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]
5

[Technical Field]
[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



Conventionally, in the polishing step of polishing one surface of a wafer,
wax is applied onto one surface of the wafer that is to be polished, it is
fixed to a turntable, and the other surface is polished. After this
polishing step, in order to renove the wax 30 adhering to the wafer and
the particles adhered thereto during process, cleaning using bases, etc.
is carried out (see Patent Docunent ). In this nmethod, the wax adhering
to the wafer surface is sonetinmes renoved in the manner that it is
exfoliated i nstead of being conpletely 2 dissolved in a cleaning |iquid,
and t herdissobrsd e erwlcanipgdigutel bid thenf hasaibnl @ glossiBiktyadttregiddd Gvakl FRAHHRY.

[ Pat ent rounent 1] Japanese Unexam ned Patent Application Publication No.
8- 213356 ['DI'SCLOSURE OF THE | NVENTI ON] [Problens to be Solved by the

I nvention] [ QP&@éj: DocumentTieJiparse Nnekdiniasd PasngpiitaAad out a probl ematic
poi nt tqﬁ%f in g?e %hggﬁ%ng met hod of the conventional techniques, the wax
exf ol i at'd@UeAlion g §- rs without being dissolved re-adheres onto the
waf er agDpSCLOSURE, O PAEINVENEONIhe wafer, and causes clogging of a
filter 3f(§ cl eani ng bat h. [0005] Enbodi ments of the present

i nvent i dhrodkans 1o ke 5plyed Beths Teysdlifrhg et hod capabl e of sol ving the above
describqaxnloblen1and efficiently carrying out wax renoval of the wafer.

[ Means for Solving the Prpblengé [ 0006] In order to solve the above
described prdbEdu§scEhiavpitioachas fornd gtbp priddemitic pxianthagdnahe cleasing resul t,
found o : e . h fer. can be

uni f or m%eﬂ?dgan‘g\}fé%&m é&gf;@n%ﬂ@%éel&”&h%?@é%#@?lﬁtggtaﬁzé"l@éﬁa‘?‘\*ﬁ% Wi being |1 qui
wi t hout deseelued ae-pefgrashentovdle afes olsi phrticles, aostamnandsethni wegfert, iad vafies by
using t I Lauid e | ni ng m crobubbl es, and acconplished the
present?ﬁﬁi?%??gggm%% %?Eﬁ%gﬁéﬂ'

Embodiments of the present invention seek 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.



More specifically, an aspect of the present invention relates to a

cl eani ng net hod of renoving wax, which is adhering to a sem conductor
waf er surface, by using cleaning liquid, the cleaning nethod characterized
in that the cleaning liquid contains m crobubbles, wherein mcro bubbles
can be generated by introducing gas by using a mcro bubble generating
device, and during cleaning the mcro Bubbles are kept being generated.

[ 0008] 3 [0009] Furthernore, the present invention relates to the
cl eani ng nmet hod, wherein the al kaline conponent is amonia or organic
ammoni um hydr oxi de. 5[ 0010] Furthernore, the present invention

relates fgokhe cleaning nethod, wherein the sem conductor wafer is a
silicon wafer. %Effects of the Inventlon£ %0011 10l n_t he cl eani ng net hod
according t o FURENYFEEENt LR \RERERBR, L PRGSTTh g SLAESE I TaliP A 19 E R

cont ai NiRNGnAKErakiHbh eshe Lheavere adhpbhdty 16 ifirSuréaceqahit hemsaien can
be uniformy renoved while dissolving in the eleaning liquid w thout
exfol i att¥g°48% 0l id matters, and the risk of re-contaninating the wafer
by the partiogl es generat ed by the 15 max which is exfoliated as solid
matters in a_wax renoval .process can_be omer EST, MOES FOR CARRYI NG
OUT THE | NVERTF r“[oﬁﬁlszp present 1nvERLIYTha ate; %hel-%? esent T hvention

wi | | be nexpbaj n&darieli]n dtﬁteaislemQGOMﬂLIduoamﬁdIOdﬁ naenstl,ll[:@m&]fer The
pr esent #% en{ ge es L9 gkcleaning met hod of renoving wax that
adheres a senlconduc or r surface by using a cleaning liquid, the

cl eani ngo®ethod characterized in that the cleaning Iiquid 25 contains
”{CHBbUbbleSIn the cleaning method according to the present invention, by

(:- 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.



