*159159* METHOD FOR CLEANI NG Sl LI CON MAFER—IECHNIPN

FI ELD The present invention relates to

cleaning a silicon wafer, and in partlcular ﬂmﬁmmumm
nmet hod for cleaning a silicon wafer, which clea
surfaces of a silicon wafer using SC- cl eani ng *159159+
sol ution according to standard clean 1 and rinses the
silicon wafer surfaces, and then cleans the silicon
waf er surf acedETHOWFER MIEMIBIGSINEON WeeRBRNg sol uti on
and rinses the silicon wafer surfaces in a repetitive
manner to forma oxide filmon the silicon wafer
surfaces, thereby preventing haze contam nation of

the silicon wafer surflECeNICKLFISLDPlIY process.
BACKGROUND Surfaces of silicon wafers may be
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bare silicon wafers, a cleaning process is perforned
after a polishing processing using CMP (Chem ca
Mechani cal  Pol i shi ng) BT&ﬁbricating
sem conduct or devi ces, gﬂgk%@ﬁlng process |s perforned
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packggr'e% wa‘fflers 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 moistﬁre. 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
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*@@0002* of the RCA cleaning nethod. Typically, the

RCA cl eani ng net hod perforns a hi gh-tenperature wet

process using chemcals of strong acids and strong

bases havi ng high concentration, and consists of two

steps: standard clean | (called "SC-I' for short) and

standard clean 2 (called 'SC-2' for short). The
of bt R deglehniigemathotl. (SC-1) is performed at tenperature of

about 75 to about 90 C using a m xed cl eani ng
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to the wafer surfaces can be prevented by maki ng and
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wor ds, when the silicon wafer surfaces becone

hy dpr@phiolrgagi,cs thisting dn wafpr swafhens or contaminants in the ambient environment,
attached to wafer surfaces, make the wafer surfaces hydrophobic, and after the wafer is stored,
haze contamination occurs with time. And, haze contamination occurs due to differences in
temperature and humidity of atmosphere where wafers are located. As the differences are larger,
haze contamination occurs more easily. Therefore, it is known that attachment of contaminants to
the wafer surfaces can be prevented by making and keeping the wafer surfaces hydrophilic.

In other words, when the silicon wafer surfaces become hydrophilic, the silicon wafer

surfaces are stabilized. When the silicon wafer surfaces are stabilized, the likelihood that various

kinds of particles or impurities are attached to the silicon wafer surfaces before and after a

cleaning process is minimized, thereby keeping the silicon wafer surfaces clear.



surfaces are stabilized. Wien the silicon wafer

surfaces are stabilized, the |ikelihood that various

ki nds of particles or inpurities are attached to the
silicon wafer surfaces before and after a cleaning

process is mnimzed, thereby keeping the silicon

waf er surfaces clear. 2 Studies have been nmade to

expl ain various causes and route of tine dependent
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continuously nade in the related art to suggest an
large rapemh i ofeclenpingadlutiborto diceass pyeass spdts. donddididmra pation of metallic
prevent contam nation that may occur to the surfaces
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process and haze contam nation that nmay occur with
contantimanisn t he

Attempts have been continuously made in the related art to suggest an inventive method
for cleanipg 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



case of long-term storage, and the present invention
was devi sed under such a technical environnent.
SUMVARY The present invention is designed to prevent
contami nation that may occur to silicon 3 wafers
before and after a cl eaning process, and haze

contam nation that nmay occur to the surfaces of
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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
weight of the deionized water. Preferably, the cleaning step of S11 is performed at temperature
between 50 and 80C during 3 to 10 minutes. 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.

