of the cleaning in this case, the cleaning is carried out in the order of
ozonat ed water cleaning diluted RPESCHIRIAAN acid cl eaning , ozonated water
(pure water) cleaning , drying. [0003] In this nmethod, an organic
material (s) attached to a surface of the sem conductor wafer is renoved by
the first ozonatedimeiep EbranLAgNIAG coMiecedNIUoTar medFPR t he surface of

t he sem conductor wafer and netal inpurities incorporated into the oxide
filmare simultaneously renoved in the next diluted hydrofluoric acid

cl eani ng, TtBgreaht e eMpen a protective oxide filmis necessary for the
surface of the sem conductor wafer, surface oxidation treatnent by ozonated
wat er (or[pOPélwater) is carried out. Also, for the purpose of inproving a
cl eani ng pover,4l has.been pragliced,a ethed in. ghich for mmti o, and
etching of an oxide TiTmon the surface of the°sent conduttor wafer are
repeat ed cbyanzngateaivwahelucand Redreof ) uoric acid (Patent Docunment 1).

[ 0004] For exanple, in the cleaning of a sem conductor wafer by a
si ngl e waf er processing spin cleaning, ozonated water cleaning, HE
(hydrof | ugitgcpehdy &keaning, and pure water cleaning are carried out in
conbi nati on as nentioned above, and in the HF cleaning carried out after
formati on[©$0ah oxide filmon the surface of a seniconductor wafer by the
ozonated water cleaning, the oxjde filmitself is renoyed sipultaneously
with the netalzgﬁpur??ges ?ﬁcor%g?ateﬁgkﬁp&nﬁhe &ﬁﬁi?%%lrno ccoa%?ng to
this proceduf eonausubfrace Ader ei nahher beefrerdetriodbane surdece)ihd which
oxide filmis not forned is exposed at the surface of the sem conductor
waf er, whefedymERe S fatE  DeedRBE tERe "@ite | ALhHIER pardiefesohte Iikely

adhered and; @, Panhbil ¢Ji&-d &yele s deqiaflad:a sl ef 0k 8, ol e £ egnipg of a

sem conductor wafer, it is the problemto reduce the netal inpurity |eve
and the paftittlee ¢bvenhisgmilnt apebaslopseGl TATEON LdBTLIRATENT ¢4 TERATURES
[ 0005]

[0005] @Rt 205t SO o DRSNS ¢ 1 dgRanee, hexanined, Fagent fupliggtion
hydrofluoric acid cleaning - ozonated water (pure water)
cleaning - drying.

[0003]
In this method, an organic material(s) attached to
a surface of the semiconductor wafer is removed by the
first ozonated water cleaning, an oxide film formed on
the surface of the semiconductor wafer and metal
- impurities incorporated 1into the oxide film are
simultaneously removed in the next diluted hydrofluoric
acid cleaning, thereafter, when a protective oxide film
is necessary for the surface of the semiconductor wafer,
surface oxidation treatment by ozonated water (or pure
water) 1s carried out. Also, for the purpose of
improving a cleaning power, it has been practiced a
method in which formation and etching of an oxide film

on the surface of the semiconductor wafer are repeated



SUMMARY COF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0006]

The present invention has been acconplished in view of the above-nentioned
ci rcunst ance, and an object thereof is to provide a nethod for cleaning a
sem conduct or wafer which can reduce both of a netal inpurity |level and a
particle | evel at the surface of thesem conductor wafersinultaneously when
the sem conductor wafer is subjected to the cleaning. MEANS FOR SOLVI NG THE
PROBLEMS ppoo7zpnated wargemoiive hferabsverieneicdded Rrtoilteniocwredidi ng to
the present invention, it is provided a nethod for cleaning a semn conductor
waf er whi ch conprises cleaning steps of HF cleaning, ozonated water

cl eani ng, [afd4HF cleaning in this order at |east one tine, wherein, in the
HF cleaning carried out at last in the nmethod for_cleaning th

seni conduct or wafer X4 ngifs §Rec&rSHH Mt Ctthat a'sr?nb]xﬁ?%gfﬁ?ﬁfor med

on a surfagecef b?e semgionguct afa vef er pby cthe i9zgonated, watl 8L,k SnHot
entirely renoved fo remain a part of a thickness thereof on the surface of

t he sem condueterd wafter. dIGG08Ing, HE Abgdrdifagord a kisidonsteaninegn, after
removi ng al_inpurities at the surfac f .t i conduct.or fer

G T of ont Ty By Cher ML E1 Saig Tk et oucry "eary i ot ont wur i ae i1 m
formed onatheecsutrifcacel ofbdhie, semacondueher avaf €rebyitibe cezanaiedowat er
cleaning is dissolved by the last HF cleaning carried out in the nethod for
cl eani ng RhESEefiTdMtiutt®dr Okaf®f, C&idSa parh o™ t heet nitkhese tHer®of is

remai ned, s §Qi EBabiukk oGan, Pe F 654 T ahaed I &l @t fathat hheoxigde fhkmon the
surface of the sem conductor wafer is entirely renoved to expose the bare

surface apdithe Sulkhace dselcane st heenpaed t hanuihenpansilidl esighe thkel y

adher ed the£%io,.mhere y. the .netal igggé&ty.lggelt%%g t he. art%gig | evel of

the surfate t REPSEm coduct or® WAt can Bbe reduced situ ?aneousry.

Al so, thensebhadngs extreneky eepveriend, sianceurtiaca paidro®fnkheethi ckness
of the oxide filmis renmained at the tinme of dissolving the oxide film by
t he | ast FFf%FéﬁﬁiHﬁDCQ@FﬁedS%ﬁfaFﬁ)tH@ch@éﬁﬁthB?théﬁBUFfééb BPTt he

sem condugl preuatier . ckBOARN at th@t $hE8abEN®r 1 EnkS JUpfSLed-that the
oxide filmfornmed on the surface of the sem conductor wafer is entirely

renoved byafae, fiwtstrdiFy cltéani sigrface hdamsttesd £be cdfeaind ngnt hehich

sem conduct or . waf er #QO%Q] g %%%%plQggggaagk%g¥g$%{h%k% n,igetm

: S arricles 'a e a ;
|npur|t|e% at *the sutface o ]ﬁﬁe sem conduc er "an e oxide film

i ncor por adléfgatibe.samheakd oger,t diml yhe eabyediagd otthes netmd compuctdy | evel
can be certainly reduced, and the oxide fil mnmay be remained in the HF
cl eani ng YhEREaf tidr Wt AR RRYCHRBLIEIM TpEHEE) the metal impurity

level and the particle level simultaneously.

