[ Docunent Nane] Specification [Title of the Invention] C eaning Liquid and
Cleaning Method for Electronic Material [Technical Field] [0001] The
present invention relates to a cleaning liquid for electronic naterials,
particularly, silicon wafers, and a cleaning nethod using the sane.

[ Background Art] [0002] Recently, in manufacturing techni ques of

seniconduqbggu%§£§ Hé%gg m%#ég§kfgg§¥5h usage of wafers having |arger
r

di anet ers an urther fine ocessi ng techniques are required. Furthernore,

solving problens _such as_nmi ptenance a i nprovenent. of prqduct. quality

t hat coneégékgﬁgogﬁFHeciﬂﬁF8§F99? of p%géégggg &ﬁ&uﬁgdﬁggiSﬂ%%?lﬁ%oduction
cost is also required. [0003] Particularly, in many fields of manufacturing
t echni que¥etbpdséarcBhagErenicsMatasiag silicon wafers, so-called wet
treatment steps including treatnment by various solutions are essential
steps. A paethnitall yieh@drtant step anong the wet treatnent steps is a

cl eaning step. In conventional cleaning steps, mainly, inprovenents have
been nmade in thespeint of selection of conponent conpositions of cleaning

| i quids, concentrations thereof, cleaning tenperatures, cleaning tine

The present invention relates to a cleaning liquid for
electronic materials, particularly, silicon wafers, and a
cleaning method using the same.

[Rackground Art]

[0002]

Recently, in manufacturing techniques of semiconductor
LSIs using silicon wafers, usage of wafers having larger
diameters and further fine processing techniques are required.
Furthermore, solving problems such as maintenance and
improvement of product quality that comes along with complexity
of processes and reduction in production cost is also required.

[0003]

Particularly, inmany fields of manufacturing techniques
of semiconductor LSIs using silicon wafers, so-called wet
treatment steps including treatment by various solutions are
essential steps. A particularly important step among the wet
treatment steps is a cleaning step. In conventional cleaning
steps, mainly, improvements have been made in the point of
selection of component compositions of cleaning liquids,

concentrations thereof, cleaning temperatures, cleaning time



1 and the like. (for exanple, "New Edition, C ean Technology of Silicon

Waf er Surface" witten and edited by Takeshi Hattori, Realize Co. Ltd.
(2000)). However, these conventional techniques were not enough for
satisfying demands caused along wth recent necessity of further fine
processing techniques conpl exity of steps, high cl eanliness, and reduction

in cost. 0 a1ed SR Lo ALhU enEUSTRERLL 50! YA, GleANNgaoLeon g

wi t hout cﬁenlc utlons an e'like are strict
envi r onnent rote tion nmeasures .and reductjon in co f waste |iquid
processi ng ?{Lﬁgﬁﬂa 25 P Yfod W tE8) AR I Herd By i@ﬁg‘ Feséardn and
developnent of so-called functional water typified by ozone water or

hydr ogen RasdizhaSobebhdené2fefi tal |IHowewer ed-lrae comivemprienrdkal use

t hereof has been devel oped. Practical use of the o0zone water has been

devel opedt éBhii deehivilfls nol sesugRTHICEAE i s€El/eaqi danands ergald aflonst al
inpurity contamination and organic substance contam nation. The hydrogen

water is glhsq ADPLEEGheddy §L#2&ttrh%tre f‘i'n%a \88.9L :nbv\gleghﬁ §kgl display

in order to renove particle or exa nctlona ter anlng From
t he El ements” a uk edi ted b an _I.ndustri al
Cbnferencgoﬁﬂlﬁf Eﬁﬁﬁg qﬁﬁé& B??§h| qﬁﬁglleﬁﬁﬁf) [ 00051
Moreover, recently, dilute chemical solution c¢leaning,
cleaning without chemical solutions and the like are desired
by demands for strict environmental protection measures and
reduction in cost of waste liquid processing.

[0004]

As a method for solving these problems, research and
development of so-called functional water typified by ozone
water or hydrogen water has been energetically carried out, and
practical use thereof has been developed. Practical use of the
ozone water has been developed in wide fields of semiconductor
cleaning in removal of metal impurity contamination and organic
substance contamination. The hydrogen water is also applied
in glass substrate cleaning of liquid crystal display in order
to remove particles (for example, “Functional Water Leaning
From the Elements” supervisged by Masayuki Toda, edited by Japan
Industrial Conference on Cleaning, Kogyo Chosakai Publishing
Co., Ltd. (2002)).

[0005]

The hydrogen water is expected as a substitute for ammonia
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The hydrogen water is expected as a substitute for ammonia 2 + hydrogen
peroxi de (hereinafter, described as "APM') which is wdely applied as a
cleaning liquid for particle renmoval in the field of sem conductor

cl eaning. The hydrogen water is extrenely advantageous in terns of chem cal
solution cost conpared with APM however, it is inferior in particle

r enoval il4 T r.Qg | 0104 ctigal si nce
t he cIean?%&kkg%gflE%rg%ggghgg%fgéﬁégﬁgﬁgQggﬂﬁﬁgggiQ%ub%%@agggﬁfg?§giquid
crystal display; hawever, it _has .not_been ut intg practical_use [n the
fiold of BFUGhAPRICLaR & GIRRYGEs L SaEhd AP PRF €4 Wiaf PS8 ridh =Pfie
cleaning ability is insufficient., [0006] Therefore, the ability of the
hydr ogen Gageéd ﬁgssﬁﬁl@@ndpﬁﬁﬂévéaeéélés-tcTQﬁahﬂ@ﬁPgﬂnwwﬂk%xixﬁting

techni ques which are |ow cost in sem conductor cleaning. [Di sclosure of the
| nvent i ongxfPembl enafivaheaSebuedihytéhrs| afeaheantal [ 8604L idhecpresent

i nvention provides a conpletely novel nethod which can be applied generally

E goglg]eani Rembs £8E BN aferS hbeeherWafienis i hMeaDSfOf padituing thePrebl ens]

ability. The hydrogen water has been put into practical use
since the cleaning level is enough for cleaning of glass
substrates for liquid ¢rystal display; however, it has not been
put into practical use in the field of cleaning of
semiconductors such as silicon wafers since the cleaning
ability is insufficient.

[0006]

Therefore, the ability of the hydrogen water has to be
improved so as to develop APM substituting techniques which are
low cost in semiconductor cleaning.

[Disclosure of the Invention]
[Proklem to be Sclved by the Invention]

foo07]

The present invention provides a completely novel method
which can be applied generally to cleaning treatment of silicon
wafers.

[Means for Sclving the Problems]
[0008]
The present inventors have carried out diligent research

and development about a new cleaning liquid which can satisfy
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The present inventors have carried out diligent research and devel opnent
about a new cleaning liquid which can satisfy 3 recent strong denmands for
cleaning treatnent of silicon wafers and a cl eaning treatnent nethod using
the sane and, as a result, found out that, surprisingly, the problens can
be solved by wusing ultra-pure water or hydrogen water as raw material water

and USIngrgcgh 'd@ﬂé%d§1f Qﬂgk&rgfo 'céﬁ %@%%ion In
Fvars "B

t he presence o en m cro- ere acconp |ng t'he present
i nvention eC|f|ca Ieanln UId for an electro ic

mat eri al BPEt‘hE?%FE ﬁtt¥%?7%‘ﬂ‘?¥Bﬁlﬁt oChar ?érhi BAMByP R oAt ATy T

m cro- bubbl es generated by a hydrogen gas and characterized by belng an

aqueous | fqund petwhhehk.ubviraséaiadlyscthkaprohleysi gpar bed solgedopy The

cleaning liquid for the electronic material of the present invention is

char act er uzeegi ul t hatplihe waouvs hydtbgen v tdrt B8- paw enanvad©ra owaliydr ogen
water. [0011] A cleaning nmethod of the present invention is a nethod

char act er eﬁeduexnassnelteaelﬁbe@%ugdl aﬁ%emematﬁoﬁh@&eﬁt e&'tz:e@on% bei ng
carried out in an"aqueous |1 quid’in which hydrogen mcro-bubbles are

present an%rggggglgkt{r?%%el Bréééx"i‘éjé aotf gydrogen micro-bubbles, thereby

accomplishing the present invention.

