1 C eaning Method of Semi conductor Wafer DESCRI PTI.ON,5_[Technical _Field]
[0001] The present invention relates to a cleaning nethod ‘carried out in a
step of processing a sem conductor wafer of, for exanple, silicon.
Background Art [0002] A sem conduct or wafer (substrate) used in a
sem conductor device is produced by processing an ingot block, which is
girown by the 15 Czochral ski nethod or the floating zone nethod, into a
mrrorsurface-like thin plate. In processing steps thereof, mainly, (1) a
slicing step of slicing the ingot block into wafers, (2) a beveling step
of beveling an outer peripheral part of the sliced wafers, (3) a

pl anari zation step of planarizing the bevel ed wafers by using, for 20
exanpl e, lapping or surface grinding, (4) .an etching step for renoving
processi ng di storti on OF3PHES Heer 2 PRAFRPLCHE) "&ES%0l i shing step of
pol i shing both surfaces or one surface of each of the etched wafers, (6) a
thermal _treatnent step, an inspection step, various cleaning steps etc.
are carPFgﬁR%RHFONZS[OOOS] Conventionally, in the polishing step of
pol i shing one surface of a wafer, wax is applied onto one surface of the

waf er tQQEC-§R§ :ﬁﬁlished, it is fixed to a turntable, and the other

e
surface i's p&lﬁghgﬁf fter this polishing step, in order to renove the wax

[0001]

The present invention relates to a cleaning method carried out
in a step of processing a semiconductor wafer of, for example,
W silicon.
w(ﬁf Background Art
[0002]

A semiconductor wafer (substrate) used in a semiconductor device

is produced by processing an ingot block, which is grown by the

15 Crochralski method or the floating zone method, into a mirrer-
surface~like thin plate. In processing steps thereof, mainly, (1) a
slicing step of slicing the ingot block into wafers, (2} a beveling
step of beveling an outer peripheral part of the sliced wafers, (3} a
planarization step of planarizing the beveled wafers by using, for

20 example, lapping or surface grinding, (4) an etching step for
removing processing distortion of the planarized wafers, (5) a
polishing step of polishing both surfaces or one surface of each of

1(;{k the etched wafers, (6) a thermal treatment step, an inspection step,

various cleaning steps etc. are carried out.

25 [00031]

Conventionally, in the polishing step of polishing one surface
of a ﬁafer, wax is applied onto ome surface of the wafer that is to
be polished, it is fixed to a turntable, and the other surface is
polished. After this peolishing step, in order to remove the wax

30 adhering te the wafer and the particles adhered thereto during
process, cleaning using bases, etc. is carried out (éee Patent
Document 1). In this method, the wax adhering to the wafer surface

is sometimes removed in the manner that it is exfoliated instead of
being completely
35



30 adhering to the wafer and the particles adhered thereto during process,
cl eani ng using bases, etc. is carried out (see Patent Docunent 1). In this
nmet hod, the wax adhering to the wafer surface is sonetines renoved in the
manner that it is exfoliated instead of being conpletely 2 dissolved in a
cleaning liquid, and there has been a possibility of residual wax after
the cleaning. [Patent Docunent 1] Japanese Unexam ned Patent Application
Publ i cati on No. 8-213356 [DI SCLOSURE OF THE | NVENTI ON] [ Problens to be

Sol ved by the Invention] [0004] The present invention has found out
a probl etimvlved ok ricatingtliquidy atdéherd iRaticag apPokdisityodf refigut onMamich aral

t echni ques,: t he wax exfoliated as solid matters .wi t hout being dissol ved
re-adhered 0¥t o the wafer as particles, contam nates the wafer, and causes
cl oggi ng of dPitnttIicumbntal | C igpandss Wnerdmined PAGR]ApplicationEnbodi ment s of the
pr esent eﬂé@}/ienii g;ﬁé#o provi de a cl eani ng nmethod capabl e of solving the
above d ?35‘88?%' %nd effici ently carrying out wax renoval of the
waf er. [[MeSCISOSURESH YHEANMENTRORY! ens] [ 0006] In order to solve the
above de[ﬁcri bed Br ob] e t he presént inventors keenly exam ned and, as a
resul t, [FORIFRsdare caked brihejasentighlering to the surface of the wafer can be
uni f or mygogsgnoved whil e conpletely dissolving the wax into cleaning |iquid
wi t hout exfoliating the wax as solid matters by cl eaning the wafer by

usi ng the cl d&finigsen; Bypriicnohasafontt guik drotjebitice poing fht, aio ctherpldasingd t he
present i : Ehecal . A e i he

pr esent n?%cﬁlﬁf}tgﬂc?%v?%%él tte%hnzliqug ’eaﬁyﬁg%%%)élﬁtgga%%/dhrdelﬁ%t\ee?%éﬂ%v%@fbe%ﬁi chis
adher i ndiselved sendhstasderie dhe wafarassparfides , cobtpmirsitesgthe | veefin, rgd | dagsesd, t he

cl eanin | i,n that the cleaning liquid contains

m cr Obu%g{@%’@%‘? gﬁ%ﬁﬁéﬁ%{rﬂﬁuﬁl es can be generated by introduci ng gas by
usi ng al®fo bubbl e generating device, and during cleaning the micro

bubbl es are %%E)dfﬁ%n&gofqgen&resaetn?gﬁveLtcl)(%oge]ak to provide a cleaning method capable

of solving the above described problem and efficiently carrying out wax removal of the

wafer.
[Means for Solving the Problems}
[0006]