[ 0014] No particular limtation is inposed on the material, shape,
etc. of the wafer which can be cleaned by the cl eaning nethod of the
present invention. The material includes various nmaterials used in 30
conventional sem conductor fabrication. Specifically, the materi al
includes Si, Ge, As, or a conposite material thereof. In the present
invention, the shape of the wafer inclydes the shapes formed during

vari ous processing steps which are conventional publicly-known various
shapes. 4 Preferably, silicon wafers in the stages of normal silicon

waf er fabrication steps are included. [0015) In the cleaning nmethod of the

present gRvepihig)), siNe-dMNa86FYiiRJ the af RyekePURIrmbar gBlichs #dr@rwax which
is used in a polishing step, etc. of a normal sem conductor wafer, no

parti cul@PiFaioR FERPT STPnpBSkifesiso on the type thereof, and the wax
general Ippogeppri ses a wax corrponent of a wax-Ilike substance aresin
conmponent, and an additjve. npl es_of the wax conponent. for controlling
vi scosity, 16ne§bteeﬁ%?%ﬂmgaﬁﬁtflf’%x?ﬁoﬁflﬁtVeﬁl ch WO r eiat8* 1T Fof P shi ng
accubacys knedmidal neduyeal ibasied wenbstianceas sswh ias abeelsi shaxng «icbs and

fats, car naubf sumac, wax ncg raff n and srtlhe |§ J]l_ilis%d subst ances
such as S56T y2t iy PEAE IS8 F° “HR}%I Y}Eb Bpyfend & of: AL &F the
resin CO_IﬂipOEI@:ntalfsoroxCGj’mter olpe ngaeacdbé,slm tbe Ceax Qéneeslilsrt amnsess-hock

hardness, el g, ponSS%ar% 2| Qxy r]cet-:el a%ﬁ # ?t gn}‘ S fcha}gc%"lenltnci\rﬂ‘p%n

nat ur al “BasE? nces “Slch as s rosin, I'tch
synt het iaddbaied sﬂmmeefstm vas wmnplneat;eica:t e:onnyMilnngaur;ﬁquetyand

vari,gus QoL yIELS L&ﬁlﬁﬁ}e Nendilskey f oL nfcs%mgﬂf% eani ng

rfor mance, ant’l OXI |on r esi st nce, 20 wett abi etc.
cl ude aganiaus smiﬁa@t aﬁtsramsaémqh,séﬁn@#ﬁ feprcin enrasst WS é’lléé anst

pa”' culge by Jiaihed, s%ﬁg emmla%a ;Imedrf%% inelydenspray.uex, solid wax,

and coating agents. [0016 'the cleaning liquid, a cleaning liquid can
be used s@bshBRESNBRFD aﬁa??iﬁﬂla’rlepf- rﬁJtYﬁplloﬁn%§qlé‘ﬁ§°%}§lePﬁe9H°é’ém ng |iquid

is usedghQh, TRMBYI Ak 1081 WeXompRdnt SRECicbheab 114 ngaRaReaUSstdequi d whi ch
i s advant ageous in the point of renoval performance of oils and fats,

resilfis, *PaFTIAICESTC SOCkantr tBIRear Nty ralP APk AFLALY coiiSReR Tehgrtion
SUVfaCt%BEcéES1BE§ﬁ&ﬁWﬂ%@ural—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.
(l [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



30[ 0017] Exanpl es of the al kali ne conponent include al kali netal
hydr oxi de such as |ithium hydroxi de, sodium hydroxide, and potassium
‘hydroxi de; alkaline-earth netal hydroxide such as cal ci um hydroxi de,
nagne5|un1hydrOX|de and barium hydroxi de; inorgani c amoni um hydr oxi de
such as ammoni a and hydroxyl am ne; organi ¢ ammoni um hydr oxi de such as
mononmet hyl anmoni um hydr oxi de, 5 di met hyl ammoni um hydr oxi de,

tri met hyl anmoni um hydr oxi de, tetranet hyl anmoni um hydr oxi de,

t et raet hyl ammoni um hydroxi de, (n- or i-) tetrapropyl ammoni um hydroxi de,
(n-, i-, or t-) tetrabutyl anmoni um hydroxi de, tetrapentyl anmoni um