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



between 50 and 80 C during 3 to 10 mnutes. In the
cl eaning solution of S 13, the hydrochloric acid is
preferably included with a concentration between |I and
10% based on wei ght of the deionized water.
Preferably, the cleaning step of S 13 is perfornmed at
tenperature between 20 and 30 C during 3 to 10
. mnutes. Preferably, ozone included in the cleaning
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ppm based on the deionized water. A nethod for
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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 $23

is performed at temperature between 50 and 80C 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



wei ght of the deionized water, and the hydrogen
peroxide is included with a concentration between 10
and 40% based on wei ght of the deionized water.
Preferably, the cleaning step of S23 is perfornmed at
tenperature between 50 and 80 C during 3 to 10

m nut es. BRI EF DESCRI PTI ON OF THE DRAW NGS

. Hereinafter, preferred enbodinents t he present
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to the acconpanyi ng drawi ngs. Prior to the. .
corﬁé@é‘fiir‘ﬁt“i’ thhnicy a&?gtﬁ rhthseriardrenboyon thsdesis Abthe @ripgiple that the
. used in the specification and the appended cl ai ns
inveriesus #llavse theefing ems arpiorgiatelstor thebed gxplenageher al  and
di cti onary meani ngs, but interpreted based on the )
medifngdés aaﬂeiwccb%regbﬂﬁ%atms@rm@b%gmic}?gmﬂgaatSé@% wafsr according to an
aspects of the present invention on the basis of the
embpdimpent pf e prgsgnt yentionnyent or is all owed to define
terms appropriately for the best explanation. FIG | _
i s HGf Bawa thart {llysitatiag japmethodriar rrdrdningra @ lieqanyvafgr according to
silicon wafer according to an enbodi nent of the
anotheeerabadimeny ehthi presenFin@entipnij s a fl ow chart illustrating
a method for cleaning a silicon wafer according to
andilfed ilbustrated pietsgragths tshewipg dszengenenated rio isdigon Fafers3of examples 1
il lustrates phot ographs showi ng haze generated to
andg) dccarding wathe peesant ingrietivplaed a tompanddive esaume.di ng to t he
present invention and a conparative exanple. FIG 4 is
an PIASH isX¥n X2 (Rhay Gbdtectaon Spprwbcopg)caplyyis graph ylBisgating chemical
graph illustrating chem cal bonds on the surfaces of
bontifien gk sur€ees ofalfietilicon fwafdreofdhasgample?2 arddhd dveparative example.
conparative exanple. DETAILED DESCRI PTI ON
Herei nafter, preferred enbodi nents of the present
invention will be described in detail wth reference
to the acconpanyi ng DETAMLEQOESRRIPTION t he
description, it should be understood that the terns
us dtkréinafieneprapeal émealimheats afthe tphscraipended will 8¢ described in detail
shoul d not be construed as
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, but interpreted based on the meanings and concepts
corresponding 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 1

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.



limted to general and dictionary neani ngs, but
interpreted based on the neani ngs and concepts
corresponding to technical aspects of the present
i nvention on the basis of the principle that the
inventor is allowed to define terns appropriately for
the best explanation. Exanple 1 A nethod forfclﬁaning
a si.licon wafer according to an enbodi nent of the )
or ddish(he [SHTRRE iobrh SWPTDMHET st sieampd woipg a8 G 1| Gleaning solution
sequence, and is described with reference to FIG 1. .
acc%fﬁ%g tq stardard ¢lean ) (S By The ] iqaning sejutiomascordingfte ptandard clean 1 in
cleaning a silicon wafer according to an enbodi ment
the giep § hknpludesammonivig hydrexide, diydogen perqxide and deigaiged whter Preferably,
silicon wafer are cleaned using an SC-1 cl eani ng
the agmgpiugnhydgexidsriginglpded with arsangentration dqtwieert @ and P0%tased on weight
SC- | cleaning solution according to standard clean 1
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hydr ogen peroxi de and dei oni zed water. Preferably,
and{ H&o baspdneru vieteht 06 thed deipsizédn phigd Riefniably, she cleaning step of S11 is
concentration between 2 and 20% based on wei ght of
performeedoat itompezarae watvern 5@nacd 80E Byrihg@y@Nl (p@inas.d@ this embodiment, a
included with a concentration between 4 and 20% based
weight iR ibecalantntRiGe hpb 284 h‘ﬁ@x{)gé'n- pebd:8deeIn@tedonizbd Qater is adjusted
cleaning step of SI1 | is performed at tenperatﬁre
: g j ~lp this .
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solug(LnengIg?me 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 20C 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



solution of S 13, the hydrochloric acid is preferably
included with a concentration between 1 and 10% based
on wei ght of the deionized water. Preferably, the
cleaning step of S 13 is perfornmed at tenperature
between 20 and 30 C during 3 to 10 m nutes.