[o009]

Specifically, a cleaning liquid for an electronic
material of the present invention is characterized by
containing micro-bubbles generated by a hydrogen gas and
characterized by being an aqueous liquid to which ultrasonic
oscillation is imparted.

[o010]

The cleaning liquid for the electronic material of the
present invention is characterized in that the agueocus liguid
is ultra-pure water or hydrogen water.

[0011]

A cleaning method of the present invention is a method
characterized by using the cleaning liquid and is characterized
by being carried ocut in an aqueous liquid in which hydrogen
micro-bubbles are present and under ultrasonic irradiation.

[o012]

The cleaning method of the present invention is
characterized in that the aqueocus liquid is ultra-pure water.
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[0012] The cl eaning nethod of the present invention is characterized in
that the aqueous liquid is ultra-pure water. 4 [0013] The cl eaning nethod
of the present invention is characterized in that the aqueous liquid is
hydrogen water. [0014] The cl eaning nethod of the present invention is
characterized in that alkali is further added to the aqueous |iquid. [0015]
The cl eani ng netgggB f the present invention is characterized in that

al kali and hydré Eeroxide is added to the aqueous liquid. [0016] The

cl eaning nethod of the present invention is characterized in that a
surfactant is adBed<teappedafaebasd ofi §hrdrradenat épveRtippoi®] The

cl eaning nethod of the present invention is characterized in that the added
al kal i comhairas tatrilzedsti notéatoft heodiquecimgdlaxiude, igothysicgmnhweditet.de
ammoni a, tetranethyl ammoni um hydr oxi de (hereinafter, described as "TMAH'),
and chol i ne. [0014]

The cleaning method of the present invention is
characterized in that alkali is further added to the aquecus
liquid.

[0015]

The cleaning method of the present invention is
characterized in that alkali and hydrogen peroxide is added to
the aqueous liquid.

[0016])

The cleaning method of the present invention is
characterized in that a surfactant is added to the aqueous
liquid raw material.

[0017]

The cleaning method of the present invention is
characterized in that the added alkali contains at least one
of sodium hydroxide, potassium hydroxide, ammonia,
tetramethylammonium hydroxide (hereinafter, described as
“TMAH"), and choline.

[oo18]

Furthermore, the cleaning method of the present invention
is characterized in that the electronic material is a silicon

wafer.



[0018] Furthernore, the cleaning nethod of the present invention is
characterized in that the electronic material is a silicon wafer. 5
[Effects of the Invention] [0019] Wen cleaning treatnent is carried out by
using the <cleaning liquid of the present invention, particle conponents

and the like on the wafer surface can be efficiently cleaned and renoved,

and re-coq%&F%%%%;%ﬁ gﬁg Q%V%%ﬁggghed. [ Best Modes for Carrying Qut the

| nvent i on] eaning 11quird for electronic materials of the present
invention is an _aquequs |liquid containing mcro-bubbles generated by a

hydr ogen gas anJOB%QEn aqueous liquid to which wultrasonic oscillation is

i nparted. The aqueous liquid is characterized by being ultra-pure water or
hydr ogen wat er . Whieor theemyng, trhetuksaniagchrgied buk blyevedoai theaterial s
of the present invention includes those to which various additives are

added i n endenihe Dbiaid dEIHLPrpEeBEr iNvelhEoR| B8 F 0N Yo dHRIRIHe}LS herein
whi ch can be cleaned by the cleaning liquid of the present invention

particul agly LRel 4dgesLhi CAD WRF &L Sour 002 i @3HING JIRNRPE 195 e

present invention is

and remcved, and re-contamination can be prevented.
[Best Modes for Carrying Out the Invention]

[0020]

A cleaning liquid for electronic materials of the present
invention is an aqueous liquid containing micro-bubbles
generated by a hydrogen gas and is an aqueous liquid to which
ultrasonic oscillation is imparted. The aqueous liquid is
characterized by being ultra-pure water or hydrogen water.
Furthermore, the cleaning liquid for electronic materials of
the present invention includes those to which various additives
are added in order to cbtain desired property. The electronic
materials herein which can be cleaned by the cleaning liquid
of the present invention particularly include silicon wafers.

[0021]

A cleaning method of the present invention is
characterized by using the above described cleaning liquid of
the present invention. Specifically, the method is
characterized by treating the electronic materials in the
agqueous ligquid, in which hydrogen micro-bubbles are present,

under ultrasonic ilrradiation.



characterized by using the above described cleaning liquid of the present
i nvention. Specifically, the nmethod is <characterized by treating the

el ectronic materials in the aqueous liquid, in which hydrogen m cro-bubbl es
are present, under ultrasonic irradiation. 6 [00221 Electronic Mterials
No particular limtation is inposed on the materials, shapes and the |ike
of the eIectronH%OQ%terials whi ch can be cleaned by the cl eaning nethod of
the present invention. The materials include various naterials used in
conventional senm conductor manufacturing. Specifically, the materials
include Si, Ge, EA&S 1 terial thereof. In the present

i nvention, the shapes of the electronic materials include various
conventional |y pigblpiagityl ckrigwn ldhiped iand 18 dopeded lva Shhepew tearimdd i n

vari ous manufacturing steps. In the present invention, particularly the

shape of amwafsey RN cHee 1pkef efabhy esedtrbaitivateriylprehecablan sdlicon
wafers of corresponding stages used in silicon cleaning steps of the

stages of DR $h LRANVBLELAIRALL AGY Wi R1SLERREANALEREIOR! e

sem conduct or manufacturing I nt icon wa 1 Aqueous Liquid The

aqueous |iquid of, the present invention can contajn ,
q égterlals 1néiué% various materials used in conventional

semiconductor manufacturing. Specifically, the materials
include Si, Ge, As, or a composite material thereocf. 1In the
present invention, the shapes of the electronic materials
include various conventionally publicly known shapes and
include the shapes formed in various manufacturing steps. In
the present invention, particularly the shape of a wafer can
be preferably used. Particularly preferably, silicon wafers
of corregponding stages used in silicon cleaning steps of the
stages of normal silicon wafer manufacturing steps and steps
of semiconductor manufacturing into silicon wafers.
[0023]

Aqueous Liquid

The agueous liquid of the present invention can contain
micro-bubbles generated by the hydrogen gas, is a liquid to
which oscillation by ultrasonic waves can be imparted, and means
a ligqguid which at least contains water. Preferably, it does
not contain unnecessary impurities in cleaning of the
electronic materials, and the liquid of conventiocnally used

cleaning liquid for electronic materials can be used. 1In the



m cr o- bubbl es generated by the hydrogen gas, is a liquid to which
oscillation by ultrasonic waves can be inparted, and neans a |iquid which
at |east contains water. Preferably, it does not contain unnecessary
inmpurities in cleaning of the electronic materials, and the |iquid of
conventionally used cleaning liquid for electronic materials can be used.
In the 7 present .inventiaon, ga&ticgla&ly, uiﬁgejﬁflgltra-pure ter is

pr ef er r ed PEUT T HermOFES e BPEFASHufe Kat 8739y be &b BEE&IW G deassi ng
in advance so as to renove dissolved gasses. For exanple, a

