METHOD FOR CLEANING SILICON WAFER TECHNICAL FIELD
The present invention relates to a method for cleaning a silicon wafer, and
in particular, to a method for cleaning a silicon wafer, which cleans the
surfaces of a silicon wafer using SC-1 cleaning solution according to
standard clean 1 and rinses the silicon wafer surfaces, and then cleans
the silicon wafer surfaces using a predetermined cleaning solution and
rinses the silicon whfEd SFAEER K BErapaNflamMeMdBRm a oxide film
on the silicon wafer surfaces, thereby preventing haze contamination of
the silicon wafer surfaces by a simply process. BACKGROUND
Surfaces of silicon wafers may Je ' by various contaminants
during a wafer fabricating process or a semiconductor process for device
Integrﬂ{é%gghpg{%%lﬁ@{ ’r@‘lf;?e,rs %H@%e%%!‘?fgr l%g?nﬁ Ogesq}fp Q &%? Sretted a11t1 apeu'ticular,
clean room and a predetermined time passed, or after pac?<agede\iv§?ers
toneRRBbIPRedichage LOMIMNALoRVRaY Qe MAth ines Mﬂ%i&ﬁe&%%?%smg SC-1
to as time dependent haze (abbreviated to ITDH'). It is known that a main
clnaaiegiabaiusing dhitngapeseatiamination dsdarimetadh € BitonMefiab@aies, and then
components or moisture. These contaminants result in the reduced yield
clefrseticoitnctefed svitess Thofopesdathenifabribating lvaleisilicon sraferge silicon
a cleaning process is performed after a polishing processing using CMP
WeEH SHifechsNIst FRRR LA cPBR ) S wvRsdTibmcenity sdisreorrieicisiaces, thereby
devic.es,ha cleaning process.is performed after a unit semiconductor
DAY SRE88 &R PARRE RIS &?tg'rﬁ‘fﬁ%‘%feééuﬁogﬁ C8 AP PRI RIBFEEntration
of contaminants in wafers to a proper level. RCA (Radio Corporation
America) cleaning method is categorized as a wet cleaning technology,
and is widely used so far. Other glgafifg figtpds are suggested to solve
drawbacks of the RCA cleaning method. Typically, the RCA cleaning
methsarfaesfmgicohighttenper akicenieti PIRAasSs wsing: CoanMealm@fduring a wafer
strong acids and strong bases having high concentration, and consists of
falwigatteprostandascote el caltguo SG- brfde shoityamatistarid axdticialan ter silicon
(called "SC-2' for short). The standard clean 1 (SC-1) is performed at
Wﬁé?fﬁ)@fgguﬁgqgfl aBUEFSEE A urcher using and a predetermined time passed, or after

packaged wafers were shipped, haze contamination may occur with time, which is referred to as
time dependent haze (abbreviated to ‘TDH’). It is known that a main material causing the haze
contamination is a metal, environmental gas components or moisture. These contaminants result
in the reduced yield of semiconductor devices. Therefore, when fabricating bare silicon wafers, a
cleaning pfocess is performed after a polishing processing using CMP (Chemical Mechanical
Polishing) and when fabricating semiconductor devices, a cleaning process is performed after a
unit semiconductor process generating much contaminants, so as to control the concentration of
contaminants in wafers to a proper level.

RCA (Radio Corporation America) cleaning method is categorized as a wet cleaning

technology, and is widely used so far. Other cleaning methods are suggested to solve drawbacks



a mixed cleaning solution (hereinafter referred to as an "SC-1 cleaning
solution’) of ammonia water, hydrogen peroxide and DI (deionized) water.
The SC-1 performs oxidation of wafer surfaces by hydrogen peroxide and
fine etching of wafer surfaces by ammonia water simultaneously and
repeatedly to remove organic contaminants and metallic impurities (Au,
Ag, Cu, Ni, Cd, Zn, Co or Cr) from the wafer surfaces. The standard clean
%@- ié%ﬁém&t temperature of about 75 to about 85C using a

mixed.cleanjng, solyti ereinafter, referred to as an 'SC-2 cleaning i
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contaminants in the ambient environment, attached to wafer surfaces,

make the svaliersudacesdudiap paliemandialiaptheinalenis stosed aha@e®0 ¢ using

contamination occurs with time. And, haze contamination occurs due to
Alifieangeminstempeaigke anghueTidiad b atmespieie deke WRIRISH & f ammonia
located. As the differences are larger, haze contamination occurs more
veasilyhyineyaf greroitiis: knowiDltiddiattachinventof tentaminpafsrtnstbeidaies of wafer
surfaces can be prevented by making and keeping the wafer surfaces

SHyfdeepHilic bydrogemitperonidrd g hre thrichilicor ivafefe s unisfeess becomenonia  water
hydrophilic, the silicon wafer surfaces are stabilized. When the silicon