Preferably, ozone included in the cleaning solution
of S 13 has a concentration between 1 and 20 ppm based
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range, it is preferred because the oxide filmis
uniformy formed on the surfaces of silicon wafer,
the oxide fil mnmakes the silicon wafer surfaces
hygﬁgﬁﬂigic and perfect bonds having |ess oxygen
vacancj es_or hydrogen bonds are fornmed on the surfaces
of AtRgheq for clsanipg peliconfes wesosdiag tomnotiiee embpdiment of the present
wafer cleaned in the step S 13 are rinsed using
invepnQTiowes siere 8¢ 1 to 7R pequencsaandys desertbed wiithaefersnestto e 2.

silicon wafer rinsed in the step S 14 are dried (S
15§IG 2 is a flow chart illustrating a method for cleaning a silicon wafer according to

another embodiment of the present invention.

The 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



Exanple 2 A nethod for cleaning a silicon wafer
accordi ng to anot her enbodi nent of the present

i nvention perforns steps S21 to S27 in sequence, and
is described with reference to FIG2. FIG2 is a flow

chart illustrating a nmethod for cleaning a silicon
waf er according to another embodi ment of the present
cl eaned

v | a,silicon t.are
el Bt BT o Sig BB AR 4 g?%émperawe
The SC-1 cl eaning solution according

bet%ﬁeaﬁﬁm SEoirng  ip (B SAEp e eaming s s S2hap o 61fo tat of the
hydr oxi de, hydrogen peroxi de and dei oni zed water.

exapplsfleanghisyesaripomimeonitadm  hydr oxi de i s i ncluded with a
concentration between 2 and 20% based on wei ght of the
deilbaisuréages ofdhesilicoanvhferivieahgddin dlpettep¥P axd dhesed 8sing deionized water
included with a concentration between 4 and 20% based

(S29n 8 wei ght of the deionized water. Preferably, the
cleaning step of S21 is perforned at tenperature
beflve enrfa@s af dheB6ili>ndwafenginSedt ; the srepnS@esre cldaged using an SC-2
cleaning step of S21 is simlar to that of the

cleagig isplutorl accardihgi tb Statléad clept 2 @523)STien$ -2 &tkanihf €olution according to
surfaces of the silicon wafer cleaned in the step S21

standaréd ctdamQeid thes steyg SoR imehideeBydhedhidric A2 Bydroddhepesdkideadi@deionized
of the silicon wafer rinsed in the step S22 are

water] Brafeeably shenigydesthiSic AcidGh @anided wit! A1édneéhtRE60bEVEG 10and 40%
standard clean 2 (S23). The SC- 2 cl eaning sol ution

basedCo® Ivatiighy dfOthe Sdeddtitdt Awkik§ hd 2tht MyldhRes tRRx3is included with a
i ncl udes hydrochloric aci d, hydr ogen peroxi de and

conddRiraidh ZRéveenalloeind Hf")@flﬁﬁéﬂb&y weldh€ oYY @5Hi R 1 Wat@C PELfdrsbly, the
included with a concentration between 10 and 40%

cleakiag 8dp BN SYRisPatroRfedtap ?enﬂﬁ}ag.m: 26 eWPERind #E dulife 3 t0 10 minutes.

hydr ogen perOX|de is included with a concentra |on

The Qﬁmg QB}O tchb ? %ﬁl%gxdeo nan‘é'ecogshetqueotlytrgrgogeg n?ergalch contaminants
wat er - er ab

deposited on the surfaces of the silicon wafer. In this embodiment, the concentration of
hydréchloric acid is adjusted to 37%, the concentration of hydrogen peroxide is adjusted to 31%,
and the cleaning step of S23 is performed at temperature of 60 C during 5 minutes.

The surfaces of the silicon wafer cleaned in the step S23 are rinsed using deionized water
(S24).