Dr essur e- NEERIRIE $emb FARE NEEHRT S nEhastifed Pareheat appia e deasulal et si ng
nmet hod of the ultra-pure water. [0024] |In the present invention,
furthernorey depdisegjery watzdvasce peeher teddmobe disedlaed gesagaeouBot i qui d.
No particular Ilimtation is inposed on the preparation nethod of the

hydr ogen é@@érﬁslémiac@ufé%@&%-%%déa hBRREGsEAEghBYEAL! ABLnaAd-Ay dsogen
wat er produced by publicly known hydrogen water manufacCturing apparatus can

be used. rej;igécq L%g aoucpéqif_%gjfrﬁ%m&ﬁygroo ﬁtg}le Y‘L’?}ﬂ%&}—ﬁ&fg a“(r:%tuer} ng appar at us

speci fical s a nu turing me a hydrogen gas is
dissolved in wultra-pure water, which has undergone pressure-reduced
menbr ane degassiﬁﬁﬁ24dia a gas perneabl e nenbrane (for exanple, "Functional

Wat er Leaning Fromthe El enents” supervised by Msayuki Toda, edited by
Japan | ndustri alirCohéegrmrmsntninvention, furthermore, hydrogen water is

preferred to be used as the agueous liquid. No particular
limitation is imposed on the preparation method of the hydrogen
water which can be used in the present invention, and hydrogen
water produced by publicly known hydrogen water manufacturing
apparatus can be used. Herein, the publicly known hydrogen
water manufacturing apparatus specifically includes a
manufacturing method in which a hydrogen gas is dissolved in
ultra-pure water, which has undergone pressure-reduced
membrane degassing, via a gas permeable membrane (for example,
“Functional Water Leaning From the Elements” supervised by
Masayuki Toda, edited by Japan Industrial Conference on
Cleaning, Kogyo Chosakai Publishing Co., Ltd. (2002)).

[0025]

Furthermore, also, no particular limitation is imposed
on the hydrogen concentration in the cleaning liquid of the
present invention, and a concentration in a preferable range
can be arbitrarily selected based on the volume, the shape, the
number of silicon wafers, installation method, cleaning liquid
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Cl eani ng, Kogyo Chosakai Publishing Co., Ltd. (2002)). (0025] Furthernore,
al so, no particular limtation is inposed on the hydrogen concentration in
the cleaning liquid of the present invention, and a concentration in a
preferable range can be arbitrarily sel ected based on the volune, the
shape, the nunber of silicon wafers, installation nmethod, cleaning |iquid

8 tenperat in L e, ot adgli;t i f C I iquid, and
hydr ogen mﬂr%f%e-lﬁ%}ﬁgﬁ%'sg%%e %?é)t%gﬁ%’adn%%%%eeas%c?lt% raé%ﬁ%él??lr%%r?%{tlﬁgon
conditions,, which will be described belaow, of cl|eani apparat us. [ 0026]
Hydr ogen h}lcci%l-c%ubalﬂ%sh)f\%r%%??i%ﬁﬁ?'k?‘m & iR £ n%g%e%g‘&% t HBe 45
preparation nethod of the hydrogen m cro-bubbles used in the cleaning

met hod ofultheagpekemtryaficHt i oh, cardt tdero- bribbtlesvichh e deserdied in the
cleaning liquid by introducing a hydrogen gas by using a publicly known

m cr o- bublbel @enesfate osamitdiothbmargener ati on apparatus. As the publicly
known m cro-bubbl e generation nethod, various nethods described in
documents can bejgapyjied (for exanple, "The Wrld of M cro-Bubbles" witten
by Satoshi Ueyana and Makoto M yanoto, Kogyo Chosakai Publishing Co., Ltd.

(2006)). The pullj_{i rI kn 1M GJ 0~ ubbl e generation apparatus includes
hi gh- speed shea—jﬁfééﬁ¥§ég¥2ﬁggﬁu e generation

No particular limitation is imposed on the preparation

method of the hydrogen micro-bubbles used in the cleaning method
of the present invention, and micro-bubbles can be generated
in the cleaning liquid by introducing a hydrogen gas by using
a publicly known micro-bubble generation method or generation
apparatus. As the publicly known micro-bubble generation
method, various methods described in documents can be applied
(for example, “The World of Micro-Bubbles” written by Satoshi
Ueyama and Makoto Miyamoto, Kogyo Chosakai Publishing Co., Ltd.
(2006)). The publicly known micro-bubble generation apparatus
includes high-speed shear flow type micro-bubble generation
apparatus.

{0027]

Also, no particular limitation ise imposed on the
generation conditicons of the hydrogen micro-bubbles used in the
cleaning method of the present invention and the amount of
generated hydrogen micro-bubbles. The hydrogen micro-bubble
generation amount of a preferable range can be arbitrarily
selected based on the volume, the shape, the number of silicon

9



appar at us.
generation conditions of the hydrogen m cro-bubbles used in the

met hod of

[0027] Also, no particular limtation is inposed on the

the present invention and the anmount of generated hydrogen

m cr o- bubbl es. The hydrogen m cro-bubble generation anmount of a pref
range can be arbitrarily sel ected based on the volume, the shape, th

nunber of

t enper at ur e, € cl eani ng

S S A s

ning liqu

cl eani ng

erabl e
e

ui d

id, and

t he uItrasonlc |rrad|at on condj tions, which be descrlbed beIOM/and

e EER T4k, CBF USan UIRhAMRg %?9@&51‘?60358]3 SThEEHydtDgen of

used at t

the hydrogen m cro-bubbles of the present invention includes the cas
whi ch t he “hyairisheanidnthedest mrsenic domeehiattionorhedithanshydnbgerwilExanpl es

of the ot

her conponents specifically include air, helium nitrogen,

and ar gon.bd Q@22libAdSPelow Pad tisdd at thaidaaid (tlirrie?; bApesed @redding

positions at which the hydrogen m cro-bubbl es are generat ed,

part of t
cl eani ng

ein

oxygen,

and the nozzl e

¥Q%gg {Q@en mcro-bubbles can be provided at any position of a
E@Jtalner

A preferable
[0028]

The hydrogen of the hydrogen micro-bubbles of the present
invention includes the case in which the hydrogen includes other
components cther than hydrogen. Examples of the other
components specifically include air, helium, nitrogen, oxygen,
and argo:m.

[0029]

Also, no particular limitation is imposed on the
positions at which the hydrogen micro-bubbles are generated,
and the nozzle part of the hydrogen micro-bubbles can be
provided at any position of a cleaning container. A preferable
positioncanbe arbitrarily selected based on the volume, shape,
number of silicon wafers, installation method, cleaning liquid
temperature, cleaning time, other additives of the cleaning
liquid, and ultrasonic irradiation conditions, which will be
described below and used at the same time, of the used cleaning
apparatus. Specific examples include a bottom part, a side
surface part, or an upper part of the cleaning container and
plural parts thereof.