A SA R AR SRS SRR RIOSERRIB A IRV At Ak mesalipigprpriiics (Au, Ag,

r impurjties are at d to the silicon wafer surfaces before a O(Iga%ter a
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L, tudi ve be de.to explain, various causes and route of
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ti eraepeeﬁden(%%aze.OFaor0 ‘éxamplg?]ﬁﬁﬁaﬁnﬁ%%e%aﬁgﬁl i%%??é%n oe.rem“'Iter referred to
92:341168 suggests a technigue to prevent the fime dependent haze. i
R i B D PN B Sater. e s
aHRSralkie deionized watenapthispRinpyhalcohn! yaploAnd MeBSIOrM(oH), or
in an inactive atmosphere such as nitrogen or argon. However, this results
Znaicpmplieaiethiposessnaceidentsaanardbyadigh temperature

process, and organic contamination and haze generation due to isopropyl
alcohdins or #gatesceibeithalbovesfifr REAcieaningtmatiaad petformadeanenvironment,
silicon wafer surfaces and techniques suggested to solve drawbacks of
afsRER Halshimirsethbaksrbesedersedasinaisephabitarmhalies Peovafr is stored,
on silicon wafer surfaces may be removed or surface roughness of silicon
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cleaning solution is.used. so that after a cleaning process,.a )
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cleaning process should be performed at high temperature, resulting in
HIEONSIBNIHRBO LA PRREHERE RNEUSeS Adagfianas a5 Jeaniithydrophilic.
solution to increase process costs. In addition, a portion of metallic
impuritiesiremovés by¢haleledining patoess v attbalvac thydiliphilivatersilicon wafer
again and acts as contaminants. Attempts have been continuously
SYREeRS i et bidiate dihetoug et wattnvertices metiddlfordcibamikainood that various
silicon wafer to prevent contamination that may occur to the surfaces of
KHh St fiaPe P ERBIE HRt At achidaling SpPticsss wHer riygigces before and after a
C{:eoniami%%teigsr}strrgal}urggl A gctggrregvitbegrpe |tr}11 the.case Ion%-term1 storage,
and the present inventon was devieegrunder SRR 4 tedhiea ¢'ean
environment. SUMMARY The present invention is designed to prevent
contamination that may occur to silicon



wafers before and after a cleaning process, and haze contamination that

may occur to the surfaces of silicon wafers with time in the case that the

silicon wafers should be stored for a predetermined time. And, the present
invention is designed to solve the problem of the prior art, i.e. a

complicated and dangerous process. Therefore, it is an object of the

present invention to provide a method of cleaning a silicon wafer, capable

of fulfidlingthese teehnical %rQ§plain Jaigehieve.the,abauespentl @ndent haze. For
object, a method for cleaning a silicon wafer according to an embodiment
ebitiigepragentrinventigpliosiedes ( Sdd B slaaingesdstace s afmqaiconpwatat the time
using an SC-1 cleaning solution according to standard clean 1; (S 12)
dipsidgnthesurfacesioithe SitiguiowatersidleamediersheesteprSstd bigihggh temperature
deionized water; (S13) cleaning the surfaces of the silicon wafer rinsed in

dtiensted 'sier ardniscareyAminehebNmoR ik Ubig ey e el Hadiel 2BpeTbere such as
water and deionized water; (S14) rinsing the surfaces of the sjlicon wafer )
nROSHRATIHR St S (R GO ATz 8 P HBREFALPIREST dridgniRgaused by a high
tg’ unceafceSeOfr(t)rclee Sigg nrwaf%rcgrq Sednigitheaggai?azsel%ne at'opr fegablg t(l;l & 1 alcohol
srflé)p BY5 iR perﬁ%rmea fitife aptﬁf)rﬁlng UltraSonic vibration to the cie Fm% '
solution TheftaLGieenipkealtionaccaring 1R HRRda 480 A ih&urfaces and

step 511 includes ammonium hydroxide, hydrogen peroxide and

tepingizedwaiaedRrseferabiya e REvhen yte Aydeaxisle dsinsdugdedswithh & ombination,

concentration between 2 and 20% based on weight of the deionized

cnatetirand thesdny diogitingperatidsusanal usledbeitbna eaheenirfitiomoughness of silicon
between 4 and 20% based on weight of the deionized water. Preferably,

whiss| e he istene i Sin th yresfo irmed var tarrfyeratinedostyne ehobBrng ®ution is used,
C, during 3 to 10 minutes. In the cleaning solution of SI3, the hydrochloric
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on weight of the d(?io izeg water. Preferably, the cleani%%rstﬁ‘gtgf S13is
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concentration between 1 and 20 ppm on the water. A
imethad far sleaning @ siliao Watak_eCopinRgsto-anethe.emRedimestieh of metallic

the present
impurities removed by the cleaning process is attached to silicon wafers again and acts as
contaminants.
Attempts have been continuously made in the related art to suggest an inventive method
for cleaning a silicon wafer to prevent contamination that may occur to the surfaces of the silicon
wafer before and after a cleaning process and haze contamination that may occur with time in the

case of long-term storage, and the present invention was devised under such a technical

environment.