hydr oxi dgcab&ttaRguyb TN A Xk e mARd ENPIJxR8e ANGh Bk XEMQSm
t hereof . Anmpong t hese inorgani c 10 and organi ¢ anmoni um hydr oxi des,

armoni a 2YEEPT et R9TRATOM ORiFGHSx aRd RATLERINGR* MMt Tth can obtai n

chem calinbigahit QfmanNinghyek82AMNGuLRVA BdnofOAMAAhy ¥y, kA EOost for
sem conductor cleaning . is preferably usedqﬁ%OOlSL@lSThe syrfactant is
added f8Fg?ﬁﬁ?dWWﬁ@l?Tu?1§6Pﬁb??|ﬁ3?ho?sfﬁﬁl AP WEPEIftfval t ar get

and a suiiiabth@ aSbh ek ai’jrblrﬁﬁﬂdeb,e t&&héﬂlﬁ}&ﬁnﬂ?ﬂﬂﬂ:&ﬁﬁ%dﬁdﬁbﬁlﬁe}wth t he wax which

is the repoval es, of the s ctant de no |on|c

surf act GAFTR T PR T BV SR Bt FORTAE o PSR EsHaRs

sur f act ant, téﬁﬁipﬁbyylﬂmmanGmtmyﬂra&ﬁde[0@&9]1—, or tExaunhGSutélaﬁmEnmmmionic

surfact% i.nc ? €n %n%é ene OXId dq% LY %I%gn Aﬁ%ogyngactant and a

pol yhyd v éfcoho Vpe nontoni ¢ sur ARt peci exanples of the

al kyl eneydxexdeicadeed dhyiénds auﬂ1mmnture§meaze@ﬁu ﬁmomquhaehéghgmgabgohol,

O A EDERE on IRl Bl B4l 0N L) A NGe Ol viiROL LI 1O WA CD
kyl ene™oxi or exanpl e et hyl ehe" OXI ereln reviated as
), pr bwr@n@leexpdecholianyl WTOXCﬁGEObWGthJIC@rl liccmelctarffe;t hisyhdi rectly

added. %dn n%sll h.ﬁ: Ry LY AsIC 1 3l fcg:pQ:losEy %%ﬁh@f}l&lc%%f@ﬁai%%' ncl ude

30 poly fatty acl d ester, polyhydric al cohol alkyl her,
fatty aéf dp%ﬁﬂ@erﬁblfarﬁw -et C.
f0018]
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]



[0020] 6 Exanpl es of the anionic surfactant include carboxylic
acids (for exanple, saturated or- unsaturated fatty acids having carbon
nunbers of 8 to 22) or salts thereof, sulfuric ester salts (for exanple,
hi'gher al cohol sulfuric ester salts (for exanple, sulfuric ester 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
nol s) 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 thout

modi ficationky fatdyoaciuh estehisWdrabecdfonnexaiplarnsafilic ablial nedrby
sul fating and neutralizing | ower al cohol ester of unsaturated fatty

aci ds), s¥aipki-ed2brediad efornecaipred SitysaotsataBHPH\FaTHPF ARG and

neutral iz pO:p@h i Br NAMIcBgrsa¥ RN BUMRENS oftd? shotd8)sorsukimnate (for
exanpl e, al kyl benzene sul fonate, 15 al kyl napht hal ene sul f onat e,

sul f osuéPRrE HEPROHIVIEBFLE iterasally dfPh FEIPHEn FHIELS HiTf2 to 18)
sul f nats) +s PrOSPRSKA G cesl eshSalHagi bl afaresamimerbi gher tal coholkifrar bon

mber of 8 to 60) phosphori t ts). | f. the salts._include.
B R e s e O

(cal ci ug: 20 (mgBESH BBl set SddusablSal @it Wl cabl shawlnky batbare salts, and
el Ude THUATE Rar b Srmida LAY ChboH e A4l Rt HrRbRr oAt o,
al kyl pysutfadimgn sad tresptanti 2hamanershlunsatfcriegxanpland ifadbrgani ¢ aci d
sal g OfLoDlghel AMAe, SUEL. A% AW L AThNCla {002k SxaTPLescl (B8
sz ol ytfe surFS?tan e ae S G- Hed t Ypa Tafphol ST ¢ aurfactants (for
anpl egxsomlicunmsplopichhai redfbyhisghéating and neutralizing lower alcohol
ester of unsaturated fatty acids), sulfated clefin (for example,
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)),