In order to solve the above described problem, the present inventors keenly
examined and, as a result, found out that the wax adhering to the surface of the wafer can
be uniformly removed while completely dissolving the wax into cleaning liquid without
exfoliating the wax as solid matters by cleaning the wafer by using the cleaning liquid
containing microbubbles, and accomplished the present invention.

[0007]

More specifically, an 'aspect of the present invention relates to a cleaning method
of removing wax, which is adhering to a semiconductor wafer surface, by using cleaning
liquid, the cleaning method characterized in that the cleaning liquid contains
microbubbles, wherein micro bubbles can be generated by introducing gas by using a
micro bubble generating device, and during cleaning the micro bubbles are kept being
generated.

[0008]
Furthermore, the present invention relates to the cleaning method, wherein the

cleaning liquid contains an alkaline component and a surfactant.



3 [0009] Furthernore, the present invention relates to the cleaning
nmet hod, wherein the al kaline conponent is ammoni a or organi c anmmobni um
hydr oxi de. 5[ 0010] Furthernore, "the present invention relates to

t he cl eani ng nmet hod, wherein the seniconductor wafer is a silicon wafer.
[Effects of the Invention] [0011] 10l n the cleaning nethod according to
the present invention, by using the cleaning |iquid containing

m cr obubbl es, the wax adhering to the surface of the wafer can be
uniformy renmoved while dissolving in the cleaning |iquid wthout
exfoliating as solid matters, and the risk of re-contam nating the wafer
by the pggdoogl es generated by the 15 wax which is exfoliated as solid
matters In a wax renmoval process can be | owered, [BEST, MODES FOR CARRYI NG
OUT THE | NVENFEERGLgG12fhe present invigariom 451 8FeS e *BP S &R fivent i on
wi |l be gxpbal nadrieAn et k201 v tddnponed6di amitinial 00 1¥ganic ammolben
present invention relates to a cleaning nethod of renobving wax that
adher es 1¥5*8%*8%i conduct or wafer surface by using a cleaning |iquid, the
cl eani ngigrethod characterized in that the cleaning liquid 25 contains

m cr obubbl es._ [ 0014 No particular limtatiqn Ls_ inmpased on the
mat eri al , shgﬁé?h%ﬁ‘%’.’:%fﬂf%@r\fégﬁ WEe l%naﬁ%gg% gté)ng ®by the ¢l eani ng
met hod ofethhe, prhesend thw ephi otnduther nedfer aé a ndllddes wederous naterial s

used in convent i na%%senic ductor fabrication. Specifically, the
nateria”%%ﬁgfdﬁé%tgg? anxé?Q r a conposite material thereof. In the
present fowaenti on, the shape of the wafer includes the shapes forned

d“_: :_1(@85"2[1;8@ PLOGEESh NGy SRS WU ahE CPRUENSLYRE PRy, kiown
- using the cleaning liquid containing microbubbles, the wax adhering
to the surface of the wafer can be uniformly removed while dissolving
in the cleéning liguid without exfoliating as solid matters, and the
risk of re-contaminating the wafer by the particles generated by the
15 wax which is exfoliated as solid matters in a wax removal process can
be lowered.
[BEST MODES FOR CARRYING OUT THE INVENTION]
[0012]
Hereinafter,rthe present invention will be explained in detail
20 with an embodiment. |
L0013}

The present invention relates to a cleaning method of removing
wax that adheres to a semiconductor wafer surface by using a cleaning
liguid, the cleaning method characterized in that the cleaning liquid

25 contains microbubbles.
[014]

No particular limitation is imposed on the material, shape, etc.
of the wafer which can be cleaned by the cleaning method of the
present invention. The material includes various materials used in

30 conventional semiconductor fabrication. Specifically, the material
includes 8i, Ge, As, or a composite material therecf. 1In the present
invention, the shape of the wafer includes the shapes formed during

various processing steps which are conventional publicly-known

various shapes.