SUMMARY

The present invention is designed to prevent contamination that may occur to silicon



invention includes (521) cleaning surfaces of a silicon wafer using an

SC-1 cleaning solution according to standard clean 1; (522) rinsing the

surfaces of the silicon wafer cleaned in the step 521 using deionized

water; (523) cleaning the surfaces of the silicon wafer rinsed in the step

522 using an SC-2 cleaning solution according to standard clean 2; (524)
wilisin@dheesuifineasrof thieasihgoprivater algahed incthendiep ®2haisingy occur to the

deionized water; (525) cleaning the surfaces of the silicon wafer rinsed in
stinectepfSitusingozongviaerin SR6yainghay tresdindacesio thiweifidenstored for a
wafer cleaned in the step 525 using deionized water; and (S27) drying the

pasrlfiseminst thmesifielntisaterfHIBLER aRe Stsp EoB o solvpriaegeohiem of the prior art,

. Cleaning solution according to stand d cI an linthe includes.
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hydr%@@&%@@@aﬁowmgﬁgmma&qngmmwﬁg ésﬁmmﬁer according
based on weight of the deionized water. Preferably, the cleaning step of

1524 isnpotierrmesrahdasrperatuietieeendl as1d BOcasiupingrdtes1dF a silicon wafer
minutes. The SC-2 cleaning solution according to standard clean 2 in the

ustep 8230 richiides pypdradhicricoadiog hydrogen peroxidéSaalrdeiopitedsurfaces of the
water. Preferably, the hydrochloric acid is included with a concentration

shisepesrfrCrispred dushsasern] DH weighdoprve Rtz el Watlrriithsesurfaces of the
hydrogen peroxide is included with a concentration between 10 and 40%

sﬂggadvaﬁwa}&ﬂt1aftméta@|%mzl§a%@?awfé?gw fﬂ&l‘&‘ié%‘i’ﬁ@rgfélbofif acid, ozone
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reference to the accompanying drawings. Prior to the description, it
shoulgbeupgersiaas thes thedatmsuses inatheyspecification apddbe to the cleaning
appended claims should not be construed as limited to general and
sdictionalheng@ningsning wletjpretedddsgdontthéandedeings anthesnpeptsd includes
corresponding to technical aspects of the present invention on the basis of
athepHpciphedivaidbelindosmr pealicdednd él@'ﬁniéeférw@eapﬁreﬁsrpépﬂmy%r ammonium
the best explanation. FIG. |'is a flow chart illustrating a method fo

hyrdsaiif & iStieded wakep aee%ﬁ%a% beivesboaithehtdritie B?e”%%‘ﬁlﬁ‘t of the deionized

In%entlodn Ifilr(é; 62 :;?e? g%\évlcqgg u e%tra&nagc%nr%%qra %r]; ! %%rrll IQ %tnad 20% based on
oA ARE MAE g 1o another embodimen & presentinvert

e %h?dk‘%ﬁé@%%ﬁ@@@&@pﬁééw”&4@1—%&9&“&&@8@5@1 silicerravatars: Qfmperature

examples | and 2 according to the present invention and a comparative

HREABR!SH and §be: ‘édﬁ@‘?‘t@%&fﬁ}fc@ h@%‘%@i&ﬁ?&ﬁ&&@%@m& the hydrochloric

analysis graph illustrating chemical bonds on the surfaces of the silicon
aWQf%r%@(fé%@)%mgdzﬁﬂg e LUNPAIAIVEGXAMPIEd 10% based on weight of the
deionized water. Preferably, the cleaning step of S13 is performed at temperature between 20 and
30C during 3 to 10 minutes. Preferably, ozone included in the cleaning solution of S13 has a
concentration between 1 and 20 ppm based on the deionized water.

A method for cleaning a silicon wafer according to another embodiment of the present



DETAILED DESCRIPTION Hereinafter, preferred embodiments of the
present invention will be described in detail with reference to the
accompanying drawings. Prior to the description, it should be understood
that the terms used in the specification and the appended claims should
not be construed as limited to general and dictionary meanings, hut
.interp()rete%@&ze@2 n the meanings angi co ceﬁts corres ondi

t
ivention eanung surtaces a silic afer. usihg, an #g;-g eaning solution
Iilerf‘lﬂ'llCa aspects o )tﬁe present invention on the pasis o %he pri |§I1e2¥ﬁl§%

a'cQSrH?ME %%Aﬁd@lj@x\{?ﬁfﬂ ﬁﬁﬂl%k%mi t%@@ﬁ?i?@&t%kytﬁgrsf jceog %?gf r cleaned in the step

explanation. Example method for cleaning a silicon wafer

2e6RIEING:{hBREMRediment REENE MESBALIAVENIERI RESFORNNS BRI the step S22

to SI 5 in sequence, and is described with reference to FIG I. FIG. 1is
udiflpun S dlesthating sisneihoeiios eleamingacsiiaon WalorasctqraivGltfaces of the
an embodiment of the present invention. First, the surfaces of a
sdilicornvwafalareCledhediesivilp ani8Cdti oleaningtsol (R ceeoimirthetourfaces of the
standard clean 1 (511). The SC-I cleaning solution according to standard
stieath WaFEHEE prshe SRR RAde s iim ARV AU ENHY a ibg sHTegs g ene silicon
and deionized water. Preferably, the ammonium h%droxide is included with