[0030]
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position can be arbitrarily selected based on the volune, shape, nunber of
silicon wafers, installation nethod, cleaning liquid tenperature, cleaning
time, other additives of the cleaning |liquid, and ultrasonic irradiation
conditions, which will be described below and used at the sane tinme, of the
used cleaning apparatus. Specific exanples include a bottom part, a side
surface part, u e t aj p. al parts

t hereof . [0030] pi]gbAl g%erﬁea&r?ée(% h%g VM& v%ﬁ W%%g@nﬁﬁg%%%lée% are
generated in a container which is d fferent om t he cl ean| cont ai ner and
Phen 111 SITREFOTG A PEGPERQTER Mt G TR SRAE i 208! Rjeachatat 19
conveyi ng punp can be enployed. Also, a nethod in which the cleaning

cont ai ner @PRCalrenEdidherendit h?cﬂrrd’gEQﬂUCrﬁd:ﬁthdﬂbﬁ! e leandmonadut ateering are
connected to each other by circulation piping and the liquid therein is
kept bei ngby wistieky atwad dyycanwal ehy gaigeybApaunplegadbe b pypedet Wb&0, a
nmet hod in which a hydrogen m cro-bubble generating apparatus 1is installed

|0 the 1 deh bl cHalR! QAEHANGHICRIRGARMA! HepolydiAgenER chpsbUbbh e vat er

is introduced into the cleani cont al ner can e enpl oye

U'trasonic, | L1 adiati o0 w'\'%e”arr%ancuéactdffﬂgt AIONL LTRSS RS Q0 AN Y Ly asoni o
by circulation piping and the liquid therein is kept being
circulated by a water-conveying pump can be employed. Also,
a method in which a hydrogen micro-bubble generating apparatus
is installed in the middle of water-conveying piping and the
hydrogen micro-bubble water is introduced into the cleaning
container can be employed.

[0031]

Ultrasonic irradiation

Neo particular limitation is imposed on an ultrasonic
irradiation method and apparatus for imparting ultrasonic
osgillation of the pregent invention, and ultrasonic waves can
be radiated in the cleaning liquid by using a publicly known
ultrasonic irradiation method or ultrasonic irradiation
apparatus.

[0032]

Also, no particular limitation is imposed on the
generation conditions of the ultrasonic waves used in the
cleaning method of the present invention, for example, the
frequency and generated power. Preferable ranges of the

11



irradi ation nmethod and apparatus for inparting ultrasonic oscillation of
the present invention, and ultrasonic waves can be radiated in the cleaning
liquid by using a publicly knowmn wultrasonic irradiation nethod or
ultrasonic irradiation apparatus. [0032] Also, no particular limtation is
i nposed on the generation conditions of the ultrasonic waves used in the

cl eanin r - 3. f j i
J ESRet Qlnd REDIRS i AN Phe TN EX AN Siltnd [RIMEREY

generated power. Prefera he 11 con ons can rarily
sel ected bgsed on the volune, .. shape,. nunber. of silic waf ers, objective

cl eani ng s%e S rlllﬁlr%]:feaﬁ Ioaﬁi%%%%?rho“bﬁffec’f%’ancquqlq‘iﬁ acofﬁfblé?%t%?%? cl eani ng
time, and other additives of the cleaning liquid of the used _ cleaning

appar at us. MgoEEat orpregtdiethl € keatyaIs ant Belhrisnperdtyree| @kt ADr t he
frequency of used ultrasonic waves dependi ng on, for exanple, the used

cl eani ng st archd he hear tiddie isieze odf ther ebesalingal ygtiid oSpelee fusmad |y, the
ultrasonic frequency is preferably in the range of 20 to 2000 kHz. Wen the
frequency dxed/oMey ddiprddhes. range, it is out of the region of so-called
ultrasonic waves, and the effects thereof may be deteriorated. Wien it is
hi gher than thﬁckﬁﬁﬁe’ sufficient cleaning effects cannot be obtained.

A preferable range can be arbitrarily selected for the
frequency of used ultrasonic waves depending on, for example,
the used cleaning step and the particle size of a removal target.
Specifically, the ultrasonic frequency is preferably in the
range of 20 to 2000 kHz. When the frequency is lower than the
range, it is out of the region of so-called ultrasonic waves,
and the effects thereof may be deteriorated. When it is higher
than the range, sufficient cleaning effects cannot be obtained.
Note that, when the ultrasonic frequency is low even within the
above described frequency range, damage may be generated on the
cleaning target object by the ultrasonic irradiation. Ina step
in which damage generation due to ultrasonic irradiation 1is
problematic, for example, in a cleaning step of a silicon wafer
after polishing treatment, the frequency is preferably 700 kHz
or more. The output power is for example 100 to 1000 W; however,
no limitation is imposed thereon, and the number of oscillaticn
elements to be installed can be also selected depending on the
size or desgign of the cleaning apparatus or the object of the

cleaning treatment.
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Note that, when the ultrasonic frequency is |ow even within the above
descri bed frequency range, danmage nay be generated on the cleaning target
object by the ultrasonic irradiation, Ina step in which damge generation
due to ultrasonic irradiation is problematic, for exanple, in a cleaning
step of a silicon wafer after polishing treatnent, the frequency is
preferably 700 ﬁﬁ%3 r nmore. The output power is for exanple 100 to 1000 W
however, no linitation is inposed thereon, and the nunber of oscillation
el enents to be installed can be al so sel ected dependin%,on the size_ or
design of the cPdaN/nECdPfHrtRiUCHEStHPIIIEER Wie PRELILdPEahT Ff13&ed nent .
12 [0034] Also, nolimtation is inposed on the position irradi ated by the
ul t rasoni cowvehres uldneh stidve qemenest,i anddihecgenarat ibhedinetrasondf Weees can
be provided at any position of the cleaning container. A preferable

posi tion carkesai{d WadkslvarsBkastath ddmsehBnpbBe t¥ehuie £ hehapean wyrber  of
silicon wafers, installation nethod, cleaning FIQUId t enperature, cleaning

silicon vefers. i nstal eaning | |
appa at s, “Sheu Tl FyDTERe RB Ao T e it EF, SepArFanife (Ql ST,
cont i ner SR (F%{C 1R Hor Ui S by s (oDt s e,

installation method, cleaning liquid temperature, cleaning
time, and other additives of the cleaning liquid of the used
cleaning apparatus. Specifically, the method in which
irradiation is carried out froma bottompart, side surface part,
and upper part of the cleaning container or plural parts thereof
can be employed.

[0035]

Cther Additive Components

Other components can be further added to the cleaning
liguid used in the cleaning method of the present invention.
For example, alkali or a surfactant can be added. Additives
particularly suitable as alkali include sodium hydroxide,
potassium hydroxide, ammonia, TMAH, and choline. No
particular limitation is imposed on the type of the additive
agents and the addition amount thereof. Theycanbe arbitrarily
selected based on the volume, shape, number of silicon wafers,
installation method, cleaning liquid temperature, cleaning
time, hydrogen micro-bubbles, ultrasonic irradiation and the
like of the used cleaning apparatus.
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O her Additive Conponents O her conponents can be further added to the

cleaning liquid used in the cleaning nethod of the present invention. For
exanpl e, alkali or a surfactant can be added. Additives particularly
suitable as al kali include sodi um hydroxi de, potassium hydroxi de, amoni a,
TMAH, and choline. No particular Iimtation is inposed on the type of the
additive agents t he addition anount thereof. They can be arbitrarily
sel ected based o e vol unme, shape, nunber of silicon wafers, installation

met hod, cleaning liquid tenperature, cleaning tinme, hydrogen m cro-bubbles,
ultrasonic irr ag'fhaqr; Gh RERPTheMPiKe Of RFEF WY REERH Iy DHpaidedsto 13

[ 0036] When a proper anount of hydrogen peroxide is added to al kali, the
particl e rahev}hg & | payt tehe beehopiny ezhil hiydrophi bé cimprewadbe i npart ed
to the wafer surface, and the roughness of the surface (haze) can be

prevent ed. hy@O037Hhi1 &1t ¢ ovaderi byl Geanengathe sliednicay arihedeof the
present invention can extrenely efficiently renove particle contam nation

on the SUf&%gt %g%iiflﬁggnﬁwpfggé,(ﬁggg)s#%gg'fi§§gyénté§:contanination by

particles an e can be prevented.
{C037]

Silicon Wafer during Cleaning

The cleaning method of the present invention can
extremely efficiently remove particle contamination on the
surfaces of silicon wafers, and, surprisingly,
re-contamination by particles and the like can be prevented.