The surfaces of the silicon wafer rinsed in the step S24 are cleaned using ozone water
(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 S26 are dried (S27).



cleaning step of S23 is perforned at tenperature
bet ween 50 and 801C during 3 to 10 m nutes. The
cl eaning step of S23 fornms a chloride, and
consequently renoves netallic contam nants deposited
on the surfaces of the silicon wafer. In this
enbodi nent, the concentration of hydrochloric acid is
adjGestpacitivoeiffle t he concentrati on of hydrogen
peroxide is adjusted to 31% and the cl eaning step of
S2 3 siBcopevdfarisdeanad by anypedahRUAl€ahing OdethoduThands, fhe silicon wafer is
m nutes. The surfaces of the silicon wafer cleaned in
cleahbusiiigem S62 B clasiring sohgidd abid AMC-Aeidaning e6lutié i lsequeivdd) .
The surfaces of the silicon wafer rinsed in the step
S241ar ®ilbkeaaeshousirdplls GOy WadeBienera®d 29 siliPseivafeadbfyexamples 1
the cleaning step of S25 is performed by soaking the
and Siatécr@iig WRhEpretont Dvéntiof AT EqthpatANK Pl ni ng ozone
wat er including ozone and dei oni zed water. The

SUrSiiRes walirs t1Bfhed labdordig Wothe compAanRtxhmple RAd $ﬁee&a§ﬁ§s 1 and 2
are rinsed using deionized water (S26). Finally, the

were %&%@@%t &k chh)@r (ﬁ"ng l!éog(gig a@g@greﬁ 'nﬂlﬁﬁeg érﬂ dﬂ@ §F ﬁlgist%?@was added.

are dried (S27 arative exanple A'silicon wafer
i,s_cl eaned, by a, typical cl eani ng net hod, That . s
They s 1 Spiyel? sédeq e ueedan o e Tepm gt g, and the
sol ution and an,SC.2 cleanin ol.ution ipn sequence .
acefpf ol ha2lyef feeplia S0t HiGR gPaa TSRE e anD A DB 3. it was
to silicon wafers of exanples | ~and 2 _according to )
foundyhat pagaclsst of Gt PromOBAHere atianhedh futhe\slicen Aralereol the comparative
Silicon wafers cl eaned according to the conparative
exarapla Aol dazeatcured texzeglicos wafaandf the exgmrpdesalr andrgretitingly teigthan the
center of a box in a staggered manner, and 0.5 nt of
compwriteaxemplgs added. The box was closed, conpletely
seal ed and placed in a clean roomduring 36 hours, and
t hEIG dagre XPSfanhlyzie grapb tit exmaieslevaltation bGa diffecamké imelebnd density
Li ght Scatterer). As shown in FIG 3, it was found
of silicat dr oxygke devfeed. dkdpmiibns fwmed wecedagt @c Hhedexampten@ and the

silicon wafer of the conparative
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



exanpl e, and haze occurred to the silicon wafers of
the exanples 1 and 2 relatively less than the
conparative exanple. FIG 4 is an XPS anal ysis graph
t hat explains evaluation of a difference in bond
density of silicon and oxygen between oxide filns
formed according to the exanple 2 and the conparative
exanpl e through XPS analysis, and illustrates cheni ca

areatpd §et© poak tchaezatrSicht psakofAstshevn s HIGcrnwedaantio off thé Beample 2 was
exanple 2 and the conparative exanple. The peaks of

highiet theln thgt efnler gyynpafati$eé exaBipla tlerSioreQitivas fduad clenha sAicby @afer of the
exanpl e and the exanple 2 were observed at the sane

exarhple 2t hadra highertHoad Xtrengitls od8ia2hia Qv exide. filne tHan rthad @f e comparative
FIG 4, the silicon wafer of the exanple 2 has an

exarople.de filmfornmed by an ozone process and the silicon
waf er of the conparative exanple has an oxide film
t hatcdréin® @t the T@UNK Gk W35 MBlyOHORR HALOESRESed thhEe Impakative example
peak and Si-O peak of each oxide filmwere observed.