4 Preferably, silicon wafers in the stages of normal silicon wafer
fabrication steps are included. [0015) In the cleaning nethod of the
present invention, the wax serving 5 as a renoval target is the wax which
is used in a polishing step, etc. of a normal sem conductor wafer, no
particular limtation is inposed also on the type thereof, and the wax
general ly conprises a wax conponent of ja wax-1ike substance, a resin
conponent, and an additive. Exanples of the wax conponent for controlling
viscosity, 10 extension, and flexibility, which mainly relate to polishing
accuracy, include natural-based substances such as bees wax, oils and

fats, carRaubas,1,SUBRC WaXwadles D&y ahéidtaed synidiaeki cshased wast ances
such as pol yethyl ene glycol and pol ypropyl ene glycol. Exanples of the

resin cHfpPEhENt PoPtYOhES FRAgSdhesi on force, 15 resistance to shock,
har dnessjpgebg., which mainly relate to retention force, include
nat ur al - based substances such _as shellac, rosin, an

itch and .
synt het i c- badBd=R&uGSEARTES TEHERY & \?Fﬁyﬁ’r?c‘?@ftaflévewpgh,&aec POt i FTEVaRe
VarlGLE;d@OhyTﬁmdﬁalEﬂéﬁﬁﬂteSsO{hd|Naxadmhdh Ve fiesd dantrpdlishgng|aani ng
per f or mance, ﬁntioxi ation %#?t fSIStanC%ﬁZZQ wet t abllégy .etc.

i ncl ude S7&r i OUE LOFFAL PERE OIS Apit 1at PEPFormit ieredr "5 A €8 not
parti culiapbyed iatistesdh taaledtgpzanmeesofha’:ﬁothe rw:imcc_tenspar]alw waxprisekid wax,

and coatlng a ents 016 h nlng Qui d ni qui d can
be used "'t hd par Fﬁ%]%r% BSF |on as n'b°ﬁ%§“%hé eahlng liquid

is used aﬂditi\&rmvmgngﬂee vaxiheamndx sqamnfent;af-dw coanrauu@gusmqoqamr whi ch
s %Qva@&%g{% s, ! L NS ROLET; A, LANDY HaiREL T ATRCE, Hordbhenpnd Fats,

sins {tarning an i ne conponent” and
r f act anturacypr éfieyuded neBRfO0PEped substERaep|WShofs thResalkad i9dds cifbonent

I ncl udegﬁkka'a AELR, *}Aﬁﬁsexe,%? ak{ahpa%ﬂfahhéwsw@ﬁ@&@%aséadl um

hydr oxi pot assi um hydr'oxi de: al kal'ine-earth netal h drOX|de such
as cal cSURFrARNeSX e ATRERALES UMLIRDEr Sicad, 2ath PBAPF ORI IAPar

Examples of the resin component for comtrolling adhesion force,

15 resistance to shock, hardness, ete., which mainly relate to retention
force, include natural-based substances such as shellac, rosin, and
pitch and synthetic-based substances such as vinyl acetate, nylon,
acrylic, and various polymers. Examples of the additive for
controlling cleaning performance, antioxidation, thermal resistance,

20 wettability, etc. include various surfactants. The application form
thereof is also not particularly limited, and examples thereof

- include spray wax, solid wax, and coating agents.
(1 [0016]
As the cleaning liquid, a cleaning liguid can be used without no

25 particular limitation as long as the cleaning liguid is used for
removing the wax, and, specifically, an aqueous liquid which is
advantagecus in the point of removal performance of oils and fats,
resins, particles, etc. and containing an alkaline component and
surfactant is preferred.

30 [0017]

Examples of the alkaline component include alkali metal

- hydroxide such as lithium hydroxide, sodium hydroxide, and



i norgani ¢ ammoni um hydr oxi de such as anmoni a and hydroxyl am ne; organic
anmoni um hydr oxi de such as nononet hyl amoni um hydr oxi de, 5

di et hyl ammoni um hydr oxi de, tri nmet hyl ammoni um hydr oxi de, _

t et ramet hyl ammoni um hydr oxi de, tetraethyl ammoni um hydroxi de, (n- or i-)

t et r apr opyl ammoni um hydroxi de, (n-, i-, or t-) tetrabutylamoni um
hydr oxi de, tetrapentyl ammoni um hydroxi de, tetrahexyl anmoni um hydroxi de,
and choline; and m xtures thereof. Anong these inorganic 10 and organic
ammoni um hydr oxi des, ammoni a, tetramethyl ammoni um hydr oxi de, or choli ne
whi ch can obtain chemcal liquid of a high cleaning | evel at conparatively

| ow cost oftagsﬁﬁrmhgaeéyﬁeor aCkEBN NG akBh HR:ET ARiN6xH880sudr084 8larka The
surfactant i s added for, rrgrow ng. the solubility of the wax which is the

removal MEFgEtde afgIRe T ABPEOKIger apRdfterddR BEIrSEEERt ed i n accor dance

Wi th thanweXawt chmbsidih@yhesPud] stiah0ed .ankXaiPle8 Bididier1stidact ant
i nclude a nonionic surfactant, anionic surfactant, cati on| ¢ surfactant,