[0038]

Hereinafter, the cleaning method of the present invention
will be described in further detail based on specific examples;
however, the present invention isnot limited to these examples.
[Examples)

[0039]

(Example 1-1)

Sample: A P-type mirror silicon wafer surface which had
undergone dilute hydrofluoric acid cleaning and then spin
drying so as to remove natural oxidation coating and had a
hydrophobic surface and a diameter of 200 mm was subjected to
spin coating of 10 mL of a solution containing abrasive (ligquid
obtained by diluting GLANZOX 3900 of Fujimi Chemical
Incorporated by 10 million times), thereby contaminating it by
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Herei nafter, the cleaning nmethod of the present invention wll be described
in further detail based on specific exanples; however, the present
invention is not limted to these exanples. [Exanples] [0039] (Exanple
1-1) Sanple: A P-type mrror silicon wafer surface which had undergone
dilute hydrofluoric acid cleaning and then spin drying so as to renove

natural oxialdan £0all ndsapdenad, 2 AKdapbali f.sehackoaRd addianeter of
200 mMm was subjected to spin coating of of “a solution cont ai ni ng

abr asi ve (qugid obt ai ned hy diluting GANZOX 3900 of Fujim Chem cal

I ncor por at¥tP by 16 9% PR tETHES) RavAEBeBy L BRERRT N3t Rigt? t MByPT T8 T%he
abrasive. As the particle contam nation amount herein, 5000 to 10000
particl es #ATRf a dRafeseprrenedt 1Bf hhsy nipber afHeardiclas neastiesant of

t he nunber of particles, Surf scan 6220 of KLA-Tencor Corporation was used.
[0040] Resm2htee ikala1Teqitak Adrgarguiren waiserudaddani ng Met hod; The cl eani ng
| iquid was kept being introduced into a 40 L-cleaning bath at 6 L/ mn,

t hereby causing joigugtjio overfl ow. One nozzle part of mcro-bubble generating
appar at us (NQ-Né/PTFé type manufactured by Nanopl anet Research Institute

Corporation. ) WS WP Ii\d%\{:ie(:jf%% la&.i%uq(?it:t %q.]tpl)’%s-iptuir%n woaft er

Cleaning Method: The c¢leaning liguid was kept being
introduced into a 40 L-cleaning bath at 6 L/min, thereby causing
it to overflow. One nozzle part of micro-bubble generating
apparatus (M2-MS/PTFE type manufactured by Nanoplanet Research
Institute Corporation.) was provided at a bottom position of
the cleaning bath, and micro-bubbles were kept being generated
at 1 L/min. A hydrogen gas was used as the gas for bubbles.
Micro-bubbles were kept being generated for five minutes before
the wafer was introduced into the cleaning bath, and the
micro-bubbles were kept being generated also during cleaning.
The ultrasonic waves having a frequency of 1 MHz and output power
of 1 kW were irradiated thoroughly during cleaning. The
dissolved hydrogen concentration of the cleaning liquid during
cleaning was 0.5 ppm.

[0041]

The sample was immersed therein for five minutes at 20°C.
Then, the sample was removed, put into an ultra-pure water bath,
and subjected to overflow rinse for five minutes at 20°C. Then,
the sample was subjected to spin drying.
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t he cl eaning bath, and m cro-bubbles were kept being generated at 1 L/mn.
A hydrogen gas was used as the gas for bubbles. M cro-bubbles were kept
bei ng generated for five mnutes before the wafer was introduced into the
cl eaning bath, and the m cro-bubbles were kept being generated al so during
cl eaning. The ultrasonic waves having a frequency of 1 MHz and out put power
of 1 kWwere irrﬂﬂ%ghed t horoughly during cleaning. The dissolved hydrogen
concentration of cleaning liquid during cleaning was 0.5 ppm [0041]
The sanple was imersed therein for five mnutes at 20C. Then, the sanple
was rempved, putil AEdSERSULRE &5tire nkaber bhthe Pagitd Sias eéttd samBYer f| ow
rinse for five mnutes at 20C. Then, the sanple was subjected to spin
drying. 15v08042ftemn treasulemeing of Suhescambed2 dfof ELpdar¢ncdes of the
sanple wafer after the cleaning, Surfscan 6220 of KLA-Tencor Corporation

was used. ddepdeiDyst wadl @s&d . t htgPabhbthesrdtaV bk nd pdirdiRlies Rivad3 m or
nore was obtained fromthe nunber of adhering particles before and after

{he ol oant s LRAH ol G841 BTl d SRAe 20 LG, BNATR Brebcspt (o
adhering particles before and after the cleaning.

[0043]

(Example 1-2)

This is same as the example except that the raw material
liquid is 1.4 ppm hydrogen water. The hydrogen water was
manufactured by a method in which a hydrogen gas was dissolved
in ultra-pure water, which had undergone pressure-reduced
membrane degassing, via a gas permeable membrane. The
dissolved hydrogen concentration of the cleaning liquid during
cleaning was 1.5 ppm

[0044]

(Comparative Example 1-1)

This is same as the Example 1-2 except that the hydrogen
micro-bubbles are not introduced. The dissolved hydrogen
concentration in the cleaning liguid during cleaning was 1.4
ppm.

fo045]

(Comparative Example 1-2)

This is same as the Example 1-1 except that ultrasonic

waves are not irradiated. The dissolved hydrogen
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manuf actured by a nethod in which a hydrogen gas was dissolved in
ultra-pure water, which had undergone pressure-reduced nenbrane degassing,
via a gas perneabl e nenbrane. The dissol ved hydrogen concentration of the
cleaning liquid during cleaning was 1.5 ppm [0044] (Conparative Exanple
1-1) This is sane as the Exanple 1-2 except that the hydrogen m cro-bubbles

' qui d durTong e G v T U T BOTaE (CRAoard e BYaRpl 81055 Thi'
is sane as_the Exanple 1-1 except that ultrasonic waves are not irradiated.
The dissoﬁ%%ﬁ'hydrogen 16 concentration in the cleaning liquid during
cleaning was 0.5 ppm [0046] (Exanple 2-1) This is sane as the Exanple 1-1
except that the [OL4 6 Imat eri al liquid contains 15 mM of ammoni a and 30 nm of
hydrogen peroxide. [0047] (Exanple 2-2)

(Example 2-1)

This is same as the Example 1-1 except that the raw
material liguid contains 15 mM of ammonia and 30 mM of hydrogen
peroxide.

[0047]

(Example 2-2)

This is same as the Example 1-2 except that the raw
material ligquid contains 15 mM of ammonia and 30 mM of hydrogen
peroxide.

[0048]

(Comparative Example 2)

This is same as the Comparative Example 1-1 except that
the raw material liquid contains 15 mM of ammonia and 30 mM of
hydrogen peroxide.

{oo49]

(Example 3-1)

This is same as the Example 1-1 except thaf the sample
is a gilicon wafer immediately after CMP (two millions or more
particles having a diameter of 0.13 pum or more are adhering),
and the raw material liquid contains 10 mM of TMAH and 30 mM
of hydrogen peroxide.