RIEOHEBRTFRIOR DU EEN RRG D09 BhEo R Efght GRiRE tsiHizses of the silicon
vﬁ!ﬁtreﬁn%lﬂ r’gq%%%cérgggn peroxide is included with a concentration
%0

etween 4 an ased on weight of the deionized water. Preferably,

the clegpirg SteR.afind Lis.perornsdial tempeiaidre Baiwveen al and 81 includes

during 3 to 10 minutes. In this embodiment, a weight ratio between
aBIMIBIO RN Mylkdyshis|dey dygeogerpaioxide anddaionized. watgerisBdjustednmonium
to 1:1:5, and the cleaning step of Sll is performed at temperature of 60"C
holdmired® imimitdsd Hid @ dcolganimgsohation iedikaliband comwesiveofahd deionized
removes particles and organics very well. The surfaces of the silicon wafer
wagarfed trahedseepngiparadsrisder lidhgigiorioeeswiaton (stpyen 4 and 20% based on

weight of the deionized water. Preferably, the cleaning step of S21 is performed at temperature
between 50 and 80C during 3 to 10 minutes. The SC-2 cleaning solution according to standard
clean 2 in the step S23 includes hydrochloric acid, hydrogen peroxide and deionized water.
Preferably, the hydrochloric acid is included with a concentration between 10 and 40% based on
weight of the deionized water, and the hydrogen peroxide is included with a concentration
between 10 and 40% based on weight of the deionized water. Preferably, the cleaning step of S23

is performed at temperature between 50 and 80 C during 3 to 10 minutes.

BRIEF DESCRIPTION OF THE DRAWINGS
Hereinafter, preferred embodiments of the present invention will be described in detail
with reference to the accompanying drawings. Prior to the description, it should be understood

that the terms used in the specification and the appended claims should not be construed as



The surfaces of the silicon wafer rinsed in the step S12 are cleaned using
a cleaning solution including hydrochloric acid, ozone water and deionized
water (513). In the cleaning solution of S13, the hydrochloric acid is
preferably included with a concentration between 1 and 10% based on
weight of the deionized water. Preferably, the cleaning step of S13 is

1i81‘?1ref?°%n 9 S ISMPRAINS PEWERDLB AN S0 W HAL A 40 40 MUAMIES-and concepts

Preferably, ozone included in the Cleaning solution of S13 has a
cSOREBRLIALN ayesndRnd SORppIRasadeRihe deirnized Wale phi@ple that the
cleaning step of 513 can remove metals attached to the silicon wafer, and
ifesiai oxige il ak geogd myckppbilicapriofertiidbs texpizoagodn this
embodiment, a weight ratio between hydrochloric acid and deionized
waterfiadljissteth vo B0 jlantiatescloaningl e bh818 dsspiedonméd agcording to an
20'C during 5 minutes. Through the cleaning step of S13, a stable oxide
chfpAdETIIFRE O PF PR SIIMIEES of the silicon wafer to prevent attachment of
external contamjnants and generation of time dependent haze. At this .
time, PieerabR, IFasiiic IS & BSHiReH es ﬁ#%”%‘i‘&a%iﬁécé’Sll)*fF‘éﬁfiﬁ“’ordmg to
tQ&ste SOﬁmg\r@io ﬁgn roves a cI(?%Qing performance. The oxide film

er emb TeSE, vi:nx . .
orme e surfaces of the silicon wafer is caused by the ozone water,

and o 8 *?MQ&&%&%@SQ@ sﬂgg/iﬁg rHa‘E@%eHéﬁ%dl r@o“%@i&@}?%v&'@é}_g t@ﬁexamples 1
concentration of ozone is less than the above-mentioned minimum, it is

ah@} prelediedibacapiseanBkilify tadarm anpamdefdradgpiasufficient, and
consequently particles may be attached to the surfaces of the silicon
waferfdGatisate XRarkdaray e crdeteon v pesuibsepyjemtsjingapiodsgating chemical
thereby resulting in deterioration of the surfaces of silicon wafer. In the

beadseoththettislaess ob itheatiberpiiion ol shp aranalsovenmBatoRea raNg £XamBle-
preferred because the oxide film is uniformly formed on the surfaces of
silicon wafer, the oxide film makes the silicon wafer surfaces hydrophilic,

and perfect bonds having le ' hydrogen bonds are
formed on the surfaces of th?eiél |cor$%\§g§8ﬂ$ﬁi%gg]surfaces of the silicon

wafergleanad in the stap.513 Arg.rinsad s G daiANZRhWART 684 kcribed in detail

Finally, the surfaces of the silicon wafer rinsed in the step 514 are dried

wirl RN accomPamgHaogt Qi plearing @ siicardnpfiohatckdingbiounderstood

another embodiment of the present invention performs steps 521 to 527 in
tlgg queneeyanddsitleseripedwithore texk tice 4ppPi@ad2ciaims BHBuld isoa Howonstrued as
chart illustrating a method for cleaning a silicon wafer according to another
ligrigbtlireerst dfatedinéerany imeaningp. but infinerejadfheted on hsikeeniopgapd concepts

are cleaned usingn?n SC-1 cleaning solution accordin%to standard clean |
c?ggﬂ).ondmg to technical aspects of the present invention on the basis of the principle that the

inventor is allowed to define terms appropriately for the best explanation.