CITATION LIST
PATENT LITERATURES
[0005]
Patent Document 1: Japanese Unexamined Patent

Publication (Kokai) No. 2007-273911

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION .
[0006]
The present invention has been accomplished 1in
view of the above-mentioned circumstance, and an object

thereof is to provide a method for cleaning a



At this time, it is preferred that the oxide filmfornmed on the surface of
the sem conductor wafer by the ozonated water cleaning is not entirely
removed and to remain a part of a thickness thereof on the surface of the
sem conductor wafer in the HF cleaning at the second tine or later in the
met hod for cleaning the sem conductor wafer. [0012] According to this
constitution, for exanple, even if the HF cleaning and the ozone cl eaning
are repeaf8flcPRElUgkicdde VRIEAYI swhbphi e | HedHecHFP et earfitfhg aatmehelsecond

time or later., t it n be r rtai restrain e state that
t he oxi de #D?I rlﬁl%% tﬂ%%ur fag@e %f pg%gﬁggl% cgéng%%:lt gft w% éerE\Sﬁ‘llsrt%ncte;srél%y
renoved tohexposenmthenbars csur f acefeso t dimthearsasiate beghsre t hehstate

where the particles are |ikely adhered thereto ereby the particle |evel
o the. suP PACEOGF TG ‘sai ten s DR YaF 60 Ol ated T gonH A

this tinmeyphRst FerMA NOrT6d egpdBgriihe sem conductor wafer, the
sem conduct or wafer can be subjected to cleaning either by carrying out the

HF cl eani hg08f'fer the ozonated water cleaning or by carrying out the

ozonated wetter gl eaning. atter Lhe,EF cheanig whighoprocedure, gy be

alternately repeat W ce or nore. cordi ng

consti tutton,tieheppetahti npuwdnyideyelitants t beopaddr| & emelodf £bhe
surface of _the sem conductor wafer can be reduced nore effectively so it is
preferredlfepiBp 2 SemigpnelrEor MRl conteht FRIPEH S5 HELeaRlBe nade

0.1 Wt%tQtéﬁ@ W0 bR thes A o eanj g whey eyhheoxide f{hg T orppdypn the
surface of the sem conductor wafer by the ozonated water ¢leaning is not
entirely eémpredanid: t shiemadrdar paitt bfast t bineknesse 1 hetheofeion t he surface

of the sem. co ctor fer. [0016 Accordi.n this.conpstitution,
it does ng%lgt;@%a] %9?%%85 tcla[rﬁe‘r eo(% Pssditut i%‘El)FQircofJL h]ég%ximc?chci(?n%% t he

surface otltheisgmttendugtioronvadietof onaedrby ctikandzonatedssaterrekaani ng,
and it never causes the state that control of the thickness becones

di fficul t°8Fnck??he 3% mtdk@n o™ difsediant i O of t ABTSRICGe Pl ntl8g too

short so kinisopugtenred.wd A017] Lt this tdMEnafegongahiyation of  the
ozonated water can be nade 3 ppmior nore in the ozonated water cleaning.

[ 0018] entira¢yordiney < tchiscnohst &t peironofcleediiimkred$ectsebgofhe
ozonated y@tef . cLEanLng 'L U & INCLERTEG 89 Ll Preferred.
[0008]

According to this constitution, after removing
metal impurities at the surface of the semiconductor
wafer sufficiently by the HF cleaning previously carried
out, when an oxide film formed on the surface of the
semiconductor wafer by the ozonated water cleaning is
dissolved by the last HF cleaning carried out in the
method for cleaning the semiconductor wafer, and a part
of the thickness thereof is remained, so that it can be
restrained the state that the oxide film on the surface
of the semiconductor wafer is entirely removed to expose
the bare surface and the surface became the state that
the particles are 1likely adhered thereto, whereby the
metal impurity level and the particle 1level of the
surface of the semiconductor wafer <can be reduced

simultaneously.



[ 0019] At this time, the HF cl eaning and the ozonated water cleaning
of the sem conductor wafer can be carried out by the single wafer
processi ng spin cleaning. [0020] Thus, to the HF cl eaning and the
ozonated water cleaning in the nmethod for cleaning the sem conductor wafer
of the present invention can be applied a single wafer processing spin

cl eani ng. EFFECT OF THE | NVENTI ON [ 0021] As expl ai ned above, when
the method for 2&1&ani ngre hesendontitictoFrt DRIty of CAEepEeBENt SERVENtion s

enp!oyed’ohﬁyisap §£P| EhQ%f}h%H¥ﬁgdé§§5cﬂﬁ ER% SU%Ea%e Qﬁlgheis
sem conductor wafer can be effectively and conveniently reduced, and
further themaghald anpuhed timevedf addssbevpagt ichlee dxeved fof 1t ey suhéace of

t he sem conduct fer can be reduced sinmultaneously. BRI EF DESCRI PTI ON OF
THE DRAMV%%%g[égézﬁaeanlnglﬁﬁir?fﬁ QuFlohPcﬁgF? 9&5ﬁnﬁjxénogsaﬁgée of the
net hod fokuekgani Bg anhsedLsondcd it yef grrof the present invention

Fig. 2 is a view show ng a graph of the particle |level at the surface of

t he waf er [PROBXanpl es and Conparative Exanpl es of the respective nunber of

the HF cl eaning,iipes. BEST MOLE EQR CARRYING QT THE LWENT] OV [ 0023]

Her ei nafter, t henet edni nga Sem conduct or “wafer of present
i nventi onfosmexrpl @ah netha n sdetfaide by r etaer i sgmt 6okdgctbraswamerexanpl e of
t he enmbodi nents, but the present invention is not,Iinited}§¥ t hese. [0024]

First, a SBhEBAGUCEBIONRE &Y t bREartly SSut | ehRPRG By the ¥4 dBRFhAgmet hod

of the presentiibayenly @hd S RRMH St &ergarthe sem conductor wafer to be
used is not limted, "and may be nentioned, for exanple, a silicon wafer, a

sem condu¢PBiOhaf er nmade from a conpound such as GaAs, InP, and the |ike.

According to this constitution, metal impurities
at the surface of the semiconductor wafer and the oxide
film incorporating the same are certainly removed and
the metal impurity level can be certainly reduced, and °
the oxide film may be remained 1in the HF cleaning
thereafter without any problem.

[0011]

At this time, it is preferred that the oxide film
formed on the surface of the semiconductor wafer by the
ozonated water cleaning 1is not entirely removed and to
remain a part of a thickness thereof on the surface of
the semiconductor wafer in the HF cleaning at the second
time or later in the method for cleaning the
semiconductor wafer.

[0012]

According to this constitution, for example, even
if the HF cleaning and the ozone cleaning are repeated,
the oxide film is remained in the HF cleaning at the
second time or later, so that it can be more certainly
restrained the state that the oxide film on the surface
of the semiconductor wafer is entirely removed to expose

the bare surface so that the surface became the state



[ 0025] Such a sem conductor wafer is subjected to cleaning al ong
with, for exanple, the flow chart shown in Fig. 1. First, the first
ozonated water cleaning shown in Fig. 1(a) is carried out. A concentration
of the ozonated water to be used herein can be nade 3 ppm or nore,
preferably 5 ppmor nore, nore preferably 10 ppmor nore, since the

cl eaning effect of the ozonated water is higher as the concentration is

hi gh. I ncvdentalthe maptocéss afre heikeiygt aghmredthatretoclwaielgyis to
renove thg organic terials attached_to . the surf of the sem conductor
waf er, so%tl‘?"ua?’airttlr%atye b{ee%?nft tocafdatﬁet ﬁlelrc];f"‘g(faeni%E rrgfi%r ia I%l%c?%&ﬁn% o

subst ant i @hkyrat saghedabedt.he prepared sem conductor wafer. [0026]