[0050]
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This is sane as the Exanple 1-2 except that the raw material liquid
contains 15 mM of ammonia and 30 mM of hydrogen peroxide. [0048]
(Conparative Exanple 2) This is sane as the Conparative Exanple 1-1 except
that the raw material liquid contains 15 mM of ammoni a and 30 nM of
hydr ogen peroxi de. [0049] (Exanple 3-1) This is sane as the Exanple 1-1
except that the ( 8 e i3s_2<'3 silicon wafer imedi ately after CMP (two
mllions or nore parptlcles having a dianmeter of 0.13 mor nore are
adhering), and _the raw nmateri al Ilgui d contains 10 nmM of TMAH and 30 nM of
hydr ogen per oxi &9 G656P™E7 3EERHRpFEABPSF Fhe sS¥SCRENENAE the BEfe 1-2
except that the sanple is a silicon wafer imediately after CVWP (two
mllions ors woselipantwaies Imnadigteld afbeerCoP Owkg mhidd omsy erapere
adhering), and the raw material |iquid contains 10 mM of TMAH and 30 nM of
hydrogen pefexidies HRREHg a( GeaRatatki ¥y EXBIMe o) more are adhering),

and the raw material liquid contains 10 mM of TMAH and 30 mM

of hydrogen peroxide.

[0051]

(Comparative Example 3)

This is same as the Comparative Example 1-1 except that
the sample is a silicon wafer immediately after CMP (two
millions or more particles having a diameter of 0.13 um or more
are adhering), and the raw material liquid contains 10 mM of
TMAH and 30 mM of hydrogen peroxide.

[0052]

(Example 4-1)

In order to check the re-adhesion behavior of the removed
particles, a silicon wafer having clean surfaces (dried after
dilute hydrofluoric acid cleaning so as to remove natural
oxidation membranes and obtain hydrophobic surfaces in advance)
were put in a same cleaning carrier in the cleaning test of the
Example 3-1. The number of adhered particles after cleaning
was measured.

[0053]

(Example 4-2)

In order to check the re-adhegion behavior of the removed
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This is sane as the Conparative Exanple 1-1 except that the sanple is a
silicon wafer imrediately after CMP (two mllions or nore particles having
a dianeter of 0.13 mor nore are adhering), and the raw material liquid
contains 10 mM of TMAH and 30 mM of hydrogen peroxide. [0052] (Exanple
4-1) In order to check the re-adhesion behavior of the renoved particles, a

silicon wafer, having clean surfaces (dried after dilute drof.lupric acid
Cl eani ng S s T oo Te RSP U EER TS TR FUREE SR R (AL BRrE TUR ophobi ¢
surf aces in advance) were put in a sane cleaning carrier in the cleaning
test of tHetlE@ & atiuonie idef ARSI P HHT | keBIVAfRRFUEFkani ng
was neasured. [0053] (Exanple 4-2) In order to check the re-adhesion

behavi or ofxidet remeatrabh8spard pbtesn hydgidphodn ovafiefabasiimgadvaamesur f aces
(dried after dilute hydrofluoric acid cleaning so as to renove natural

oxi dati on yerdiaresnand et al BahYH50R4M0R & SW EBEES] ddh ARly aRGR) ofWERe put in
a sane cleaning carrier in the cleaning test of the Exanple 3-2. The nunber

of adherexkigwéiéﬂjg%.af%%g %hﬁ%@&ngf g@ﬁegggsg£§9101885§}ter cleaning
was measured.

[0054]

(Comparative Example 4)

In order to check the re-adhesion behavior of the removed
particles, a silicon wafer having clean surfaces {(dried after
dilute hydrofluoric acid cleaning so as to remove natural
oxidation membranes and obtain hydrophobic surfaces in advance)
were put in a same cleaning carrier in the cleaning test of the
Comparative Example 3. The number of adhered particles after
cleaning was measured.

[0055]

(Examples 5-1 to 5-12)

Sample: A P-type mirror silicon wafer which had undergone
dilute hydrofluoric acid cleaning and then spin drying so as
to remove a natural oxidation membrane and had a hydropheobic
surface and a diameter of 200 mm was immersed in 1 N of
hydrochloric acid solution in which silicon nitride powder
{(grain size distribution: 500 nm) was dispersed, thereby
causing silicon nitride particles to adhere thereto.

[0056]
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(Conparative Exanple 4) In order to check the re-adhesion behavior of the
renoved particles, a silicon wafer having clean surfaces (dried after
dilute hydrofluoric acid cleaning so as to renove natural oxidation
menbranes and obtain hydrophobi c surfaces in advance) were put in a sane
cleaning carrier in the cleaning test of the Conparative Exanple 3. The

nunber of adher rgi t - i r 0 (Exanpl es
5-1 to 5-12) Saqn%rreé?ir%& gf?ﬁ? rﬁt&glgﬁdg%ﬁ%agﬁ%ia?ﬁj%datg ﬁjﬁi(feor g%?r(le

di lute hydrofluoric acid ¢leaning and then spin drying so as 0 repove a
natural oxi 449 é?‘?qéﬁg'refn a¥id*h d&aﬁ’?&reb”pﬁ%bpcl é‘ﬂrg’éc‘&oﬁ'ﬁda ¥ eFret er of
200 mMmwas_imrersed in 1 N of hydrochloric acid solution in which silicon
nitride povti&easygearehtspsetlye stimbagt péneasoickey. ids 68i09pereddcednar eby
causing silicon nitride particles to adhere thereto. [0056] 19 Herein, as

t he parti dieadnt aniglatTarhrariovmtes S0pdmat 0GR parded] es having a
dianeter of 0.1 mor nore adhered. In neasurenent of the nunber of
particles, LS 65QQsgproduced by Hitachi Hi gh-Technol ogi es Corporation was
used. [0057] deaning Liquid: In each of the exanples, the cleaning

Cleaning Ligquid: In each of the examples, the cleaning
liguid prepared so as to contain TMAH and hydrogen peroxide
having the concentrations shown in a table 3 was used.

[0058]

Cleaning Method: The 40 L-cleaning bath was filled with
the liquid containing TMAH and hydrogen peroxide having the
predetermined concentrations shown in the table 3, one nozzle
part of the micro-bubble generating apparatus (M2-MS/PTFE type
produced by Nanoplanet Regearch Institute Corporation.) was
provided at a bottom position of the cleaning bath, and
micro-bubbles were kept being generated at 1 L/min. A hydrogen
gas was used as the gas for bubbles. Micro-bubbles were kept
being generated for five minutes before the wafer was introduced
into the cleaning bath, and the micro-bubbles were kept being
generated also during cleaning. The dissolved hydrogen
concentration in the cleaning liquid during cleaning was 0.5
ppm. The ultrasonic waves having a frequency of 1 MHz and output
power of 1 kW were irradiated thoroughly during cleaning.

[0059]

The sample was immersed therein for five minutes at a
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liquid prepared so as to contain TMAH and hydrogen peroxi de having the
concentrations shown in a table 3 was used. [0058] C eaning Method: The 40
L-cleaning bath was filled with the liquid containing TMAH and hydrogen

per oxi de having the predeterm ned concentrations shown in the table 3, one
nozzle part of the m cro-bubble generating apparatus (NQ NB/PTFE type
produced by. Nanopl anet Resear% | hstitute Corporation. 8r vided at a
bot t om post 1F&H! G 3N PhgE Bath, TRRE: i rﬁ?W&ﬂﬁbW@§ REW@ ptP¥ei ng
generated at 1 L/mn. A hydrogen gas was used as the gas for bubbl es.