amphol yCFE2RF AFPPENTT LYHEoRT 4% (6D 20 THEPEHRYLFEATEG™ DYdroXi8e | es of

t hef ﬂonidQﬂéﬂlﬁmﬁnaﬁiﬁﬂthgidﬁﬁkiklﬂiﬂ &mlu.ﬁékwﬁmao@mmdelyadﬁbemet ,ype noni onic
surfactant and.a ydric . a 0 e ionic s ecific
exanpl e$® Bfarfeﬁélyég %/Wéﬂ k}%iild%x deaeg%peé:hﬁ AT Bfﬁ‘u%ycgrt? g%t a&{z Phcl ude
hi gher aI-G:Oﬂi‘E{ﬂrapabi{ylmemﬁJhm Hmdgdwﬁ.déat try attd,orhitgheretaiakyt grdmenian t he

like to V\gl ch egpae e%zél ggmgfor ex XJ-,deet heyl Lne. alngn% _(Lher ei nafter,
abbr evi & EO¥ 0 yP’ene oxi de, %ucf Fehe" 0% eI erernafter, the

sane) i sydm}eaitel,yaa@dﬂnbllﬁaanqucéstmtutm tp@ltqdn@/dr poord ddkek iI)q:Iaambq:li oni c
sur f,act an C e y i co f.at t i t yhydri c
grcdho 2 S oy Y o lons B, e B8k 857 Sfon D
anpl ebydfotide . apt oricd inar ¥actharen eiedaide chemisety L1 quiak pdsa (High exanpl e,
Satur Al fdo s SBH AedohBLi % REh Jo: Avoa i hap; k57 Obs Bty 22) OF
sul fu ]( e, l}ng er

salts t ereof ric es salts (for exa al cohol sulfurlc
ester saFtBr@(ﬂeéﬁbéxamﬂde, sulfurl c ester
{0018}
15 The surfactant is added for improving the solubility of the wax

which is the removal target, and a sulitable surfactant can be
selected in accordance with the wax which is the removal target.
Examples of the surfactanti include a nonionic surfactanﬁ, anionic
surfactant, cationic surfactant, ampholytic surfactant, and mixtures
20 thereof.
(001971
. Examples of the nonionic surfactant include an alkylene oxide
(: added type nonionic surfactant and a polyhydric alcohol type noniconic
surfactant. Specific examples of the alkylene oxide added type
25 nonionic surfactant include higher alcochol, alkylphenol, higher fatty
acid, higher alkylamine, or the like to which alkylene oxide (for
Aexample, ethylene oxide {hereinafter, abbreviated as EQ}, propylene
oxide, butylene oxide, hereinafter, the same) is directly added.
Examples of the polyhvdric alcohol type nonionic surfactant include
36 polyvhvdric alcohol fatty acid estex, polyhydric alcohol alkyl ether,
fatty acid alkanolamide etc..

[0020]



5 salts of aliphatic al cohol haying carbon nunbers of 8 to 18), higher

al kyl ether sulfuric ester salts (for exanple, sulfuric ester salts of 80
(1 to 10 nols) adduct of aliphatic al cohol having carbon nunbers of 8 to
18), sulfate oil (for exanple, salts obtained by sulfating and
neutralizing natural unsaturated oil and fat or 10 unsaturated wax w t hout
rodi fication), fatty acid ester sulfatg (for exanple, salts obtained by
sul fating and neutral.izing | ower al cohol ester of unsaturated fatty
acids), sulfated olefin (for exanple, salts obtained by sulfating and
neutralizing ol efin having carbon nunbers of 12 to 18), sulfonate (for

exanpl e, al kﬁl{%&?&%n_gfswéc QRALEL1 ¢ lurdbkyinhaphi el erenswfionateas (for
sul fosuccinic acid diester type, a- olefin (carbon nunbers of 12 to 18)

sul f onateEpmPho SPRBFE (e 8t eRASHI S LR or2 teXafpt ¥ DAV HIEC2ZPER HBIPEESr bon

number Qfs § {0 269) o PNRSPROLLEr &5, eEuSAlAS) st @Rl €S Ofort Beaale, s i ncl ude
al kali nmetal (sodium potassium etc,) salts, al kaline-earth netal

(cal ci uRt9ber fdGRBS} AR feric)esiqr sal AT SR s, SHITRG G HE sal ts, and
al kapol agi e @alat $phd3Q23] cohol hakxagplLsodintnbersadf anite s8iv.f agtnst
i ncl ude quat ernary ammoni um salts_such_as tetraal kﬁfmmni um sal