30 al kyl am ne (carbon nunbers of 12 to 18)), sulfuric ester 'salt type
anphol ytic surfactants (for exanple, sulfuric ester sodiumsalts of higher
al kyl am ne (carbon nunbers of 8 to 18)), and sulfonate type anphol ytic
surfactants such as pentadecyl sulfotaurine. [0023] The used ampunt of the
surfactant is normally 30% or less, 5 preferably 1 to 20% based on the
total weight of the cleaning agent. 10924] The aqueous |iquid in which the
above descri bed al kali ne conponent and the surfactant are dissolved is
preferably ultrapure water fromthe viewpoint of prevention of wafer
contam nation. 10[0025] (7In the cleaning nmethod of the present invention,

the speghgssPfroinBee damOhnbhs F:Cr ohuRllaach Sstdl apasddterbayl y |1 m ted,
however, specific exanples thereof include air, hydrogen, helium

ni t r ogeduléX§EAeand argon. The ni crobubbl es of the present invention

i ncl ude [pp28pt only a single gas conponent, but also those conprising two
or nore gas conponents. Specificall exangles thereof include two or nore

Yoo
speci es of g&&e AHRPORBMIE &&| ER s FREM™ grobpreondi 81 g of %ir,
hydr egepreheldoii 1 Nid regenhaHxy @anthandtal e ghi:002 6he? @Then ipige paesrad.i on
met hod of %he m crobubbles is also not particularly limted, and the
mi cr obubBPes can be generated in the ' cleaning liquid by introducing a
gas by usi ngrike pigakbes yiilgnadnim wiriehublid ebgeaedatdrifedretlxadios generati ng
device. As the mc ubbl e enerating nmethod,. vari pus t hqds_descri bed
in publF8WV”f§tkﬁ8éﬁ: o&thedh §ﬂ%éﬁr%é%§68ﬁy%%lffBFeé§§ﬁgE€f%L ﬁ%aVbrld of
M cr obubbtes"trami thervibypSatiostfi pOeyartd candf Meliet: ocd baanimé oyonKogy o
Cho 8kai E#%Iishing, I nc. (2006)). Exanples of the mcrobubble generating

vi ce #Hc de a hi gh-speed shear flow type m crobubbl e generating device.

[ 0027] In the cleaning method of the present invention, the species of
‘the gas of the microbubbles 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



The generating conditions of the m crobubbles used in the cleaning nethod
of the present invention and the anount of the S generated m crobubbl es
are also not particularly limted. Based on the volunme and shape of the
used cl eani ng device, _.the nunber of silicon wafers, installation nethod,
the tenperature of the cleaning liquid, cleaning tine, and ot her additives
of the cleaning liquid, a 5 mcrobubblg generating anount in a suitable
range can be arbitrarily selected. [0028] The position where the

m crobubbl es are generated is also not particularly limted, and a nozzle
part of the m crobubbles can be 10 provided at any position of a cleaning

cont ai Nefopefa S84 LARESHRAAIL! QPe GARbE ARt Afidr ySelpalad based en the

vol une and shape of the used cl eaning dévice, the nunber of silicon

waf ers, thkevehztealrRdt shapenefhber WoRE tlamperatifacer tife "OFBSRHIHg | quid,

cl eani ngihi BBy A0 NEstad0hti MEReOhod hehe! EaRcRErhi&Wed thnSpaciabisal |y,
15 exanpl es t her eof i nclude a bottom part, a side-surface part, .and an

upper paifedt- tHe2BLeARHG  cBPt ATheF %ﬁﬂ:}tévﬁ? LﬂfaItPFyCJcﬁa“ﬁ&?thlqtuﬁgr edf .