Example |

A method for cleaning a silicon wafer according to an embodiment of the present
invention performs steps S11 to S15 in sequence, and is described with reference to FIG. 1.

FIG. 1 is a flow chart illustrating a method for cleaning a silicon wafer according to an

embodiment of the present invention.



The SC-1 cleaning solution according to standard clean | in the step S21

includes ammonium hydroxide, hydrogen peroxide and deionized water.
Preferably, the ammonium hydroxide is included with a concentration

between 2 and 20% based on weight of the deionized water, and the

hydrogen peroxide is included with a concentration between 4 and 20%

basegd. eight.of the deignized water. Preferably, the cleaning step of .
S21 i%%grf\g?mgé}g %tefe%fg%rg?ﬁcf.en bg%ée%%ﬁﬁgﬁggoufla%rﬁﬁ]g%8'[% fgranne s olution

M&HM@%M@&@&B&Q §t®q 19f el S%-SﬂQl@%&%@éﬂl@c‘ééﬁﬂéﬂl?s%mﬁ%% clean 1 in

its description is omitted. The surfaces of the silicon wafer cleaned in the
theteppSA1 aktudesashmsiignseiarizerd WatRsdsgdroxidelhe sBURCEes Whthepreferably,
silicon wafer rinsed in the step S22 are cleaned using an SC-2 cleaning
thselutiomiaccbydmgide stamdatel clétmn 2(S28)alibe BGv2-aleanihgosoltion on weight
according to standard clean 2 in the step S23 includes hydrochloric acid,
ohigrdrienjseronide ant Heibrimsdnnstexify éfdrabiiedheitye oeisotietigicbetween 4
is included with a concentration between 10 and 40% based on weight of

e i i Wattsr 2ah OrBengtirsie peskidestiabiuda witknipe step of SII is

C nceggjation between 10 and 40% ba§$2ed on weight of the deionized

PHSEBIC P IEPRET) e B%r g L S So S8 PR AR s Jar s gmbodiment, a

befween 50 and 80C during, 3 to 10 minutes. The cleaning step, of S23

VRGNS H CRFGHER, e LBHEeBIRRHY T ehivesatatic cottaifsees ater is adjusted
eposited on the surfaces qf the silicon wafer. In this empodiment, the |

togldlggén ?gttlgr?%?rﬁ%r%%ﬂgncﬁalgi e|rs{:0a j%ljgs?ééﬁ W§Wfﬁﬁ£€:@§%i§)ﬁlwtes' The

S@Xdrl%%%ﬂ ero ide. is di'uste to 31%, an&j the cIeaninglste of S23 is 1
per orme&p at ?elr%lbgr%\%arlecg? OF UG B minutes’ FHE St fAe SLs8p e ey well
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(S24). The surfaces of the silicon wafer rinsed in the step S24 are
(S¢tlsaned using ozone water

The surfaces of the silicon wafer rinsed in the step S12 are cleaned using a cleaning
solution including hydrochloric acid, ozone water and deionized water (S13). In the cleaning
solution of S13, the hydrochloric acid is preferably included with a concentration between 1 and
10% based on weight of the deionized water. Preferably, the cleaning step of S13 is performed at

temperature between 20 and 30C during 3 to 10 minutes. Preferably, ozone included in the

cleaning solution of S13 has a concentration between 1 and 20 ppm based on the deionized water.
The cleaning step of S13 can remove metals attached to the silicon wafer, and form a oxide film
of good hydrophilic property due to ozone. In this embodiment, a weight ratio between
hydrochloric acid and deionized water is adjusted to 1:50, and the cleaning step of S13 is

performed at 20°C during 5 minutes. Through the cleaning step of S13, a stable oxide film is

formed on the surfaces of the silicon wafer to prevent attachment of external contaminants and

generation of time dependent haze. At this time, preferably ultrasonic vibration is applied to the



(S25). Preferably, the cleaning step of S25 is performed by soaking the
silicon wafer into a chemical tank containing ozone water including ozone
and deionized water. The surfaces of the silicon wafer cleaned in the step
S25 are rinsed using de ionized water (S26). Finally, the surfaces of the
silicon wafer rinsed in the step S26 are dried (S27). Comparative
example A silicon wafer is cleaned by a typical RCA cleaning
clmethpdolthat i; tihe silipofil liaferids clepnedsusingaing Getfateaniag The oxide film
solution and an SC-2 cleaning solution in sequence. FIG. 3 illustrates
fppstoatahh s heriny ez elirmeradst o silleoh Watkr Pefnsxaniplesnd anehe having
2 according to the present invention and a comparative example.