S
al kyl pytailliﬂ'li%%g?‘f]{nréﬁdegz%erarﬁa%Ss s PG Sexi 25 ﬁ?ﬁ'egrar?iag:t%ci d
sal ts obrhighgr tam mencsdgha@sudtavEyhl aNanes . alddB22] hdxagpbesbaof t he

anphol yti c surfacgant .i.ncl ude. am no.acid type .anpholytic surfactants (for
exanpl ef’u%%ﬁsur%%pégﬁ diiat es‘g]ffa}ﬁegﬁé?’ g‘%?rai%%lpalr%’n%a car Sﬁlrh%@r;%grs of 12
to 18)) sussdiimg enestemtrsal tidgy patangphaolngbitcrauesf atl antds £&f orr exanpl e,
sul furic_ester sqdiumsalts_of higher. alkylam rs 8 to
1 Ere R B SR G e PE D LR oL ST BUIRES B
| f ot agremele,[ 6028] oblieiusedyarolfetiofs ehé muwtfract amg ileweorakglbhyl 30% or

| ess, 5f%%%%%rfaghgaéurra?eaOg/gtﬂga%%gdgﬂ t eL LAl 1 el Phteo9f oL g6l eani ng
o salts obtained by sulfating and neutralizing olefin having carbon

ﬁumbers of 12 to 18), sulfonate (for example, alkylbenzene sulfonate,
15 alkyl naphthalene sulfonate, sulfosuccinic acid diester type, o
clefin ({(carbon numbers of 12 to 18) sulfonate}, phosphoric ester
salts (for example, higher alcochol (carbon number of B to 60)
phosphoric ester salts). Bxamples of the salts include alkali metal
{sodium, potassium, etc.) salts, alkaline-earth metal {cal;ium,
20 magnesium, etc.} salts, ammonium salts, alkylamine salts, and

alkanolamine salts.

[0021]
(:' Examples of the cationic surfactant include quaternary ammonium

salts such as tetraalkylammonium salts, alkylpyridinium salts, and

25 amine salts (for example, incrganic acid salts of higher amine such
as lauryl amine).
[0022]

Examples of the ampholytic surfactant include amino acid type

ampholytic surfactants (for example, sodium propicnate of higher

30 alkylamine {carbon numbers of 12 to 18)), sulfuric ester salt type
ampholytic surfactants (for example, sulfuric ester sodium salts of

higher alkylamine (carbon numbers of B to 18)),



The aqueous liquid in which the above described al kal i ne conponent and the
surfactant are dissolved is preferably ultrapure water fromthe

vi ewpoi nt of prevention of wafer contam nation. 10[0025] (7In~tHhe cl eaning
mef hod of the present invention, the species of the gas of the

m crobubbles is not particularly limted; however, specific exanples

t hereof include air, hydrogen, helium ;nitrogen, oxygen, and argon. The

m cr obubbl es of the present invention include 15 not only a single gas
conponent, but al so those conprising two or nore gas conponents.
Specifically, exanples thereof include two or nore species of gas

conponent,y selRoked {fRMRALAEOHA LCORSERILAAGs tuddl bs prdzagem hel ium
ni trogen, oxygen, an&rargoﬁ. [0056] 20Thg p?eﬁ%rat?on met hod of the

m cr obulsB&’Ldiakso not particularly limted, and the nicrobubbles can be
gener at gdohty the ' cleaning liquid by introducing a gas by using a
publicly known m crobubbl e %enerating nmet hqd orxgﬁneralin% device. As the
ni cr obubbl esTHRMERS FRY HeChode V6052 Het ot e r T hedti n°Hubl i cly 25

knows deeur@rdcsvCandeocappbissh chothexanph eyeighthes Witd d1einiMgcagdnthbl es”
witten by Satoshi Oeyama and Makoto M yanoto, Kogyo Chosakai Publi shing,
I nc. (268%3%. Exanpl es of the m crobubbl e generating device include a
hi gh- speed shiearagi:kows thipg@idl £ obulehl ehgeberatdawgrdbwd cakal3p0d027] The

generating conditi of the m crobubhl es used in_the eani.n t hod of
the pr e§8’ﬂ?0r}eﬁ%eﬁ?ﬁyon%’eaﬁar Cetaél%t)ﬁﬁ ot %‘éegésg ﬁ%?eéiaégyrﬁl ctr%ga bl es are
al so nowapar tireuwl grd wilwppied.ofBasederdriohhef walignecarnanshapenof t he used
clquinqoggﬁice, t he nunber of silicon wafers, installation nethod, the
nperature of the cleaning liquid, cleaning tinme, and other additives of