[ D029] A\ieebkashiien guhd &t i RigCaRhbl 8Sa ang rgenerangd ¢dh decambairaeil 20
which is different fromthe cleaning container, and then they are

i nt r oduS&deFiY t he cl eani ng container by using a conveying punp can be
al so englpoyed. A nethod in mhlch t he cleanlng cont ai ner and a cont ai ner

for produci ng m crqbubbl are c ed to each of her. by.circul ation
pi pi ng, and ?Felg?ﬁ% ptT b Eﬁﬁ gﬁ?éﬁfﬁngaﬁf "a®tomeyi ng (ggﬁpé%p ca% be al so
enpl oyegarAi viiiahag 1inimeidchatdies moerdbyhibrkeogemer ai engpudblesecansbenst al | ed

dj a
at 3§ ALerindl afe patte.of (Sonewl g BLAlNG.nAndon crolubble yater is

position can be arbitrarily 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 container, 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



[ 0030] 30In the above described enbodi nent, the explanation is given on
the assunption of a node in which the wafer is imrersed in the cleaning
container filled with the cleaning |Iiquid;, however, shower cleaning, spray
cleaning, etc. may be 9 used. Also, cleaning can be carried out while
using ultrasoni c waves in conbination. [Exanple] [0031] S5Hereinafter, the
present invention will be explained ingnore detail based on an exanpl e.
[0032] 1. Experinental Method In accordance with below (1), a
waf er having one surface onto 10 which wax was applied was prepared, and
the wafer was cl eaned by the nmethod of (2). [0033] (1) Preparation of the
Waf er Res) Su n [N £ c( WaXe
produce %bg Ni %g'sé?ﬁﬁﬁgg E%?WQJEE@%%%EEEEﬁﬁggg 98%%§K%E%§§%ropyl gicohol
+ t ol uend) Fopkigiagpphi ed as wax onto an 8-inch P-type silicon wafer. A
mrror syrface of the silicon wafer was upwardly set in a spin coater,

and, while rotatlng at 3000 rpm 3 nL of the stock solution of skylqu|d
was neaddPéd! by a pipette and

5 Hereinafter, the present invention will be explained in more
detail based on an example.
[0032]
1. Bxperimental Method

in accordance with below (1), a wafer having one surface onto

10 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 uséd, 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 microbubblergenerating device (M2-MS/PTFE

type, produced by Nanoplanet Research Institute Corporation) was

provided at z position of the bottom of a 4L



20 poured in fromthe center of the substrate. After 20 seconds, the
rotati on was stopped, and the wafer was dried naturally. [0034] (2)

Cl eaifi ng Method As cl eaning chemical liquid, ANC-1 (produced by Tanma
Chemicals 25 Co., Ltd., 10%or |ess of TMAH (tetranethyl amoni um

hydr oxi de) + surfactant) diluted by 20 times by ultrapure water was used,
and cleaning was carried out at a liqujd tenperature of 20C. Conditions of
the exanpl e and a conparative exanple are as descri bed bel ow. [0035]

30( Exanpl e) One nozzle part of a mcrobubble generating device (M-MS PTFE
type, produced by Nanopl anet Research Institute Corporation) was provided
at a_posihthpihhstherhathom of dedBiodfl ! eARiNG Al idd | Ld Wi th the

cl eaning chem<cal liquid, and m crobubblées of 1 L/mn was continuously
gener at &dcapkitibiesoetided/ mAR rvagasonsEehioas 1y heetpag tedranchnpshices: After

the m crobubhl esouere dHat GRIUER thernidpi@sM MRS, thiieniSirbb o) WahSFe
having the surface 5 onto which the wax was ap_gl ied was i mersed therein.
1"

Duri ng ERECPHASSSEBR, TiGe e bubBe esl WiErB BaT Y GERetT Mt @S After

t he waf ghr¥asiidnensedf qkspigdatar viHeedmbk s (hekedn. 3.Dudin®rtnd0

m nutes), the wafer was i€mersed in an ultrapure water rinse bath for one
mi nut e, “BATF 198 c FRATHEFOPYRRASE WASS rfRelettS ISTREN Y he eterr?t0 was
pul | ed upréNdiGr i AdedneddEoW Prg @ity ridedonife t rwaf ey, surbaces. [ 0036]

minutes), the 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]



(Conpar ati ve Exanpl e) Except that the m crobubbl es were not
generated, operations simlar to those of the exanple were carried out.