Next , asshownin Figs.1(b)to(d),the sem conductor wafer is subjected to

cl eaning W8h3the cleaning step of HF cleaning, ozonated water cleaning,
and HF cleaningn dihis argder, in cndlergeidyt he presentyigyention, when
the final HF cleaning (which corresponds to HF cleaning of Fig. 1(d)) in

t he abovesemntbodedtolreanadigrst efphies tserbeatudeddr omafehe cérandbag is
carried out, so %hgt a part of.the thickness of the.oxide filmis % mai ned
on the suttR¢8C6F%t he® sem TOhduEt o Water SW t REGE Yeéntd r 81 r &RBvi g t he
same fornedegnihhe surface ohet hezsaaieendusdasr wateeaby nghe zongyed wat er
cl eaning. By subjecting the procedure as mentioned above, after renoving

t he met al CRApUENEI el lsufhpci @13t omatiee st patenaf dheesemiiCondlict or
waf er by - evi 0 arJ. H eani ] ) ) e be
restrai ne%bgﬁgﬁg%ljét g’% JF:(z:a}t9 tﬁ;lfeoecgex%e f ﬁa% fgrgrren‘%l%{flgﬁgéggrf%%ﬂéé%%:&?he

sem conducydbcewatemolry .t he ozonat ed wat er cl eaning (which corresponds to
ozonat ed Q@éfr cleaning of Fig. 1(c)) is entirely renoved to expose the
bare surf 4d that the surface becane the state where the particles are
| i kel y adhered Adhes el ongAeeordtiing ddhdthi supiospdune, rdieNetmbutipyrity

| evel and the particle ?evel at the surface of the sem conductor wafer can
be si nul t haEDdUs| ¢ eduted PAtcident dI9¥eL t i t kh€kn8sstaret hefoxtde filmto
be parti ally; comml.ned. on,aesur bace ol Lhayusem conuckeraalicredt Lhis time
is not particularly Iimted, and it nmay be a thickness which can
sufficienttyiprptrecertrkel.surface of the sem conductor wafer. Al so, the
ozonat ed @ﬁéfé cl eaning of Fig. 1(c) can be carried out in the sanme manner
as the oz 8 wat er cleaning of Fig. 1(a). [0027] Al'so, in the

first HFE cleanixg ¢whisch: co&f espovdsctatibEteloeans AgHef £hg. bl bhdden the
above-nmenti oned cleaning step is to be carried out, if the oxide film

formed on0thevsir faReloP tes séhi COMIUBE oflRamemd sWRB Be Wit i P2F§er enoved
the metalc| [RUEbLLES A Whe, SULIAcE: ofs! R SeELGORdNAIOIoa] oF . £aPyDe more
certainly renoved, and further an oxide filmwhich can protect the surface
of the senheondocktardrafarer scliernedgbyi & heobzenatiee lwatrmamatednand carri ed

out thereafter, and the rticle vel is nat degraded it is_preferred.
P0028] - B8 eingdiich BF o m i BE L KNS oy bt CCut bt PREE RGBS he

cl eani ng stepnef sEHRi@3nHm @y w¥e=+ i ne, but the present invention is not
limted bg%the exanple, and it is possible to carry out the procedure tw ce

or more, aP@lPlrther three tines or nore. At that tine, in the HF cleaning

at the second tj Jater, .hf. & [ IS [ at, the

oxi de filn1forﬁggg%§a%ﬁ§ gzoﬁ&f@ﬁnﬁgggfgg?ggﬁbhgﬁgnQ?%%ggﬂ?gg%%kgfgthe

sem condutdngewafterme s foat @nhssoehyivenoved thut axpdet Df lmhert htbkness

t hereof is rgnained on the surface of the sem conductor f%%$ the particle
e effe

| evel at THBLGRT add of“Hhe SBR{-CORGYSTSI waf2tStan the ttfvel y
reduced sg bhataapnefteds ed1chB938], and it! madditEalseas endrethadef or
carrying out the HF cleaning by not entirely renoving the oxide filmformed
by the ozohatedwmterl clodanthg dmhidiensss f e afes hdiddriccoridugiveewaf er
but partially. remaining the thickness .thereof_pn th ur e of th
senicondug?%rtﬁﬁfkﬁ?a% %rb tE8rrie C%ht?gf%ﬁeefgﬁpeefiggnsh%r%gﬁing t he
cl eani ng shoetseot hat ither@ddderdd)l mis not entirely dissolved, whereas it
is not limted to the above- nentioned nethod. When it is possible
to suppl y[®@b7dr nore kinds of theHFcl eani ngsol uti onshavi ngdiff er ent
concentrations A0 t{ﬁa§ur%§ﬁ§,ofath§3§@ copdugtor Jwaf epe ascgRgeALrati on
of HF of the HF cl eaning ere a part of the thickness of the oxide filmis
remai ned on the surface of the sem conductor wafer nay be nade | ower than a
concentration of HF of the HF cleaning where the oxide filmforned on the
surface of the sem conduct or 5



wafer is entirely renoved.In this case, in the HF cl eaning where the
clearing is so carried out that a part of the thickness of the oxide film
is remai ned on the surface of the sem conductor wafer,if the concentration
of HF is made 0.1 wt%to 1.5 wt% there is neither the case where

di ssolution of the oxide filmto take tinme too |ong, nor the case where
control of the thickness becones difficult due to the tine for dissolving
t he oxi dewiikm Emgleooasitord, pea iar | Bopeefier riede Obzoowtssl vhkeEl eani ng
time and Egagggﬁentration of HF may be controlled sinmultaneously. [0030]
Al'so, in od for cleaning the sem conductor wafer of the present
inventionfooheneas it is not limted to the followng, if cleaning of the
sem conductor wafer is to be carried out by rep eatlngaalternatel y the

operation of subfeefingdt o-? hé HP cFeRAI ﬁéuéﬂpéw t AeCB26R4t et hRt BF

cl eani ng, b9rtH%t&¥b§¥99§tﬁgt$@t%ﬁd§ﬁ%%§fEh@fﬁGEetE%c@%déé&”%@91£“‘Ce or
nore, the metal inpurity level and the particle | evel of the surface of the
senlcondumsoprﬂéﬁeme@an be reduced nore effectively so it is preferred.

[ 0031] Af% §h1 §ibjecting to such a cleaning step, as showmn in Fig. 1(e),
the final "0zonated water cleaning is carried out to forma protective oxide
filmfor protecktnagHire sukfegcetdt the samMsondycted waher.ozonatedThen, as

shown in Fig. (f), the sem conductor wafer on which the above- nentloned
prot ect i vE2bRFdE eI aL hedht f dpheacnduarPéd "afea3xan Pe carpied the

above-mentj,eng 'E"ﬁeds‘i%@fég v?al”'fje} he-ozopnat £d watar gkeanijyg may be carried

out, for exanple, by a single wafer processing spin cleani'ng, whereas the

i nvent i on[P82Adt Ilnlted thereto. If the single wafer processing spin
cleaning is e of .t he .ozonat d ter cIe g and_the HF
cl eani ng, con?pt %f ﬁﬁ) %g rgglgﬁ 39'tﬁ%8 n,860§81ufpoﬂa id control

of the cl easkAgnyi nﬁqC&lﬂlebem@aﬁbHy £& I lc@.@a@ll.itng\/\/l thehi g ptecdstobr
I nci dental ly, when the above-nentioned HF cl eaning and the ozonated water
cl eani ng ¥Pec€art et duPTBY Sfite 7Yl el WAf €ATprit e8BPRGSSpih 1 REAPNg, it

i's prefer&ggegopggﬁeg@qnﬁe@ﬂ%ﬁuggggg %ﬁger subj ected to cleaning by spin
drying since it is nore efficlent. LES [ 0033] Hereinafter, the

present invention is explained specifically by referring to Exanples and

Conparatl e sent invention is not limted by these
Corpar at | ¥ e EXATRLeS DUl e A5
[0021]

As explained above, when the method for cleaning
the semiconductor wafer of the present invention 1is
employed, 1t 1is ©possible that the particles on the
surface of the semiconductor wafer can be effectively
and conveniently reduced, and further the metal impurity
level and the particle 1level of the surface of the

semiconductor wafer can be reduced simultaneously.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a flow chart showing an example of the
method for cleaning a semiconductor wafer of the present
invention.