e cl eani ngId itdgei dleaniBioninetoblisld]l ehgarresant npvenbluer, itheaswafiieabbe range
can be '%Eg)iéarsalé;'fl‘é/hes%!i%(ﬁg}glgables is not particularly limited; however,
specific examples thereof include air, hydrogen, helium, nitrogen,
oxygen, and argon. The microbubbles of the present invention include
15 not only a single gas componsnt, but also those comprising two or
more gas components. Specifically, examples thereof include two or
more species of gas cémponents gselected from a group censisting of
air, hydrogen, helium, nitrogen, oxygen, and argon.
[0026]
20 The preparation method of the microbubbles is also. not
particularly limited, and the microbubbles can be generated in the
— cleaning liquid by introducing a gas by using a publicly known
(’ microbubble generating method or generating device. 2As the
microbubbles generating method, wvarious methods described in publicly
25 known documents can be applied (for example, “The World of
Microbubbles” written by Satoshi Ueyama and Makoto Miyamoto, Kogyo
Chosakail Publishing, Inc. {(2006)). Examples of the microbubble
generating device include a high-speed shear flow type microbubble
generating device,
30 [0027]
The generating conditions of the microbubbles used in the

cleaning method of the present invention and the amount of the



[ 0028] The position where the m crobubbles are generated is al so not
particularly limted, and a nozzle part of the m crobubbles can be 10
provi ded at any position of a cleaning confainer. A suitable position can
be arbitrarily selected based on the volune and shape of the used cl eaning
device, the nunmber of silicon wafers, the installation nethod, the
tenperature of the cleaning |iquid, clganing time, and ot her additives of
the cleaning liquid. Specifically, 15 exanples thereof include a bottom
part, a side-surface part, and an upper part of the cleaning container and
a plurality of parts thereof. [D029] A nethod in which m crobubbles are

gener at %@n‘e?a@e&%k%ﬁ\%bl%g Whi Gh shsngh fﬂa@'&?@ilafﬂl?”lixﬁ@:e@' eafi Ml on
container, and then they are introduced into the cleaning container by

Usi ng a tEenvelimey ApEnThaPEn Obeth $GSBnpIRRPARY FRHEENOERS RURER PR he

cl eani ng;69RLAINGE AN 1A tGANL Al &I et RS p&ﬁéuﬁén&@rgtﬁf@miblﬁh@ MRLBEn@r e
coupl ed to each ot her by circul ation c&gl and it is kept bein

ci rcul atlé@uby- £leaAYEYige252pRFIEER tifes ‘bﬁ“rﬁ%y%]oeanﬂ&nﬁelr:f%‘dgr n® whi ch
the gi crabubbligigepenatdiggdend o is 4 naliabbed rdhgancdmer segiakeipart of
conveyi ng p| i ng, and m crobubble water is introduced to the cleaning
cont ai néFLEGrPhe al so enpl oyed. [0030] 30In the above described

enbodi ngpb2st he explanation is given on the assunpti on of a node in which
the wafer is_jmer s%d in.the %%eam n tainer fil ege(\l(\nls wg colteanl ng

c
li qui d; howeV8F PEHEWRT “Eisani gg‘ib "*Caff hg "6t C. Used.
Al so, cbeaﬂj.cnga(rag binicaer | edd cmmom,h'lé eausi of) tudet masmhtmb\h/awe:stm he

CO\mbna%irggldéﬁ%ﬁg| e]po[sog 111 of a cleaning container. A suitable

(j' position can be arbltrariiy selected based on the volume and shape of
the used cleaning device, the number of silicon wafers, the
installation method, the temperature of the cleaning liquid, cleaning
time, and other addltmves of the cleaning liguid. Specifically,

15 examples thereof include a bottom part, a side-surface part, and an
upper pért of the cleaning container and a plurality of parts
thereof.

[0029]

A method in which microbubbles are generated in a container
20 which is different from the cleaning contailner, and then they are
introduced into the cleaning container by using a conveying pump can
(T‘ be also employed. A method in which the cleaning container and a
- container for producing microbubble water are coupled to each other
by circulation piping, and it is kept being circulated by a conveying
25 pump can be also employed. A methed in which the microbubble
generating device is installed at an intermediate part of conveying
piping, and microbubble water is introduced to the cleaning container
can be also employed.
[0030]
30 In the above described embodiment, the explanation is given on
the assumption of a mode in which the wafer is immersed in the
cleaning container filled with the éleaning licuid; however, shower