15[ 0037] 2. Evaluation Method The wax renoval state of each wafers
and the state of the cleaning liquid were visually eval uated. [0038] 20 3.
Experinmental Results The results of observing the wax renova

state of the wafers are shown in FIG #'(photos) and FIG 2 (schematic
drawi ngs). [0039) As a result of tenporally observing the wax
renmoval process, in 25 the conparative exanple, the wax was exfoliated as
particles fromthe periphery. Therefore, it was found out that the renoved

manner of the V‘%V&%eﬂ%r}&“ Eﬂéﬂ‘@@m&!@?&&ﬁﬂbll@%&f Qdeét th@NeP8 sal d

that the possibiTity that the wax partially remains is high. The wax was
exf ol i at@dTRAe thes §t1af@néﬁf dopsalviear t erd thgnehigknesh ok Wi WX Y@ the 30

ri sk of r@aﬁkwlﬁ hﬂsiéeas@:haegf&}@ggkngaénffohﬁg ddd t8Et i Shd@hovd0040] 11
On the other hand, when the m cr obubbl es,were added, the entire surface

was uni FERAPY ofi $861 vl isaHBl Foran PRACKFRSS ST67 HIRYRARS s TPBERICEE - | H
whol ¢. Tagrsef w84 thatasef gynghut chat ﬁa&@léﬂ@%ﬁamm@eﬁﬂaﬁflg hewwax is

uni formand free from unevenness. Therefore
A1l the wax was dissolved and removed w1thout being exfoliated as
solid matters; therefore, it can be said that the xisk of particle
increase and clogging of the filter is 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.



5 can be said that the possibility of partially remaining wax is low. All
the wax was dissol ved and renoved w thout being exfoliated as solid
matters; therefore, it can be said that the risk of particle increase and
clogging of the filter is low [Industrial Applicability] 10[0041] The
cl eani ng nethod of the present inventiod2is capable of efficiently
renmovi ng the wax adhering to a wafer in a fabrication process of a
sem conductor substrate; therefore, the cleaning nmethod significantly
contributes to_this field. 15[ BRI EF DESCRI PTI ON OF THE DRAW NGS] [0042]
FIG 1 is phot®s"®5 wafers of an exanple and a conparative exanpl e.

FIG 2 is a schematic drawi ng show ng results of observing the 20 state of
the wafers of the exanple and the conparative exanple. 12 CLAIMSI|. A

cl eani ng nmet hod of renoving wax, which is adhering to a sem conduct or
waf er surface, by using cleaning |liquid, the cleaning nmethod characterized
i-n that the clreaning- liquid contains mcro bubbles, wherein mcro bubbles
~ can be generated by introducing gas by using a micro bubble generating

gevice, aRdadibhinChaRtl Aol RS LTIk NODhEMLAL & skifiRbndieloNdRPRRRAL od.

2. The cl eani ng escribed in claim1, Wherein th eanlng I|qU|d
i s an aquépusingi ¢eAntheclomidi the vépaning ahetaed d@rm@m@nﬁhaan@ gleaning Hewdnt .

3. The cl eanlisinfiRd ARSI PRtk eg&,l o Be cHOREB'HY iEhE Bl Gising

conmponent I's "quat ernary ‘anmoni um The cl eani ng neth
descr i bedaimicankubbfe gﬂna‘am devigs. 3nd \dh@n%ﬁﬁart*mﬂﬁsewmoh!dlb@ﬁ@re beet deings a
si-licon w%&%ﬁmﬂ_CIeanlng Met hod -of Sem conduct or \Wafer

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.



Abstract [Problem To provide a renpval nmethod of wax capable of uniformy
renovi ng the wax adhering to a wafer surface and reduci ng the probl ens “of

re-adhesi on of particles and filter clogging of a cleaning bath during

cl eaning. [Means for solving the problen] A cleaning nethod of a

sem conductor wafer of renoving wax, which is adhering to a wafer surface,
by using cleaning liquid, the cleaning nethod is characterized in that the
cleaning liquid contains mcrobubbles. FIG 2

Cleaning Method of Semiconductor Wafer

Abstract
fProblem]

5 To provide a removal method of wax capable of uniformly removing
the wax adhering to a wafer surface and reducing the problems of re-
adhesion of particles and filter clogging of a cleaning bath during
cleaning.

[Means for solving the problem]
N 10 A cleaning method of a semiconductor wafer of removing wax,
(:7 which ig adhering te a wafer surface, by using cleaning liguid, the
cleaning method is characterized in that the cleaning liquid contains

microbubbles.

15
Fig. 2