M cr o- bubb} & &y élkéﬁrpuséuW@t%férb@rtébeanﬂo?umww FGt e¥eBELorer e waf er
was introduced into the cleaning bath, and the m cro-bubbles were kept

bei ng gen@mfuﬁihéﬂmmhuhﬂérux(jcﬂmningheﬁhetﬂé5§£myB@ hydr ogeneceedcent rati on
in the cleaning liquid during cleaning was 0.5 ppm The ultrasonic waves
having a f&eouensyi@f. 1 Mz and output power of 1 kWwere irradiated

t horoughly during cleaning. [0059] The sanple was imersed therein for five
mnutes at a Zothﬂﬂﬂid tenperature of 60C. Then, the sanple was renoved,

put into an ultg re water bath, and subjected to overflow rinse for

five mnutes at 20C Then, the sanple was subjected to _spin drying. [0060]
In particle measurement of the sample wafer befotre and

after cleaning, LS 6500 produced by Hitachi High-Technologies
Corporation was used. The removal rate of the particles having
a diameter of 0.1 um or more was obtained from the number of
adhered particles before and after the cleaning.

[0061]

{(Comparative Example 5)

This 18 same as the examples 5-1 to 5-12 except that APM
(4700 ppm of ammonia and 31000 ppm of hydrogen peroxide) was
used as the cleaning liguid, and hydrogen micro-bubbles were

not used.
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In particle nmeasurenent of the sanple wafer before and after cleaning, LS
6500 produced by Hitachi Hi gh-Technol ogi es Corporation was used. The
renoval rate of the particles having a dianmeter of 0.1 mor nore was
obtained fromthe nunber of adhered particles before and after the

cl eaning. [0061] (Conparative Exanple 5) This is sane as the exanples 5-1

to 5-12 ex (4700 ppm of amoni a and 31000 ppm of hydrogen
per oxi de) g\g@ézt@dbfgl\qf%e cl eaning liquid, and hydrogen m cro-bubbl es were

not used. 21 FOOG%]R[FTabI e 1] w Materipl Hydrogep Utrasonic Dissolve
Particl e |[Renoval |Rrydagrial cr otise es | Yirasdviat i opPipliedgen | Batice Reggpval
Concentration O. 13 mor nore Exanple |-] Utra-pufe Water Yes Yes 0. 5ppm 45%
Exanpl e 1-2 HydrogémuMat er YesM¥esBubblesppimdiativa Copfigiratn ve Hiate Gt)en Watjer No
Yes |. 4pqm 40% a anple 1-1 Conparative| Utra-purg Water Yes No 0. 5ppm20%
Exanpl e 1-2 Eaxnple 2-1 U tralpure Wat er Yes Yes Dcép&mtﬁ,g% 0.NHBn 5o
Example 1-1 | Ultra-pure Water | Yes Yes 0.5ppm 45%
Example [-2 | Hydrogen Water | Yes Yes 1.5ppm 47%
Comparative | Hydrogen Water | No Yes l.dppm 40%
Example !-1
Comparative | Ultra-pure Water | Yes No 0.5ppm 20%
Example 1-2
Eaxmple 2-1 | Ultra-pure Water | Yes Yes 0.5ppm 69%
NH3
H202
Example 2-2 | Hydrogen Water | Yes Yes 1.5ppm 72%
NH3
H202
Comparative | Hydrogen Water | No Yes 1.4ppm 61%
Example 2 NH3
H202
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Exanpl e 2-2 Hydrogen Water Yes Yes 1.5ppm 72% NH3 H2O2 Conparative

Hydr ogen Water No Yes 1.4ppm 61% Exanple 2 NH3 H202 22 [0063] [Table 21 Raw
Mat eri al Hydrogen U tra- Dissolved Surface Particle Nunber Particle Nunber
Liquid Mcro- sonic Hydrogen State of Test before C eaning after C eaning
Bubbl es irradi a- Concen- Wafer Test Test tion tration 0.13mor nore 0.13 m

nor e EE(OO% }Hat\%}ae%re Water Yes Yes 0.5 ppmImmediately > 2 mllions

13322 TNVA fter 02 Ex. 3-2 Hydrogen Water Yes Yes 1.5 ppm
| medijat el y mllions 11120 | TMAH after CVP H202 Hydr ogen VMt er Ng
Yes 1./4 ppm |ffﬁ’fb%?‘%{talel yhi‘?dr?ﬁe'l‘l Whrs 1/oRissivedey Surfeerp B;F‘é"r ﬁé’emcle fymber
4-1 Uitra-pure Water Yes Yes 0.\5 ppm Hydro- %20- 100 4B20 TVAH phObI c H202
Ex. 4-]2 Hydrpgend Wat er [YBi&rdfes |Boic ppinhljdyedeno S@G-of TR0 | Bfdd Cleaning | after Cleaning
Bubbles irradia- | Concen- Wafer Test Test
tion tration 0.13um or more | 0.13 um or more
Ex.3-1 Ultra-pure Water | Yes Yes 0.5 ppm Immediately | > 2 millions 13322
TMAH after CMP
H202
Ex.3-2 | Hydrogen Water | Yes Yes 1.5 ppm Immediate!y1 > 2 miilions 11120
TMAH after CMP
H202
Comp. | Hydrogen Water | No Yes 1.4 ppm Immediately | > 2 millions 19023
Ex.3 TMAH after CMP
H202
Ex.4-1 | Ultra-pure Water | Yes Yes 0.5 ppm Hydro- 20 - 100 4820
TMAH phobic
H202
Ex.4-2 | Hydrogen Water [ Yes Yes 1.5 ppm Hydro- 20 - 100 31t
NH3 phobic
H202
Comp. Hydrogen Water | No Yes 1.4 ppm Hydro- 20 - 100 17985
Ex. 4 TMAH phobic
H202
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NH3 phobi

¢ H202 Conp. Hydrogen \Water

No Yes 1.4 ppm Hydro-

20

- 100 17985

Ex. 4 TMAH phobi ¢ H202 23 [0064][ Tabl e 3] TMAH NH3 H202 Hydrogen Surface

Particle
Rat e

Concentrati on Concentrati on Concentrati on M cro-

(ppm) (ppm (ppm) Bubbles (Haze) (% 65 nm or
Yes No 35% Ex. 5-2 800 0 1000 Yes No 30%

nor e

Roughness Renoval
Ex. 5-1 800 0 500
Ex. 5-3 800 0 3000 Yes No 28%

5-4 800 O g@@% ]Yglsal%?e % Ex. 5-5 1600 O 500 Yes Yes Unneasurable due to
surface roughness . 5-6 1600 O 1000 Yes No 53% Ex. 5-7 1600 0 3000 Yes
No 52% Ex. 5-811600 0 7000 Yes No 45% Ex. 5-9 3000 0[500 Yes [Yes
Unrreasurdﬁ:il e dyeMAisurf g8 r oughnd¥2ex. 5- ]1043’9(9@@‘ HSABE0 YesPaEs!60%
Concentration | Concentration | Concentration | Micro- Roughness | Removal Rate
(ppm) (ppm) (ppm) Bubbles | (Haze) (%)
65 nm or more