Fig. 2 1is a view showing a graph of the particle

level at the surface of the wafer 1in Examples and



First, 15 wafers of silicon single crystal wafers having a dianeter of 300
mm and both surfaces of which are mrror polished to have cl ean surfaces
were prepared. Next, 3 wafers of the silicon single crystal wafers anong
the 15 wafers having clean surfaces were pulled out, and one of which was
subj ected to particle nmeasurenent by a wafer surface defect testing

equi pnent (Particle counter, LS-6800 (>41 nn) product of Hi tachi

H gh- Techf@olhbgirasicer goraatd v 6 Ekaninrsnawt e tihreheekrepd| Wef OB

cl eaning. _Ag giﬁgsgl.hﬁ%f t he measurenment, it could be found out that the
waf er par?l cle ve ef'ore the cleaning was good | evel of 100 particles or
| ess. Also, to exam ne concentrations of nmetal inpurities attached to the
surface before cleaning, 2 wafers thereof_ were subjected to vapor phase
deconposi BFoh UPPE ASEUCAREAINe 4T & tHEENEERN surface by HF vapor, and
then, therpebah inpurities on the wafer surface were recovered by HF liquid
drops, and neasurenent of the concentrations of the netal inpurities on the
waf er surface whsreanafedrout byhan | CRWNB&nal ¥oirs deviieeniAg a result of
t he neasur enent dcor%centrat' ons offrrettl (Al v Cr,ntFe, 'I’I}Iifé QJ and Zn)

i mpuriti e2°4t “PREUSPFace™ of “Fhe Viaf er Bef 0P & °ERE expéri TENt “Wer e Shown in
Tabl e 4, apglthacel emant geother bhanr&deweragdetect edg.[ 00354s one Next,

anong the prepared silicon single crystal wafers, other 2 wafers thereof
wer e subj @E2BHLE0OE| &% FFRAT SR F DnelubelBf, PEFE ShtasiUtEiRthtOBf 18he
particle |gveh;and.petal dyguyity level were carried out. First,

cl eaning of the above-nentioned 2 wafers of the silicon single crystal

waf ers wef@Ogairied out by the single wafer processing spin cleaning. At
this tinme, cl eaEmi ng,_vas carr.i eddoutt as shgwn 'g Tal%l e 1utv\hce%eathe
procedure of the bzohated Water Y Ean ny af f et Ot K& THF & Hant nig”Wak9r epeat ed
tw ce, anpbexitieefidred{nabyr aheonbde £l Mhéorpessontt hensuntasa of st he
silicon single crystal wafer was entirely renoved at the first time HF

cl eani ng, PapE24€%% he FtONdEEEMS (R TRIFUHFOE| #adierg, EanPExitfeEF i Fn f or ned
on the sugface; ofithy, si bihgony,singhe chystalomalier fyrthe,g9zonat ed wat er
cleaning was not entirely renovéd to remain a part of the thickness thereof
on the sustateonf thdesilicon senglenchystcal wedter [0086) from Abso, as

t he cl eanin congitio S, a ncentration of, HF-at the HF cl eaning where the
oxi de fi I‘Fﬁjlg]%o’tlﬂ Surt'acé cg%%isdeqsr?% C%Illldsii'lljl& (lalEc(reystal wafer was entirely
renoved waso1s50 wt % and a rotati on nunber of the wafer was 500 rpnf 15 sec,

a concentration of HF at the HF cleaning where the oxide filmon the
surface of the $¥¢RcoR si AGlReCEPFECACTnal BRERAs rehmi AERIEFEE of Ot he
thickness.hgrealf, was iy O W00 and.a Lokabien nunber gl the maf gnopas 500
rpm 3 sec, and a concentration of the ozonated water at the ozonated water
cl eani ng wasF10.ppm and a rotation nunber of the wafer was 500 rpm 15 sec.
[ 0037] IEmlci dent %gl Y. d he final Qzonat ed wat, ra%I.%ani v\q/vasirclarri ed
out to forma pr ot 2cti v&oxide ti PACRAI ceﬁi i D pr ot 8t "the’ SUTT ak€ of the
silicon srngle crystalswaterridbisoputher e nascsubstianbtabhy bew tApurities

such as organic materials, and the like, attached onto the surface of the

prepar ed FPRRBAISIHTGIST cF9stel waker hedGtthatari Pt TR atedRiat &F

cl eani ng for.rempvifg Lhe, ocgan.c batgrial s yas. ngt.¢arLiad oyt . 5R038]

2 wafers o ?he@% Ildi%%on gngl g%(l[:nrystaﬁ waf er's t%ug Subj ected to ?he

cl eani ng wwereodei edibyespilre driyeagingt Bfdecot atfi drhenunberaoéd 1880erpm 30
sec, and neasurenent of .a particle level and a netal_.i rit evel at the
st f ace. of SCRETHAFerR e CaiT TERtBAELEY 0 A e vEHTITStr TAE a8 act
testing egubpaeBRt and the |£Prd5 apabistsqdevwkeerwhcBaari@qt hessang as
those for measuring the particle |evel before subjecting to the cleaning.
The resul ¥8mavet kihe t9rEamke BRORA lied sSTablteaPhedabPe theaniFgce 20£] 0039]
(Exanpl e : e sidicon_single crystal ers . r in
Exanpl e 1%)13 Wal 618 e(?%%) \Wérfléars'ubféc{%g}?ect O‘Hél téTga I \rqggaSO%rrlgfél)(%ng bel ow,
and neasutlesentgahitthenpesticl e bevelnandsobsabnitdpdrlivt yatevehedere carri ed
out. [0049Ae prepared semiconductor wafer.