to mhkethe RLERESIof YheObxidd fileh uRRMe, Of tHah £11e@%ARY £ cldardf@Sprocess, an edge
relatively |ower than that of the conparative

portidX dffHeSoxiddUfilni BRaMe WBSaBIOhs HRR fadbdenidit f&kRMAGaE) Therefore, it
intensity of Si-O peak therebetween. Meanwhile, the

was RRg that he 8B figth fSriel b%' An 85bneptddEsshabdomify g) etgfprjeggl?fn(lg%on had

t hough an area ratio o 10 area at Si- to are

a hi@tstagilhﬁhn@ﬁ@\kenteﬂsre-ﬁﬁﬁm&t%f %B&niﬁ]mt%i@fe aI‘l'nreQ)gddQ fﬁxfn.served asa

the exanple 2 was higher than that "of the conparative

prot@UATRING of HeaLAEQE & f tel sil@3 44N ptrm&b%%gnﬁésl &9 ?ﬁacc})x%ng to the

waf er of the exanple 2 had a higher streng

surfacksbd thelsilfidn Whaked Qhéri:l;yrBrB\n@iﬂg b Qiﬁtorp\f\'aémv&g %g@él%% gurfaces.

exanmpl e. According to the Fesults, It wa

t hat sdaﬁ,ztﬁe &Q&lﬂr fn@gntiog_ﬂgljﬂg a%mq;xﬂlteit'\{ﬁ% o%ml'rﬁcesto? n'r?l(lgoen wafer
I b or that fer

the surface of the oxide filmunstable, a

u_sin?!a R5Aridl! l?a@ﬁigng sﬁB{?é: (?ﬁ{ﬁiizix?é1 aﬁggg\év}éﬁge? Em?aghn%g%rhger%sa Ss)é iﬁ)glffonned.

il mbecame unstable as time p
O AR 80 M e P Ly o v
siliccinWa%}tciaxQQe &q\ﬁed 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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a high stability and prevented re-attachnment of
contam nant particles. The oxide filmserved as a
protective filmof the surfaces of the silicon wafer
to prevent inpurities fromattaching to the surfaces
of the silicon wafer, thereby providing a silicon

waf er having high quality surfaces. As such, the

WhiiE86t.g;ovention forns a stable oxide filmon the
__§UT?HC€S—ﬁf a silicon wafer wusing a material having a
strong oxidizing ability while a cleaning process is
perfornmed. Therefore, a problemthat as tine passes,

ext,ernal ,i rities are attached to the surfaces of
Ehde or| Bt for Flatie’s Shelivi NAPESEE I e and saf e

pr s, It shaul d be .understood thaf the detai] ed )
e ST 3lerthe S SHebt TR a U SnpTidTesnig, e lph gecording f
s argggéﬁﬁd enbodi ments of the invention, are given by

1lustration only, since various changes and

nodjfications within the spirit_and scope of the o
i ngg[ﬁ)irﬁ‘ﬁm&dq‘q S%fgﬁﬁrﬁg the, siliserevefer sleggdde theksten 8H psing deionized

the art fromthis detailed description. 11 Wat is
Walelh aimed is: 1. A nethod for cleaning a silicon wafer
conpri si ng: 3811) cl eani ng surfaces of a silicon wafer )
usiChlp) &lfameg thecyuslacss 9 theotiligonorafercinsediimige sisp SJ2 amima ractleaning
clean 1; (S 12) rinsing the surfaces of the silicon
solufign Hcluding dwdrgcliloriq asid, gzqng vater and dqionizedetatmni zed wat er ;
(S 13) cleaning the surfaces of the silicon wafer
ri Rl rinping he sirfaeesf 2hqugilienp wafet eeaneddn theoitept $iGnusing deionized
i ncl udi ng hydrochl oric acid, ozone water and dei oni zed
watefgandr :  (S14) rinsing the surfaces of the silicon wafer
cleaned in the step S13 using deionized water; and (S
15YS1d) giving thewqurigeasiodthesilishn water gnded dothe wiep 8t4.ri nsed i n
the step S 14.

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.