R VPAErS REEhYAAEETrdih o fiE EiinParSEvES BiatinpIe” fanthés less than the

examples 1dsnd 2.were arran ed at thedc%nter of a bo |n a stdg%ere

RanRGR ae S hdistort ivaS KSR BAX VgL oSl o oxide film e

«SomplaieyseaiedAodipiagadin ag%%%gagnaodwmg g‘h QIS %ﬂ% 10 water or a
degree of haze was detected with 1.1.,S (Localized Light Scatterer
waheiHinfalGeSora¥@Sn a subsequent drymg process, thereby resulting in deterioration of
the surfaces of silicon wafer. In the case that the concentration of ozone is in the above-
mentioned range, it is preferred because the oxide film is uniformly formed on the surfaces of
silicon wafer, the oxide film makes the silicon wafer surfaces hydrophilic, and perfect bonds
having less oxygen vacancies or hydrogen bonds are formed on the surfaces of the silicon wafer.

The surfaces of the silicon wafer cleaned in the step S13 are rinsed using deionized water

(S14). Finally, the surfaces of the silicon wafer rinsed in the step S14 are dried (S15).

Example 2

A method for cleaning a silicon wafer according to another embodiment of the present
invention performs steps S21 to S27 in sequence, and is described with reference to FIG. 2.

FIG. 2 is a flow chart illustrating a method for cleaning a silicon wafer according to
another embodiment of the present invention.

Thé surfaces of a silicon wafer are cleaned using an SC-1 cleaning solution according to
standard clean 1 (S21).

The SC-1 cleaning solution according to standard clean 1 in the step S21 includes
ammonium hydroxide, hydrogen peroxide and deionized water. Preferably, the ammonium
hydroxide is included with a concentration between 2 and 20% based on weight of the deionized

water, and the hydrogen peroxide is included with a concentration between 4 and 20% based on



found that particles of 0.12fan or more were attached to the silicon wafer
of the comparative example, and haze occurred to the silicon wafers of
the examples 1 and 2 relatively less than the comparative example.
FIG. 4 is an XPS analysis graph that explains evaluation of a difference in
bond density of silicon and oxygen between oxide films formed according
wiadhie PaMeIS, . and e SAPAIRIE MRl IOHIRXES. a0alVSls A ihperature
iliUstrates chemical bonds on the Surfaces of the silicon watdre of the
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Si-Si and Si-0 in the comparative example and the exrfmple were

e%ﬁgvgdd&; @gé%gdgqgg%%gg the X-axis of the graph. Rdlerring to

FIG. 4, the silicon wafer of the example 2 has an oxide film formed by an
ozongRy ecessandib e sliconwater pkthg %@@ﬁréﬁiygf@m@%ﬁlﬁsn@d@f&mzed water
oxide film that is not fotuied by an ozone process. The Si-Si peak and Si-0
(§9ak of each oxide film were observed. The intensity of Si-Si peak of the
example 2 was relatively lower than that of the comparative example, but
there Masswétawooathe difforencdan imtedsity thé Sidd Rk aherhetdesing an SC-2
Meanwhile, the bond strength of Si02 in an oxide film can be inferred
clpigrs At AcratbngT o dr S RITPeAKS S hréheat SR Sigsaine miustenvepcording to
in FIG. 4, an are rati%_%e example 2 was higher than that of the o
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bdhat Baza.agruedHo hs.spmParalye Hample ja-aeke he.cuace oiihe: win a
oxide film unstable, or that after an RCA cleaning process, an edge
cpoetioatehthetexide ilmndecsn diestahlevaghingg pRSEEEnWRICKater. Preferably, the
generated haze. Therefore, it was found that the oxide film formed by an
cleong pepcdsR accoedingtd theeprpsentrénventan ftagha kidh stability @100 minutes.
prevented re-attachment of contaminant particles. The oxide film served
Tlaes depratective SIM20f thensufakiesidd, thedsdieergwaiey terpsesenietallic contaminants
impurities from attaching to the surfaces of the silicon wafer, thereby
depesiiciingra Siticoraveserthivdng!ivigh ya&litysutfécesibodiniesutts, thecentration of
present invention forms a stgtble oxide film on the surfaces of a silicon
bygaeh ot hatBaHAIRYG d e rangokriiomef RBfmesir acide dmdiysted to 31%,
LPracess is.é)erfoméed. Therefore, }groblem that as time passes, external
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by a simple and safe process. It should be understood thatthe
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various changes and modifications within the spirit and scope of the
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escription.
(S25). Preferably, the cleaning step of S25 is performed by soaking the silicon wafer into a

chemical tank containing ozone water including ozone and deionized water.
The surfaces of the silicon wafer cleaned in the step S25 are rinsed using deionized water

(526). Finally, the surfaces of the silicon wafer rinsed in the step $26 are dried (S27).