[0026]



As shown in Table 1, cleaning of the silicon single crystal wafer was
carried out in the sanme manner as in Exanple 1 except that the cl eaning was
carried out by repeating the ozonated water cleaning after the HE cl eaning
three tines, where the oxide filmformed on the surface of the silicon
single crystal wafer was entirely renoved at the first tinme HF cl eaning,
and in all the HF cleanings at the second tine or later, the oxide filmon
the surface of Whstsiliaon shaghe crystBigaaf erl B3 t hécozolthted water

cl eaning was.not entirely renoved to,r.emain, a_part, of th hi.ckness t her eof
on the SuFPResoBF e si IT6en o horeraryeral harertSanid WIEIERE, "ot
the partielleahevel @nsbtbhe et ablespuhigty devebtall thessuréasenohgt he
silicon single crystal wafer thus subjected to cleaning were carried out in
the same ﬁﬁ%n@? &3 SR Bt 1S TPedeEsul ts at this time are shown in

Table 2, Table g.and Fig.ciee [PO041Lc(BXAME 3, ATRBY the Silhgeonygi ngle

crystal wafers prepared in anple 1, 2 wafers thereof were subjected to
cl eani ng asementigonedh ibal ow, r amspoedsutendnt cdfearhienpart i Ele- | évdd )and

metal inpurity level were carried out. [0042 . hown_in.Table 1
CFeani ng OF (1S SPPPZER Mg Bit y S krridPor beR & rF 0 Hhut CRREERE sams
manner asouR , BExanpl €1dagxegpti st hadr thed cbeanisig miest car et obif Bye
repeating the ozonated water cleaning after the HF cleaning four tines,
wher e t het8krdecsisl m¥ of itd B Ahef 54Rf a6e M3 heedi PRcd'®i AFéaceryst al

waf er was_entirely renmy theskirst iy l.eani ng.apd Lnegll the HF
cleaningsoat%tﬁesféébn éﬁ%ﬁ?%r %g%er, t e%EXFFQSTH:anl?ﬁg gnga%e of the
silicon seagke forysicalomafter dyrfhecordnahed swatierorcdeand ngwads rnoty

entirely noved to repain part of the thickness ther.eof .on the surface
of the si%ﬁ?on%ﬁ?ﬁﬁ%@%ry¥?§eﬂwﬂ% €aning. Nbggﬁreﬁgﬁp%ﬁt%m% pgpficle

| evel andptBechlliral 4Hpuenty odnevel agbvehe sswdaceepbviRg sild cavtaingl e
crystal wafer thus subjected to cleaning were carried out in the sane
manner asiMRUEH&ARSISe 15ufRéciesiilts af rPRi s thte & SHown iaf Tabhe 2,

Tabl e 3 aQQmEEQnd%ctk904§Lf%QD”Bgr@h&yeﬂ@ﬁvﬂ%&%ﬂ%- carﬁ%éwmqgn;hﬁESilicon

single crystal wafers prepared in Exanple 1, 2 waters thereof were
subj ect edcteaclieani ngFasg . neintk Jonedibel oawy, &ed nessuveenedt tfe t beéaparticle

| evel and al inmpurity level. were carried out,. [0044 As _shown in
Table 1 PGkt hGoof CrEes 1ogh ST cryht ariGarar e hagScaPF! olitgur i n
the sanme pBRAEHnaASdtbrEXamter 1 excephet hatzdne & eanh hgrwasieaningd out by

repeating the ozonated water cleaning after the HF cl eaning tw ce, where
the oxi de (FRERPf of PEECORORAE Sur PEEE SR hBaSPIKi cohc3nhgPe T yEE&l- waf er

vas entirely)enavedaf @l ) LhRckECl@ANAGSse tne piRASULEFROL Qf, the

particle ' and the netal inpurity level at the surface of the silicon
singl e crybhél waf esutrtiesesubgeened tthe cbéatiengvinwere ddrer i pdroatles t he
sanme manner._as.in Exanple 1. The results at this time are shown .in Table 2,
Tabl e 3 aRASHIG Y (5042157 CoRPAP abT ve EXQRSIER)™C thLS ARBRESEHE i I 1 con
singl e crystalmawafer smprepared dve Exanpl enk gaweiens tikereofaverde

subj ected to cleaning as nentioned bel ow, and neasurenent of the particle

| evel andShefare wgurihy JeveFoneretear Frd@oan [po4sjmultaneously

reduced. Incidentally, the thickness of the oxide film
to be partially remained on a surface of the
semiconductor wafer at this time is not particularly
limited, and it may be a thickness which can
sufficiently protect the surface of the semiconductor
wafer. Also, the ozonated water cleaning of Fig. 1(c)
can be carried out in the same manner as the ozonated
water cleaning of Fig. 1(a).

[0027]



As shown in Table 1, cleaning of the silicon single crystal wafer was
carried out in the sanme manner as in Conparative Exanple 1 except that the
cl eaning was carried out by repeating the ozonated water cleaning after the
HF cl eaning three tines. Measurenent of the particle |evel and the
metal inpurity level at the surface of the silicon single crystal wafer

t hus subjected to cleaning were carried out in the sane nmanner as in

Exanpl e 1. The R&salt dnatthei §1tpie Hdr ecsdowhng n (Vablcé Xomadseoddand Fig.

2. [0047] _(Copparative Exanpl e 3) mong t si i B rystal
waf er s prgéar ed icrallelfxnalrrp er% ﬁ\%&if erlébt)ﬁerle%f gv]\ne/l;(afeasbuC\?é(;cr?éed !fgngijeani ng
as menti onedahehow,stasd freasdy elentcaofritdte patii clfe teweloxantk nei ah

impurity Level were carried out. [0048 As shown in Table 1, cleaning

] .
of the si FPEBRIsIHYl 1Rr yEFARRafer WAS S&MEU G h FRESSank® nhfiner  as

in Conpargti xgcExanp! & chaxaeptcfdabethe cheaning was, Carfd eg, ph by
repeating the ozonated water cleaning after the HF cleaning four tines.

Measur enmedf ohet berpgatridsiat deved fandcehebpemalrel memtainlevednarethe
surface of &r%usilicon singlg?c%éﬁ%ﬁl waf.er thus S%Qk%Pt qato c%eaning wer e

carried oGt"in trﬁéleérar?en Nenn lacnfbl%aﬁ.pfﬁe Fesults at thrs time

are shownotn thadbl eedi chaklie-thandgafieg. 2s [00484d[ Tabl end] &k eantsg
conditions 1st HF C eaning 2nd HF Cl eaning 3rd HF O eaning )
water cleaning cCarried out thereafter, and the particle
level is not degraded so it is preferred.
[0028]

Incidentally, in Fig. 1, an example of subjecting
to the cleaning step of HF/O3/HF only one time, but the
present invention 1s not limited by the example, and it
is possible to carry out the procedure twice or more,
and further three times or more. At that time, in the
HF cleaning at the second time or later, if the cleaning
is so carried out that the oxide film formed by the
ozonated water cleaning on the surface of the
semiconductor wafer 1is not entirely removed but a part
of the thickness thereof is remained on the surface of
the semiconductor wafer, the particle level at ’the
surface of the semiconductor wafer can be more
effectively reduced so it is preferred.

[0029]

In addition, as a method for carrying out the HF
cleaning by not entirely removing the oxide film formed
by the ozonated water cleaning on the surface of the
semiconductor wafer but partially remaining the
thickness thereof on the surface of the semiconductor
wafer, i1t may be carried out, for example, by shortening
the cleaning time so that the oxide film is not entirely

dissolved, whereas it is not limited to the above-



4th HF C eaning Exanple 1 HF ,03 (15sec) (15sec) HF -03 (3sec) (15sec)
Exanple 2 HF -03 (15sec)

mentioned method.