'cleaning, spray c¢leaning, etc. may be



S5Hereinafter, the present invention will be explained in nore detail based
on an exanple. [0032] 1. Experinental Method I n accordance with
below (1), a wafer having one surface onto 10 which wax was applied was
prepared, and the wafer was cleaned by the nmethod of (2). [0033] (1)
Preparation of the Wafer Having One Surface onto which Wax is Applied
15Skyl i quid (wax produced by N kka Seiko Co. Ltd. (hydrogenerated rosin +
i sopropyl al cohol + toluene)) was applied as wax onto an 8-inch P-type
silicon wafer. A mrror surface of the silicon wafer was upwardly set in a
spin coater, and, while rotating at 3000 rpm 3 nL of the stock solution
of skyliguid was Teasied by.2 qi et £ ABA: 26hAQULSHnd MikEomdiRe saY er of
the substrate. After 20 séconds, the rotation was stopped, and the wafer
was dri éd mAemkim@ltign- [ 0034] (2) d eaning Method As cl eani ng chenical
liquid, AN {jproduced by Tama Chenmicals 25 Co., Ltd., 10%or |ess of
TMAH ('t et ranet hyl ammoni um hydr oxi de) + surfactant) diluted by 20 tinmes by
ul trapurl@%dat er was used, and cleaning was carried out at a |iquid
tenperat ure Qb 20GrtEoNdiH 9RSs&t tihoeex@Plel ANt axpoandsat h vesexanpl e
are as described below. [0035] 30(Exanple) One nozzle part of a

m cr obuBBFethFERAL PhG dEIFBRI(-M2- M5/ PTFE

[0032]
1. Bxperimental Method

in accordance with below (1), a wafer having one surface onto
. 18 which wax was applied was prepared, and the wafer was cleaned by the
(:' method of (2).
[0033]
(1) Preparation of the Wafer Having One Surface onto which Wax is
Applied
15 Skyliguid (wax produced by Nikka Seiko Co. Ltd. (hydrbdbgenerated
rosin + isopropyl alcchol + toluene)) was applied as wax onto an 8-
“inch P-type silicon wafer. A mirror surface of the silicon wafer was
upwardly set in a spin coatex, and, while rotating at 3000 rpm, 3 mlL
of the stock soluticn of skyliquid was measured by a pipette and
20 pourea in from the center of the substrate. After 20 seconds, the
rotation was stopped, and the wafer was dried naturally.
(:‘ . [0034]
{2) Cleaning Method
As cleaning chemical liguid, ANC-1 (produced by Tama Chemicals
25 Co., Ltd., 10% or less of TMAE {tetramethylammonium hydroxide) +
surfactant} diluted by 20 times by ultrapure water was used, and
cleaning was carried out at a liquid temperature of 20°C. Conditions
of the example and a comparative example are as described below.
[0035]
30 (Example)
Cne nozzle part of a microbpbblergenerating device (M2-MS/PTFE
type, produced by Nanoplanet Research Institute Corporation) was

provided at z position of the bottom of a 4L



type, produced by Nanopl anet Research Institute Corporation) was provided
at a position of the bottomof a 4E 10 cleaning bath filled with the

cl eariing chem cal liquid, and m crobubbles of 1 L/mn was continuously
generated and introduced. Air was used as the gas for the bubbles. After
t he m crobubbles were introduced for five mnutes, the silicon wafer
having the surface 5 onto which the way was applied was i mersed therein.
During the i mersion, the m crCbubbles were kept being generated. After
the wafer was i mrersed for predetermned tine (for 1, 3, 5, or 10
mnutes), the wafer was imersed in an ultrapure water rinse bath for one
mnute, -aadnife bg@ﬁn}fﬁl dl Lo Gth Qh\@aéléém%dcgéﬁcaihgﬂquwe wafer 10 was
pul l'ed up and dried by blowng dry air onto the wafer surfaces. [0036]

( Conpar &iryebubbdrpl @f 1 L/min yBe spRtiHEMSE Hed FATREBE bBIce HERBICR Bt

gener at gd, PDErALLOLS éfenblaérf&zo thBOs@ kst hen @xanphe MRE-gpresH Ik ede AL .
15[ 0037] 2. Eval uation Metho The wax renoval state of each wafers

and t helstat®esH fpe @W@aﬁ%%@t‘ﬁrqﬁi‘ﬁ &Y Griam Jaeind GheeF0638] 20 3.

Expesi ngptalwiResuths wax was a@lﬁeﬁeﬁéﬂé tl&un@f:s&.b&@ﬂ’e)fbﬂg t ITD@J:Y\@Q( thenoval
state of the wafers are shown in FIG_ 1 Bhotos and F| G (schenatlc

dr awi ngéFme¥iPsg) the microbubbles yera KART §F1R% MFEFATTS - obé@?‘?ﬁ MG°t he wax
renoval wREOERSES, ikmeried Her corgRtatheexanpl Eort he wars, was Bxfol i ated as

parti Cl%iniééﬁ?,tghe wafer was immersed in an ultrapure water rinse bath for
one minute, and the chemical liguid was rinsed off. Then,. the wafexr
. 10 was pulled up and dried by blowing dry air onto the wafer surfaces.
(: [00386]
{Comparative Example}
Except that the microbubbles were not generated, operations
similar to those of the example were carried out.
15 [0037]
2. Evaluation Method

The wax removal state of each wafers and the state of the
cleaning liquid were visually evaluated.
- [0038)
20 3. Experimental Results

The results of observing the wax removal state of the wafers are
(:. shown in FIG. 1 (photos) and FIG. 2 {schematic drawings).
[0038]
As a result of temporally observing the wax removal process, in
25 the comparative examplé, the wax was exfoliated as particles from the
periphery. Therefore, it was found out that the removed manner of
the wax was non—uniform and uneven. Therefore, it can be said that
the possibility that the wax partially remains is high. The wax was
exfoliated in the state of solid matters, and it can be said that the
30 risk of particle increase and clogging of the filter is high.