MCSUP What is claimed is: I.A method for cleaning a silicon wafer,

comprising: (S11) cleaning surfaces of a silicon wafer using an

SC-1 cleaning solution 5according to standard clean 1; (S12) rinsing

the surfaces of the silicon wafer cleaned in the step Si 1 using deionized

water; (5I3) cleanlng the surfaces of the silicon wafer rinsed in the step
fnpaatieaeiagiEelution including hydrochloric acid, ozone and

delonlzed Water 10(S14) rinsing the surfaces of the silicon wafer cleaned

in the/stiljs sl iaisAissd Waiet Bhé esmy Gt tHe Lo stifRn wafer is

S|I|con wafer régs?d in the stﬁ?1 814d an §C-5c method for cleaning a

eaned usin o1 an eaning solution 1n sequence.
IS AP 3CCOTRY 18 Saihel: & S0 sed

o

FIG. 3 illustrates photographs showing haze generated to silicon wafers of examples 1
and 2 according to the present invention and a comparative example.
Silicon wafers cleaned according to the comparative example and the examples 1 and 2

were arranged at the center of a box in a staggered manner, and 0.5m¢ of moisture was added.

The box was closed, completely sealed and placed in a clean room during 36 hours, and the
degree of haze was detected with LLS (Localized Light Scatterer). As shown in FIG 3, it was

found that particles of 0.12/m or more were attached to the silicon wafer of the comparative

example, and haze occurred to the silicon wafers of the examples 1 and 2 relatively less than the
comparative example.

FIG. 4 is an XPS analysis graph that explains evaluation of a difference in bond density
of silicon and oxygen between oxide films formed according to the example 2 and the
comparative example through XPS analysis, and illustrates chemical bonds on the surfaces of the
silicon wafers of the example 2 and the comparative example. The peaks of binding energy of Si-
Si and Si-O in the comparative example and the example 2 were observed at the same location
on the X-axis of the graph.

Referring to FIG 4, the silicon wafer of the example 2 has an oxide film formed by an
ozone process and the silicon wafer of the comparative example has an oxide film that is not
formed by an ozone process. The Si-Si peak and Si-O peak of each oxide film were observed.
The intensity of Si-Si peak of the example 2 was relatively lower than that of the comparative
example, but there was not too large difference in intensity of Si-O peak therebetween.

Meanwhile, the bond strength of SiO2 in an oxide film can be inferred though an area ratio of

10



15wherein the step 513 is performed while applying ultrasonic vibration to

the cleaning solution. 3. The method for cleaning a silicon wafer

according to claim 1 or 2, wherein the SC-1 cleaning solution according to

standard clean 1 in the step SlI 20 includes ammonium hydroxide,

hydrogen peroxide and deionized water, wherein the ammonium

hydroxide is included with a concentration between 2 and 20% based on
afiaRi Rt St Hsakdeisrz et Sivatarcaind s shavivereii thé. rpdrsgentiperdstidexsmple 2 was

included with a concentration between 4 and 20% based on weight of the
h’é}@ﬁ‘jﬁ R ethe compaiiy el Sol haesdondt & anikond bt s sl fer of the

clai r2,.MCS11.P herej ecleani_gr?enf fSllis _

© p%r} 2?2e%%ta tglra%eérsg?ﬁgesgg?\#ge% %Q%\EEH] g ’&3 i é {871 gl comparative
e)@nmg method for cleaning a silicon wafer according to claim 1 or 2,

According to the results, it was analyzed that haze occurred to the comparative example
to make the surface of the oxide film unstable, or that after an RCA cleaning process, an edge
portion of the oxide film became unstable as time passed, which generated haze. Therefore, it
was found that the oxide film formed by an ozone process according to the present invention had
a high stability and prevented re-attachment of contaminant particles. The oxide film served as a
protective film of the surfaces of the silicon wafer to prevent impurities from attaching to the
surfaces of the silicon wafer, thereby providing a silicon wafer having high quality surfaces.

As such, the present invention forms a stable oxide film on the surfaces of a silicon wafer
using a material having a strong oxidizing ability while a cleaning process is performed.
Therefore, a problem that as time passes, external impurities are attached to the surfaces of the
silicon wafer can be solved by a simple and safe process.

It should be understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of illustration only, since

various changes and modifications within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed description.
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5wherein, in the cleaning solution of S13, the hydrochloric acid is included
with a concentration between 1 and 10% based on weight of the deionized
water. 6. The method for cleaning a silicon wafer according to claim 1
or 2, wherein the cleaning step of S13 is performed at temperature
between 20 and 1030C during 3 to 10 minutes. 7. The method for
cleaning a silicon wafer according to claim 1 or 2, wherein ozone included
if/ihe sclegning sglution of S13 has a concentration between 1 and 20 ppm
based on weight of the deionized water. 15 8. A method for cleaning a
silicon wafer, comprising: (S21) cleaning surfaces of a silicon wafer
using an SC-1 cleaning solution according to standard clean 1;

(S22) rihsing AGSFRAL A SIS TR B AR RPIRE step S21

using Zm%og%g%x\éatﬁﬁfaces of a silicon wafer using an SC-1 cleaning solution

MCSLLP

according to standard clean 1;

(S12) rinsing the surfaces of the silicon wafer cleaned in the step S11 using
deionized water;

(S13) cleaning the surfaces of the silicon wafer rinsed in the step S12 using a
cleaning solution including hydrochloric acid, ozone and deionized water;

(S14) rinsing the surfaces of the silicon wafer cleaned in the step S13 using
deionized water; and

(S15) drying the surfaces of the silicon wafer rinsed in the step S14.