When it is possible to supply two or more kinds of
the HFE cleaning solutions having different
concentrations to the surface of the semiconductor wafer,
a concentration of HF of the HF cleaning where a part of
the thickness of the oxide film is remained on the
surface of the semiconductor wafer may be made lower
than a concentration of HF of the HF cleaning where the
oxide film formed on the surface of the semiconductor
wafer is entirely removed. In this case, in the HF
cleaning where the clearing 1is so carried out that a
part of the thickness of the oxide film is remained on
the surface of the semiconductor wafer, if the
concentration of HF is made 0.1 wt% to 1.5 wt%, there is
neither the case where dissolution of the oxide film to
take time too long, nor the case where control of the
thickness Dbecomes difficult due to the time for
dissclving the oxide film being too short, so it is
preferred. Of course, the c¢leaning time and the
concentration of HF may be controlled simultaneously.
[0030]

Also, in the method for cleaning the semiconductor
wafer of the present invention, whereas 1t 1s not
limited to the following, if cleaning‘ of the
semiconductor wafer is to be carried out by repeating
alternately the operation of subjecting to the HF
cleaning after the ozonated water cleaning, or to the
ozonated water cleaning after the HF cleaning twice or
more, the metal impurity level and the particle level of
the surface of the semiconductor wafer can be reduced
more effectively so it is preferred.

[0031]

After subjecting to such a cleaning step, as shown

10



(15sec) HF -.03 (3sec) (15sec) HF -03 (3sec) (15sec) Exanple 3 HF -03
(15sec) (15sec) HF ,03 (3sec)

in Fig. 1(e), the final ozonated water cleaning is
carried out to form a ©protective oxide film for
protecting the surface of the semiconductor wafer.

Then, as shown in Fig. 1(f), the semiconductor
wafer on which the above-mentioned protective oxide film
has been formed is dried.

[0032]

Here, the above-mentioned HF <cleaning and the
ozonated water cleaning may be carried out, for example,
by a single wafer processing spin cleaning, whereas the
invention is not limited thereto. If the single wafer
processing spin cleaning is employed, switching of the
ozonated water cleaning and the HF cleaning, control of
the concentration of the c¢leaning solution and control
of the cleaning time can be easily carried out with high
precision. Incidentally, when the above-mentioned HF
cleaning and the ozonated water cleaning are carried out
by the single wafer processing spin cleaning, it is
preferred to dry the semiconductor wafer subjected to

cleaning by spin drying since it is more efficient.

EXAMPLES
[0033]

Hereinafter, the present invention 1is explained
specifically by referring to Examples and Comparative
Examples, but the present invention is not limited by
these.

[0034]
(Example 1)

First, 15 wafers of silicon single crystal wafers
having a diameter of 300 mm and both surfaces of which
are mirror polished to have clean surfaces were prepared.

Next, 3 wafers of the silicon single crystal wafers

11



(15sec) HF -.03 (3sec) (15sec) HF -03 (3sec) (1l5sec) Conparative Exanple 1
HF -03 (15sec) (15sec) HF -03 (15sec) (15sec)

among the 15 wafers having clean surfaces were pulled
out, and one of which was subjected to ©particle
measurement by a wafer surface defect testing equipment
(Particle counter, LS-6800 (>41 nm) product of Hitachi
High-Technologies Corporation) to examine the particle
level before cleaning. As a result of the measurement,
it could be found out that the wafer particle level
before the cleaning was good level of 100 particles or
less. Also, to examine concentrations of metal
impurities attached to the surface before cleaning, 2
wafers thereof were subjected to vapor phase
decomposition of a natural oxide film at the wafer
surface by HF vapor, and then, the metal impurities on
the wafer surface were recovered by HF liquid drops, and
measurement of the concentrations of the metal
impurities on the wafer surface was carried out by an
ICP-MS analysis device. As a result of the measurement,
concentrations of metal (Al, Cr, Fe, Ni, Cu and Zn)
impurities at the surface of the wafer before the
experiment were shown in Table 4, and the elements other
than Cu were detected.

[0035]

Next, among the prepared silicon single crystal
wafers, other 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried out.

First, cleaning of the above-mentioned 2 wafers of
the silicon single crystal wafers were carried out by
the single wafer processing spin cleaning. At this time,
cleaning was carried out as shown in Table 1, where the
procedure of the ozonated water cleaning after the HF
cleaning was repeated twice, an oxide film (natural

oxide film) formed on the surface of the silicon single

12



Conparative Exanple 2 HF -03 (15sec) (15sec) HF -.03 (15sec) (15sec) HF -03
(15sec) (15sec)

crystal wafer was entirely removed at the first time HF
cleaning, and at the second time (final) HF cleaning, an
oxide film formed on the surface of the silicon single
crystal wafer by the ozonated water cleaning was not
entirely removed to remain a part of the thickness
thereof on the surface of the silicon single crystal
wafer.

[0036]

Also, as the cleaning conditions, a concentration
of HF at the HF cleaning where the oxide film on the
surface of the silicon single crystal wafer was entirely
removed was 1.0 wt% and a rotation number of the wafer
was 500 rpm/1l5 sec, a concentration of HF at the HF
cleaning where the oxide film on the surface of the
silicon single crystal wafer was remained a part of the
thickness thereof was 1.0 wt% and a rotation number of
the wafer was 500 rpm/3 sec, and a concentration of the
ozonated water at the ozonated water cleaning was 10 ppm
and a rotation number of the wafer was 500 rpm/15 sec.
[0037]

Incidentally, the final ozonated water cleaning
was carried out to form a protective oxide film which is
to protect the surface of the silicon single crystal
wafer. Also, there was substantially few impurities
such as organic materials, and the like, attached onto
the surface of the prepared silicon single crystal wafer,
so that first ozonated water cleaning for removing the
organic materials was not carried out.

[0038]

2 wafers of the silicon single crystal wafers thus
subjected to the cleaning were dried by spin drying with
a rotation number of 1500 rpm/30 sec, and measurement of

a particle 1level and a metal impurity level at the
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Conparative Exanple 3 HF -03 (15sec) (15sec) HF 3-403 (15sec) (15sec) HF
-03 (15sec) (1l5sec) HF -03 (15sec) (15sec)

surface of the wafer were carried out by using the wafer
surface defect testing equipment and the ICP-MS analysis
device which are the same as those for measuring the
particle level before subjecting to the cleaning. The
results at this time are shown in Table 2, Table 3 and
Fig. 2.

[0039]

(Example 2)

Among the silicon single crystal wafers prepared
in Example 1, 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried out.
[0040]

As shown 1n Table 1, <cleaning of the silicon
single crystal wafer was carried out in the same manner
as in Example 1 except that the cleaning was carried out
by repeating the ozonated wéter cleaning after the HF
cleaning three times, where the oxide film formed on the
surface of the silicon single crystal wafer was entirely
removed at the first time HF cleaning, and in all the HF
cleanings at the second time or later, the oxide film on
the surface of the silicon single crystal wafer by the
ozonated water <cleaning was not entirely removed to
remain a part of the thickness thereof on the surface of
the silicon single crystal wafer.

Measurement of the particle level and the metal
impurity 1level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Example 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.
[0041]

(Example 3)

Among the silicon single crystal wafers prepared

14



[ 0050] [Table 2] Exanple Conparative Exanple 2nd HF Cleaning 84 179 3rd HF
Cl eaning 92 261 4th HF d eani ng 57 278

in Example 1, 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried out.
[0042]

As shown 1in Table 1, <cleaning of the silicon
single crystal wafer was carried out in the same manner
as in Example 1 except that the cleaning was carried out
by repeating the ozonated water cleaning after the HF
cleaning four times, where the oxide film formed on the
surface of the silicon single crystal wafer was entirely
removed at the first time HF cleaning, and in all the HF
cleanings at the second time or later, the oxide film on
the surface of the silicon single crystal wafer by the
ozonated water cleaning was not entirely removed to
remain a part of the thickness thereof on the surface of
the silicon single crystal wafer.