12



2. The method for cleaning a silicon wafer according
to claiml, wherein the step S13 is perforned while
applying ultrasonic vibration to the cl eaning
solution. 3. The nethod for cleaning a silicon wafer
according to claiml or 2, wherein the SC 1 cleaning
sol ution according to standard clean 1 in the step Sl1
i ncl udes anmoni um hydr oxi de, hydrogen peroxi de and
dei oni zed water, wherein the ammoni um hydroxide is
included with a concentration between 2 and 20% based
on 4vei ghtThefmettod fordlesningadkilivan wrfer agedrdivizde elaim i loe2,
hydrogen peroxide is included with a concentration
bet wike¢in 4hanidaifstepagesi 108 paefbgid aftehpaatdel batveedS0 and 80T
water. 12 4. The nethod for cleaning a silicon wafer
mnﬁ%QQBdbagmh@&clain1l or 2, wherein the cleaning step
of Sl is perforned at tenperature between 50 and
801C during 3 to 10 mnutes. 5. The nethod for
cleaning a silicon wafer according to claim1 or 2,

whey ei n, g n{ehﬁ)dcfb%g a%g’cUﬁ ngféhgcfcm%;r% to Eﬁﬁn 1 or 2,

hydrochlorlc aC|d is 1nCluded wt ncentrati on

betwﬁe‘?an e rret 3&)?&*10‘8” fwgiﬁhl}le %fydlto@ﬁogglag H' %elqcluded with a

wat er . or C eani ng I con
: t
corfije ‘5@“&2’#?48? 1Bl i Q?ﬁ%@ﬁﬁ L ?mf; 30 C

during 3 to 10 mnutes. 7. The nethod for cleaning a
silicon waf er according to claim1 or 2, wherein ozone

¢d uded 4 n tngdq&wgnlngasﬁ%&éagermx g 3ocau?2or2

concent ration between

dei olpelrezlr? q}lem@leaniﬁg step of S13 is performed at temperature between 20 and 30T

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 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;

(S822) rinsing the surfaces of the silicon wafer cleaned in the step S21 using deionized
water;

(823) cleaning the surfaces of the silicon wafer rinsed in the step S22 using an SC-2

cleaning solution according to standard clean 2;

13



8. A nmethod for cleaning a silicon wafer, conprising:
(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)
cl eaning the surfaces of the silicon wafer rinsed in
the step S22 using an SC-2 cleaning solution
ac 8P i myingghe surfatey df the sdivoR wakd c(ea@4) inrthastie §23 hsing deionized
surfaces of the silicon wafer cleaned in the step S23

watggi ng dei oni zed water; (S25) cleaning the surfaces of
the silicon wafer rinsed in the step S24 using ozone
wat(825) cleagaghesiufgien g thiagilisan waferarsad intthests $24GR1hg ozone water;
waf er cleaned in the step S25 using deioni zed water;
andS@2ifpindrthd ngfacéeofstie kiticas wafer thenediihitgOAepBE £ sing deionized
rinsed in the step S26. 9. The nethod for cleaning a

waterp fndcon waf er according to claim8, wherein the SC 1
cl eaning solution according to standard clean | in the
st €R27pAiyingnaé sidfses RN coAWAYS FiAXdde the Rigisogen
per oxi de and dei oni zed water, wherein the amobni um
hydroxide is included wth a concentrati on between 2
and 20% based on wei ght of the deionized water, and
wher ei n Thembyiod fgeRaRRE 9Xiiseh witel R UL Mﬁimha
concentration between 4 and 20% based on wel ght of

t hevhereinaht 8€d dMethBig-solltlon A8rditRt B EndRd cIed PR thdst& S21 includes
silicon wafer according to claim8, wherein the

amn@In@RNhyto5des By d?h e'ﬁ%l-r&xmerasa HAbMEL Rhtert €MPET AL U €
bet ween 50 and g%

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 80T

during 3 to 10 minutes.

11. 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
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during 3 to 10 mnutes. 11. The nethod for cleaning a
silicon wafer according to claim8, wherein the SC 2
cl eani ng solution according to standard clean 2 in the
step S23 includes hydrochloric acid, hydrogen
per oxi de and dei oni zed water, wherein the hydrochloric
acid is included with a concentrati on between 10 and
40% based on wei ght of the deionized water, and 14
whewliréin tﬂlreehm@geaq;efbxmr@xmlmeusthm@chhsteﬁtraﬁbh be@veen 10 and 40%
concentration between 10 and 40% based on wei ght of
bastdén WeigRUf ZiRteimid wakd. The nethod for cleaning a
silicon wafer according to claima8, wherein the
cleaning step of S23 is perforned at tenperature
between 50 and 80 C during 3 to 10 m nutes. 15

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.