2. The method for cleaning a silicon wafer according to claim 1,
wherein the step S13 is performed while applying ultrasonic vibration to the

cleaning solution.

3. The method for cleaning a silicon wafer according to claim 1 or 2,

wherein the SC-1 cleaning solution according to standard clean 1 in the step S11
includes ammonium hydroxide, hydrogen peroxide and deionized water,

wherein the ammonium hydroxide is included with a concentration between 2
and 20% based on weight of the deionized water, and

wherein the hydrogen peroxide is included with a concentration between 4 and

20% based on weight of the deionized water.
4. The method for cleaning a silicon wafer according to claim 1 or 2,

12
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(S23) cleaning the surfaces of the silicon wafer rinsed in the step 522

using an SC-2 cleaning solution according to standard clean 2; MCSUP - MCSLLP

(524) rinsing the surfaces of the silicon wafer cleaned in the step 523
using &ionized wate (525) cleaning the surfaces of the silicon wafer
rinsed in the step 524 using ozone water; (526) rinsing the surfaces of
the silicon wafer cleaned in the step 525 using deionized water; and

(527) dyyig-heRtdRaah T silieqn watertnsed it WmSIERREGHAWLAS 50 and

method for cleaning a silicon wafer according to claim 8, wherein the
3CA dhemgidgsdlutidmaecording to standard clean 1 in the step 521
includes ammonium hydroxide, hydrogen peroxide and deionized water,
wherein the ammonium hydroxide is included with a concentration

betweey 2 and-0% LR3EELPDIVRIAD GG ARIAULELNAIRL BWhim 1 or 2,

wherein, in the cleaning solution of S13, the hydrochloric acid is included with a

concentration between 1 and 10% based on weight of the deionized water.

6. The method for cleaning a silicon wafer according to claim 1 or 2,
wherein the cleaning step of S13 is performed at temperature between 20 and

30°C during 3 to 10 minutes.

7. The method for cleaning a silicon wafer according to claim 1 or 2,
wherein ozone included in the cleaning solution of S13 has a concentration

between 1 and 20 ppm based on weight of the deionized water.

8. A method for cleaning a silicon wafer, comprising:

(S21) cleaning surfaces of a silicon wafer using an SC-1 cleaning solution
according to standard clean 1;

(S22) rinsing the surfaces of the silicon wafer cleaned in the step S21 using
deionized water;

(S23) cleaning the surfaces of the silicon wafer rinsed in the step S22 using an

SC-2 cleaning solution according to standard clean 2;

13



wherein the hydrogen peroxide is included with a concentration between 4
and 20% based on weight of the deionized water. 10. The method for

cleaning a silicon wafer according to claim 8, wherein the cleaning MCSLLP

step of 521 is performcd at temperature between 50 and sot during 3_to 10
minutes. 11. The method for cleaning a silicon wafer according to plalm 8,
wherein the SC-2 cleaning solution according to standard clean 2 in the

step 523 Th BT H drotsre Aescsi Rsen ol sérendenaihe eetofitzedsing deionized

ter wherein the hydrochloric acid is included with a concentration
V\sf/g?ér' '

between 10 and 40% based on weight of the deionized water, and

MCS ' d .peraxide is.included wijth . _
concé(r%tﬁr);)tig%%ée w%%ngg%%qépgg’% lga%%gaf?lr \g\llrésla?g%n 0 fhséeggzo?ﬁ‘_zsén ozone water;
watershz)Themethoduigneleantng &iRGANAIEEACGALAING IRFIAND 8uiny deionized

water; and

(S27) drying the surfaces of the silicon wafer rinsed in the step S26.

9. The method for cleaning a silicon wafer according to claim 8,

wherein the SC-1 cleaning solution according to standard clean 1 in the step S21 includes
ammonium hydroxide, hydrogen peroxide and deionized water,

wherein the ammonium hydroxide is included with a concentration between 2 and 20%
based on weight of the deionized water, and

wherein the hydrogen peroxide is included with a concentration between 4 and 20%

based on weight of the deionized water.

10. The method for cleaning a silicon wafer according to claim 8,
wherein the cleaning step of S21 is performed at temperature between 50 and 80C

during 3 to 10 minutes.

1. The method for cleaning a silicon wafer according to claim 8,

wherein the SC-2 cleaning solution according to standard clean 2 in the step S23 includes
hydrochloric acid, hydrogen peroxide and deionized water,

wherein the hydrochloric acid is included with a concentration between 10 and 40%

based on weight of the deionized water, and

14



wherein the cleaning step of S23 is performed at temperature between 50
and 80t during 3 to 10 minutes. MCSLLP

wherein the hydrogen peroxide is included with a concentration between 10 and 40%

based on weight of the deionized water.

12. The method for cleaning a silicon wafer according to claim 8,
wherein the cleaning step of S23 is performed at temperature between 50 and 80C

during 3 to 10 minutes.
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