Measurement of the particle level and the metal
impurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Example 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.
[0043] |
(Comparative Example 1)

Among the silicon single crystal wafers prepared
in Example 1, 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried out.
[0044]

As shown in Table 1, <cleaning of the silicon
single crystal wafer was carried out in the same manner
as in Example 1 except that the cleaning was carried out
by repeating the ozonated water cleaning after the HF

cleaning twice, where the oxide film formed on the
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Unit:

nunber [0051] [Table 3] deaning conditions Al Cr Fe NI Cu Zn

Exanmple 1 ND. ND. NND. NND. NND. N.D. Exanple 2

surface of the silicon single crystal wafer was entirely
removed at all the HF cleanings.

Measurement of the particle level and the metal
impurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Example 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.
[0045]

(Comparative Example 2)

Among the silicon single crystal wafers prepared
in Example 1, 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried out.
[0046]

As shown in Table 1, cleaning of the silicon
single crystal wafer was carried out in the same manner
as 1n Comparative Example 1 except that the cleaning was
carried out by repeating the ozonated water cleaning
after the HF cleaning three times.

Measurement of the particle level and the metal
impurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out 1n the same manner as in Example 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.
[0047]

(Comparative Example 3)

Among the silicon single crystal wafers prepared
in Example 1, 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried out.
[0048]

As shown in Table 1, cleaning of the silicon

single crystal wafer was carried out in the same manner
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N.D. NND. NND. ND. NND. ND. Exanple 3 NND. NND. ND. NND. N.D. N.D.
Conparative Exanple 1 NND. NND. N.D. N D.

as in Comparative Example 1 except that the cleaning was
carried out by repeating the ozonated water cleaning
after the HF cleaning four times.

Measurement of the particle level and the metal
impurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Example 1. The results at

this time are shown in Table 2, Table 3 and Fig. 2.

[0049]

[Table 1]

Cleaning l1st HF 2nd HF 3rd HF 4th HF

conditions Cleaning Cleaning Cleaning Cleaning
HF (15 sec) | HF (3 sec)

Example 1 | o (15 sec)|-0; (15 sec)
HF (15 sec) | HF (3 sec) HF (3 sec)

Example 2 1 5 (15 sec)|-05 (15 sec)|-05 (15 sec)

Example 3 HF (15 sec) HF (3 sec) HF (3 sec) HF (3 sec)

-03 (15 sec) |-03 (15 sec) |-03 (15 sec)|-05 (15 sec)
Comparative| HF (15 sec) | HF (15 sec)
Example 1 |-03 (15 sec) |-03 (15 sec)
Comparative| HF (15 sec) | HF (15 sec) |HF (15 sec)
Example 2 [-50; (15 sec) |-03 (15 sec) |[-03 (15 sec)
Comparative| HF (15 sec) |HF (15 sec) |HF (15 sec) |HF (15 sec)
Example 3 [-503 (15 sec)|-03 (15 sec) |-03 (15 sec)|-0;3 (15 sec)

[0050]
[Table 2]
Example Cogizigiive
Cizgniig 84 179
cfiiniig 92 261
Cleaning 57 278

Unit: number

[0051]
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N.D. N.D. Conparative Exanple 2 ND. ND. ND. NND. N.D. N. D. Conparative
Exanple 3 NND. ND. NND. NND. ND. N D. Lower

[Table 3]

Cleaning
conditions
Example 1
Example 2
Example 3
Comparative
Example 1
Comparative
Example 2
Comparative
Example 3
Lower
detection
limit
(x10%atoms/cm?)

[0052]
[Table 4]

Al Cr Fe Ni Cu Zn

Z |z|=z(=2

O |O|O|Oo
Z j21=2i=2
O |U|ojo
zZ 12|22
zZ |2=2(=
O |o|glo
zZ |=2i1=2(=
o |ojg|o

O |O|Tio
zZ |2|=2/=2

O |U|O|Oo

=
W)
Z
w)
=4
)
Z
@)
=4
w]
=1
o

Al Cr Fe Ni Cu Zn

Before
cleaning (1)
Before
cleaning (2)
Lower
detection
limit
(x10%atoms/cm?)

[0053]

1.00 0.10 0.50 0.05 N.D. 0.30

From the results of Examples and Comparative
Examples, when the cleaning was carried out by entirely
removing the oxide film formed on the surface of the
silicon single crystal wafer by all the HF cleanings as
in Comparative Examples, it can be understood that even
when the HF cleaning and the ozonated water cleaning are
repeated, the particle level of the surface of the
semiconductor wafer is not lowered but rather heightened.
However, in Examples, it can be understood that by the
HF ‘cleaning at the second time or later, a part of the
thickness of the oxide film is remained on the surface
of the semiconductor wafer, the surface of the
semiconductor wafer does not become a water-repellent

surface to which particles are 1likely adhered, and a
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detection linit (x108atons/cnm2) 0.01 0.01 0.01 0.01 0.01 0.01 [0052]
[Table 4] A O Fe N Cu Zn Bef ore

semiconductor wafer reduced in the particle level can be
obtained. Moreover, as shown in Table 3, in both of
Comparative Examples and Examples, wafer surface
concentrations of the metal impurities at the surface of
the wafer are all not detected (N.D.), in Examples, it
can be confirmed that a wafer surface with less metal
impurities concentration could be obtained even when a
part of the thickness of the oxide film is remained on
the surface of the semiconductor wafer by the HF
cleaning at the second time or later. That 1is,
according to the method for cleaning the semiconductor
wafer of the present invention, it can be understood
that the metal impurity level and the particle level on
the surface of the semiconductor wafer can be
simultaneously reduced.

[0054]

Incidentally, in Examples 1 to 3, cleaning was
carried out by remaining a part of the thickness of the
oxide film on the surface of the silicon single crystal
wafer by shortening the cleaning time of the HF cleaning
at the second time or later, and it may be carried out
by making the concentration of HF thereof lower than the
concentration of the first HF cleaning, or controlling
the cleaning time and the concentration of HF
simultaneously.

Also, 1in Example 2 and Example 3, cleaning was
carried out by remaining a part of the thickness of the
oxide film on the surface of the silicon single crystal
wafer in all the HF cleanings at the second time or
later, and in the respective Examples, the effects of
the present invention can be sufficiently obtained if
the cleaning is carried out by remaining a part of the

thickness of the oxide film on the surface of the
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cleaning(1l) 1.00 0.10 0.50 0.05 N.D. 0.30 Before cleaning(2) 0.90 0.11
0.30 0.08 N.D. 0.40 Lower detection limt (x108atons/cnR)

silicon single crystal wafer at the final HF cleaning

alone.