[0040]



peri phery. Therefore, it was found out that the renoved manner of the wax
was non-uni formand uneven. Therefore, it can be said that the possibility
that the wax partially remains is high. The wax was exfoliated in the
state of solid matters, and it can be said that the 30 risk of particle

i ncrease and cl oggi ng of the filter is hi gh. [0040] 11 On the other hand,
when the m crobubbl es, were added, the entire surface was unifornly

di ssol ved, and the thickness of the wax was reduced i n whole. Therefore,

it was found out that the renoved manner of the wax is uniformand free
from unevenness. Therefore, it 5 can be said that the possibility of

partially reggi E‘I‘l@gat%é hnd, OWheﬁ*' {nd REcHALNRSs A0k ML Andler ST

wi t hout being exfoliated as solid matters; therefore, it can be sald that
t he ri skugtaparidscrel ferarleadesmidesh oged rY@ethJtﬂ@eﬁ‘Pl eertheswppwas

[ I ndust rigl,cAppld %ﬁQlé' Uythe 1OEOQA 1L THE Hofali i RBEPOGOchbger esent
invention is capable of effici ently renovi ng the wax adhering to a wafer

in a faBPREariYn theots dsoPn i eehi@gnfiRe §i08 UHSVRERRSS t hdPEFII¢ - t He

cl eapi ngaebbodh gl gRA iteRNELYs DONLkL b @ rk 0t S:efn!aﬁﬂzﬂ’;g 48k BR Ebw.
DESCRI PTIL. ON. OF THE DRAW NGS] [ 0042] Fl G IS photos of wafers of

an exampte HRI "EXcBADAHSEPY B EhfpFamoved without bﬁll@ Sz"ﬁoél%t%‘i:ﬁérmtl c
dr awi ng sshowi mg teespl drerefoodsearvicag bdea2@ ciat enef ridie osaberiscoé the

exanpl e .and tNe SQMPAALLYC X AP €1 et s Low.

[Industrial Applicability]
10 [0041]

(: The cleaning method of the present invention is capable of
efficiently removing the wax adhering to a wafer in a fabrication
process of a semiconductor substrate; therefore, the cleaning method
significantly contributes to this field.

15 [BRIEF DESCRIPTION OF THE DRAWINGS]
[0042]
FIG. 1 is photos of wafers of an example and a comparative
example.

FIG. 2 is a schematic drawing showing results of observing the

20 state of the wafers of the example and the comparative example.



CLAIMS I. A cleaning nethod of renmoving wax, which is adhering to a

sem conduct or wafer surface, by using cleaning |liquid, the cleaning nethod
characterized.in that the cleaning liquid contains mcro bubbles, wherein
m cro bubbl es can be generated by introducing gas by using a mcro bubble
generating device, and during cleaning tthe micro bubbles are kept being
generated. 2. The cl eaning nethod described in claim1, wherein the
cleaning liquid is an aqueous liquid containing an al kaline conponent and
a surfactant. .3. The cleaning nethod described in claim2, wherein the

al kal i ne compofeM#Si s quat ernary anmmoni um hydroxide. 4. The cl eani ng

nmet hod described in any of clains 1 to 3, wherein the sem conductor wafer
is asilicon wafer. C eaning Method of Sem conductor Wafer Abstract

[ Problem) To provide a renoval nethod of wax capable of uniformy renoving
the wax adhering to a wafer surface and reducing the probl ens of
re-adhesi on of particles and filter clogging of a cleaning bath during
cleaning. [Means for solving the problenj A cleaning nethod of a

sem condugt gf; ;cmﬁgfm%ds Wb 9 WX GIN A0 DB duroPwiRE GRfagUT f ace,
by using cl'eani ng” I'I"qui e Cleaning nethod’is characterized in that the
cl eani ng by quing Jdomingi ‘FFBHC}N tb¢ clvabibg aucthgd charaeterized in that the cleaning liquid

contains micro bubbles, wherein micro bubbles can be generated by introducing gas by using
a micro bubble generating device, and during cleaning the micro bubbles are kept being

generated.

2. The cleaning method described in claim 1, wherein the cleaning liguid is an aqueous liquid
‘containing an alkaline component and a surfactant.

3. The cleaning method described in cla'im 2, wherein the alkaline com;ioncnt is guaternary

ammonium hydroxide.

4, The cleaning method described in any of claims 1 to 3, wherein the semiconductor wafer is

a silicon wafer.