Ex. 5-1 800 0 500 Yes No 35%

Ex. 5-2 800 0 1000 Yes No 30%

Ex. 5-3 800 0 3000 Yes No 28%

Ex. 5-4 800 0 7000 Yes No 26%

Ex. 3-§ 1600 0 500 Yes Yes Unmeasurable
due to surface
roughness

Ex. 5-6 1600 0 1000 Yes No 53%

Ex. 5-7 1600 0 3000 Yes No 52%

Ex. 5-8 1600 0 7000 Yes No 45%

Ex. 5-9 3000 0 500 Yes Yes Unmeasurable
due to surface
roughness

Ex. 5-10 | 3000 0 1000 Yes No 60%

Ex.5-11 1 3000 0 3000 Yes No 49%

Ex. 5-12 | 3000 0 7000 Yes No 40%

Comp. 0 4700 31000 No No 35%

Ex. 5
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Ex.5-11 3000 0 3000 Yes No 49% Ex.5-12 3000 O 7000 Yes No 40% Conmp. 0 4700
31000 No No 35% Ex. 5 24 [0065] (Results) Inplenentation conditions and
obtained results are sunmarized in the table 1 to table 3. [0066] The
foll owi ng can be understood fromthe table 1 to table 3. [0067) It is
understood that, when cleaning is carried out in the presence of hydrogen

m cr o- bubbl es and under ultrasonic irradiation, the surface contam nation
can be significantly renoved. It can be understood that, in the Exanple
1-1, the effect da% the m cro-bubbl es are exerted since the cleaning
ability is high alt Jugh t he di ssol ved hydrogen concentration is |ower than
the Conparative Exanple 1-1. The renoval ability is further inproved when
the liquid is neiR®Saildéd to be alkaline. It can be understood that
roughness of the surface (haze) can be prevented by addi ng hydrogen

per oxi de. [ 0068[ImpAcr@ntiatg dro ddmelitakires 3nd tobxan deel urdarldoaed-d hat, when

summarized in the table 1 to table 3.
[0066]

The following can be understood from the table 1 to table

[0067]

It is understood that, when cleaning is carried out in
the presence of hydrogen micro-bubbles and under ultrasonic
irradiation, the surface contamination can be significantly
removed. It can be understood that, in the Example 1-1, the
effects of the micro-bubbles are exerted since the cleaning
ability is high although the digssolved hydrogen concentration
is lower than the Comparative Example 1-1. The removal ability
is further improved when the liquid is maintained to be alkaline.
It can be understood that roughness of the surface (haze) can
be prevented by adding hydrogen peroxide.

[0068]

According to the Table 3, it can be understood that, when
the hydrogen micro-bubbles are introduced into 800 ppm of TMAH
and 500 ppm of hydrogen peroxide, the cleaning ability
equivalent to that of general APM (4700 ppm of ammonia and 31000
ppm of hydrogen peroxide) without hydrogen micro-bubbles is
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t he hydrogen m cro-bubbles are introduced into 800 ppmof TMAH and 500 ppm

of hydrogen peroxide, the cleaning ability equivalent to that of general

APM (4700 ppm of ammoni a and 31000 ppm of hydrogen peroxi de) w thout

hydrogen m cro-bubbles is 25 achieved. In other words, it can be understood

that the chem cal solution concentration can be |largely reduced by

i ntroducin theégydr% en. 1 Cro-h bbl%%. it .can be %nd rg %pd that the
" i ' 51 c ration.

Al so,
cl eaning a ﬁPf?@ i's al'so |ﬁ%}89§ Sby |ﬁ€P€§§iH&dFﬁ§t?ﬁEH
[0069] According to the results of the Exanples 4-1 and 4-2 and the
Conpar at i V& SULUG Fon HPIREUHF Ub SR R | 1Al HeedUsRR dgen
m cr o- bubbl es are added, re-adhesion of the particles which are renoved
from t he wafterodurifrar & renduyptesert mictdréuldleani n@llsioquiid icart bbe wat er bat h
can be significantly suppressed. [0070] As a result, inprovenment in the

removal ahidddsetod haPalHd cdiesartihd e Mafef sdrdaee oagrbeeexpect ed.
[Industrial Applicability] [0071] The cleaning |iquid and cl eani ng net hods

o o BRSO R A R muenton ean be apl e

[0069]

According to the results of the Examples 4-1 and 4-2 and
the Comparative Example 4, it can be understood that, when the
hydrogen micro-bubbles are added, re-adhesion of the particles
which are removed from the wafer surface and present in the
cleaning liquid in the water bath can be significantly
suppressed.

[o070]

As a result, improvement in the removal ability of the
particles on the wafer surface can be expected.

[Industrial Applicability]

foo71])

The cleaning liquid and cleaning methods of silicon
wafers according to the present invention can be applied
generally to cleaning treatment of silicon wafers which have

been conventionally carried out.
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been conventionally carried out. 26 [Docunent Nane] Clains [Claim1l] A
cleaning liquid for an electronic material, characterized by being an
aqueous liquid which contains mcro-bubbles generated by a hydrogen gas and
to which wultrasonic oscillation is inparted. [Claim2] The cleaning liquid
for the electronic material according to claim1l, wherein the aqueous

liquidis fﬁé &Eéﬁﬁ‘ﬁgﬁgfr'clggkgi”‘3] The cleaning liquid for the
Ia

el ectroni c mater accordi ng 0 claim1l, wherein the aqueous liquid is
hydrogen water. [Claim4] A cleaning nethod of an electronic nmaterial,
characteri Jﬂyjﬂeing carried out in an aqueous liquid in which hydrogen

m cr o- bubbl es are present and under ultrasonic irradiation. [Caim5] The
cl eani ng net hod Pofclielvar iglice dtirannict fivat eni &l eatowndiongrattayriglai m 4, wherein
the aqueous liquid is ultra-pure water. [C aim6] The cleaning nethod of
the el ect r&iad@delidad REAH hdtan tanEdidn quiher@iiti heomermoys liquid is

hydr ogen wat er .
micro-bubbles generated by a hydrogen gas and to which
ultrasonic oscillation is imparted.
[Claim 2]

The cleaning liquid for the electronic material according
to claim 1, wherein the agueous liquid is ultra-pure water.
[Claim 3]

The cleaning liquid for the electronic material according
tc claim 1, wherein the agueous liquid is hydrogen water.
[Claim 4]}

A cleaning method of an electronic material,
characterized by being carried out in an agqueous liquid in which
hydrogen micro-bubbles are present and under ultrasonic
irradiation.

[Claim 5]

The cleaning method of the electronic material according
to c¢laim 4, wherein the aqueous liquid is ultra-pure water.
[Claim €]

The cleaning method of the electronic material according
to claim 4, wherein the agueous liquid is hydrogen water.
[Claim 7]

The cleaning method of the electronic material described
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[Claim7] The cleaning nethod of the electronic material described 27 in
any one of clains 4 to 6, wherein alkali is further added to the aqueous
liquid. [Caim8] The cleaning nethod of the electronic material described
in any one of clains 4 to 6, wherein al kali and hydrogen peroxide is added
to the aqueous liquid. [Caim9] The cleaning nethod of the electronic

added 1o The Hansoust POnRE Rah e Rt 1B el T e e R A 10
C m

el ectroni erial accordin to claim7 or 8, wherein the added al kal
contains & It @Qﬁﬁ?u§ﬁl%ﬂﬁ%qnnhydroxide, pot assi um hydr oxi de, ammoni a,
t et ranet hyl ammoni um hydr oxi de (TMAH), and choline. [ aim 11) The cl eaning
met hod of tHe&i& &dtronic material according to claims 4 to 10, wherein the
el ectronic material is a silicon wafer. 28

The cleaning method of the electronic material described

in any one of claims 4 to 6, wherein alkali and hydrogen peroxide
is added to the aqueous liquid.
[Claim 9]

The cleaning method of the electronic material described
in any one of claims 4 to 8, wherein a surfactant is added to
the agqueous liquid.

[Claim 10]

The cleaning method of the electronic material according
toc claim 7 or 8, wherein the added alkali containsg at least one
of sodium hydroxide, potassium hydroxide, ammonia,
tetramethylammonium hydroxide (TMAH), and choline.

[Claim 11]

The cleaning method of the electronic material according

to claims 4 to 10, wherein the electronic material is a silicon

wafer.
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