[0055]

It must be stated here that the present invention
is not restricted to the embodiments shown by Examples.
The embodiments shown by Examples are merely examples so
that any embodiments composed of substantially the same
technical concept as disclosed in the claims of the
present invention and expressing a similar effect are

included in the technical scope of the present invention.
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0.01 0.01 0.01 0.01 0.01 0.01 [0053] Fromthe results of Exanples
and Conparative Exanples, when the cleaning was carried out by entirely
removi ng the oxide filmforned on the surface of the silicon single crystal
wafer by all the HF cleanings as in Conparative Exanples, it can be

under stood that even when the HF cl eaning and the ozonated water cleaning
are repeated, the particle level of the surface of the sem conductor wafer
is not |owered but rather heightenedlAHd%ever, in Exanples, it can be
understood that by the HF cleaning at the second tine or later, a part of

t he thickness of the oxide filmis renmained on the surface of the

sem conduttor waf gerhbbhe S f ateanfinhe sedm tostact o6 rwalfase dogisi @t becone
a water-repellent surface to which particles are |ikely adhered, and a

sem condu€PBPTWafEér reduced in the particle | evel can be obtai ned. Mbreover,
as shown in Table.3,;h9 betboaf Genparat ive Exanpl es, and Exanp)gse paf er
surface concentrations of the netal inpurities at the surface of the wafer
are all noledetiegt edd( NED.QlLedmiExaimpl ekjisi brdam beé dedfst nete thamea waf er
surface wiith | ess netq% ingﬂgities concentrat.i o co%ldlbe obtaineg even
when a palECEF fhet P hi'ckness of e 8K d&EFiHMRT s PemaitAgd ont he"Sur f ace
of the semkenpduchber cwaferiy dhe sbmcteanugoat walfeseconshiing o5 |ater.
That is, according to the nmethod for cleaning the sem conductor wafer of
the preseRf FAVEAREFoRUE Lhédn e Uhterstool %ﬁé@eph@qnﬁeﬂu¥$ﬁﬁﬁi@§ | evel
and the p [ h age, o h ] d f.er n be
sinultanegﬁél§&$%gﬁ%§%gg?%%5§f§ﬂgg erlﬁg%dgﬁ?a g?giﬁﬁﬁggﬁgﬁgs %8?0 3,

cl eani ng sasicealyi eceroutedy arehrabni nerea par ta opathe dthi eknessclofieshe oxi de
filmon the surface the silicon_single crystal fer shortening the
Gl eani ng FRRESBE Phle ThE Gty B tHe SEEONAMEIASOor “Flear and it rmy. be
carried out by nmaking the concentration of HF thereof |ower than the
concentration of the first HF cleaning, or controlling the cleaning tinme
and the céncenttati oRCBROMF §PKul FaREEUSIy. @ sSenigEIcher ExawpPé 2 and
Exanpl & S, cCleanhgy (MRS CAI | 0 QUE Y of ST 4k e ArPAL! Ofcddle S gkness of
t he oxi de ?I mon-the surface of the silicon single crystal wafer 1n al

the HF cl eanfnags aif t heeseconiddndmeciorr | abder ansl enttire vespentied
Exanpl es, .the effects o he. present .invention can, be sufficiently_ obtained
Tt the ol BANGRE | ELERF [ FEd SHESBY Pertdl nihG STt of oEnd (CRIBLE of ¢ he
oxi de fil gr@ncbhausybirage frthe silicon single crystal wafer at the final
HF cl eani ng al one.

3. The method for cleaning a semiconductor wafer
according to claim 1 or 2, wherein-an oxide film formed
on a surface of the semiconductor wafer by the ozonated
water cleaning 1is not entirely removed and to remain a
part of a thickness thereof on the surface of the
semiconductor wafer in the HF cleaning at the second
time or later in the method for cleaning the

semiconductor wafer.

4. The method for cleaning a semiconductor wafer
according to any one of claims 1 to 3, wherein the
semiconductor wafer is subjected to cleaning by carrying
out the HF cleaning after the ozonated water cleaning or

carrying out the ozonated water cleaning after the HF
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[ 00551 It must be stated here that the present invention is not
restricted to the enbodi mrents shown by Exanpl es. The enbodi ments shown by
Exanpl es are nerely exanples so that any enbodi ments conposed of
substantially the same technical concept as disclosed in the clainms of the
present invention and expressing a simlar effect are included in the
technical scope of the present invention. CLAIM5S 1. A nethod for cleaning
a sem condbBeBiNHaf el Ghi EFOSeRprissess alternadelghi Agrseéss! ofwire
cl eani ng, 0z d ;wat cl i H ing.in this | east
one tine,oghgﬁg%% fﬁptﬁéeHF C éggiﬁgqbagggégﬁggthggt %%ﬁ%éﬁy%ﬁéfﬁéﬁ for
cl eani ng vh&esem conductor wafer, cleaning is so carried out that an oxide
filmfornmed on a surface of the sem conductor wafer by the ozonated water
is not entirely renoved and to remain a part of a thickness thereof on the
surface of.the seal coadHelor rvaf ekl eadinfhe amethed Jotded €8P NGz fer
sem conductor wafer according to claim1, wherein an oxide filmforned on a
surface oRCERAEJ3EAi cbAduehtr Makerofs ehetimel ylrehdved, i ivhdeetinrsea HF
cleaning LonLhecfethod Lor (& saninay2 gef Gogdyet of snalef i, Sy Jhggmet hod
for cleaning a sem conductor water according to claiml orlb, erein-an
oxi de filoléenied eheaecsutfeaace:iofe thelmsefbenaduehorn wafrefadyy dhetwzonat ed
wat er cleaning ia ngt entifely rempved and to remain a part of a thickness
CBHF

n
t her eof of*Th O& Jf2thk” Lahi EBRd AU Waf eMd5R % hELRRNdNGani fig at t he
second tifA®tOoEnkatenyi neihe dethed fOr-cheani pophhe saniLonducteLsyafer.
4. The nmethod for cleaning a sem conductor wafer according to any one of
clai ns 1 teeBeofihereithet kel rdare oriductors smi epnfscsabj @etfed -t o cl eani ng by
carrying out the HF cleaning after the ozonated water cleaning or carrying
out the ozonated water cleaning after the HF cleaning which procedure is
alternateby repiat edndéwhce ofonvpreleanthg net hednfiaroraleatdng wdeer
sem conductor wafer. 5. The nethod_for_cleaning a sem conductor wafer

accor di ng®to°any " 8net8f 2F4i n8"% tBf4, ChREFEi nta tBncent refFERIBF #F i s
made 0.1 wedetpttadivh%dn the HE chgapung,yher e sthepgyides film formed on a
surface of the sem conductor wafer by the ozonated water cleaning is not
entirely Tehdved ARe PEonairsich wa tsar tclbfamindi ckness thereof on the surface
of the sem conductor wafer. 6. The nethod for cleaning a sem conductor
waf er according to any one of clains 1 to 5 wherein a concentration of the
ozonat ed Wat er Tlse nadetBoppnfor noieanhnghe aozeratiebnbieroc! eanfag. 7.
The met hod for cleaning a sem con ughor waf er accordigg to any one_of
n

claims 1 $5°8 I0REr &i%h The RESCI §185d t hkoZonat Barfater a8 ehi ng of

tlhe sem condugt By Wafrel afgeCargigthif byaskngl e-vefernprocassingespin
Ccl eanl ng.
ng semiconductor wafer are carried out by single wafer

processing spin cleaning.
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