| deaning Method of Sem conductor Wafer DESCRIPTION 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, 10 silicon.
Background Art [0002] A sem conduct or haf er (substrate) used in a

sem conductor device is produced by processing an ingot block, which is
grown by the 15 Czochral ski nmethod or the floating zone nethod, into a
mrror- 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 peri gl PRetnd JHBedliLRGLMRCHEEL3) @ planarization

step of planarizing the bevel'ed wafers by using, for 20 exanple, |apping or
surface grinding, (4) an etching step for renoving processing distortion of
the pla %%kﬁngﬂﬁgers, (5) a polishing step of polishing both surfaces or
one surface of each of the etched wafers, (6) a thermal treatnent step, an
i nspéction step, various cleaning steps etc. are carried out. 25 [0003]
Conventignally, in.the polishing step of polishing one surface of a wafer,
wax is éﬁEFLBﬁC%%FBe6ﬁé surface of the wafer that is to be polished, it is
fixed tgoactyrntable, and the other surface is polished. After this
polishing step, in order to renove the wax 30 adhering to the wafer and the
particles adﬁg‘ﬁeﬁr%frfé’rtetlﬁvﬁﬂlﬂ% regpgeess] AN hgY Usithgdbasesiekrdt s

carried ;outy, (588 JaLeBLes DARIIERENLdonddt bl 52 PEL RAD, rhbhe, Warp@dhering to
the wafer surface
10 silicon.

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 Czochralski method or the floating zone method, into a mirror-
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
remcving processing distortion of the planarized wafers, (5) a
polishing step of polishing both surfaces or one surface of each of
the etched wafers, (6) a thermal treatment step, an inspection step,
various cleaning steps etc. are carried out.

25 [0003]

Conventicnally, in the polishing step of polishing one surface
of a wafer, wax is applied ontc one surface of the wafer that is to
be polished, it is fixed to a turntable, and the other surface is
polished., After this peclishing step, in order to remove the wax

30 adhering to the wafer and the particles adhered thereto during
process, cleaning using bases, etc. is carried out (see Patent
Document 1). 1In this method, the wax adhering to the wafer surface
is sometimes removed in the manner that it is exfoliated instead of
being completely

35



is sometines renoved in the manner that it is exfoliated instead of being
conpletely 35 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 2publ i cati on No. 8-213356 5

[ DI SCLOSURE OF THE | NVENTI ON] [Problens to be Solved by the Invention]

[ 0004] The present inventor has found out a problematic point that, in the
cl eaning method of the conventional techniques, the wax 10 exfoliated as
sol i d nmstisepsved thhowt chepmnailssolideare-tagherkss died at heswdfidd tysof
particl es,.: ) t fer, and causes clogging of a filter of a
cleaning%gégﬁgiﬁg%ggF%Ff ?%agﬁeg f% t of the present invention to provide a
cl eaning 15 [rethod Tapakhe df Holaneng Uhexabioed Hesert Beglprabiem and

efficiently., carrying qu removal of the wafer. [Means for Solving the
ProblenngXfﬁﬁgﬁfyPﬁ“o?aé}¥?%3solve t he above described problem the present
20 i nventmassrkeed wrexapi nedkrandnjas a result, found out that the wax
adhering to the surface of the wafer can be uniformy renoved while

conpl et ifF oA 889154 R§ PAEYSRLCY (8 EMEFHIIRG!1i quid wi thout exfoliating the
wax as s@lgod;matters by cleaning the wafer by using the cleaning liquid
cont ai ni ng m crobubbl es, and acconplished the 25 present invention. [0007]
More specifi C&lel pres¢ie gnEseher ifrfedolpA oWl &t esopbematdice®riing that, in

the cleaning method of the conventional techniques, the wax
10 exfoliated as solid matters withcut being dissclved re-adheres onto
the wafer as particles, contaminates the wafer, and causes clcgging
of a filter of a cleaning bath.
[0005]
It is an object of the present invention to provide a cleaning
15 method capable of solving the above described problem and efficiently
carrying out wax removal of the wafer.
[Means for Sclving the Problems)
[0006]
In order to sclve the above described problem, the present
20 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 intc cleaning liguid without
exfoliating the wax as solid matters by cleaning the wafer by using
the cleaning liquid containing microcbubbles, and accomplished the
25 present invention,
[0007]

More specifically, the present invention relates tec a cleaning
method of removing wax, which is adhering to a semiconductor wafer
surface, by using cleaning liquid, the cleaning method characterized

30 in that the cleaning liquid contains microbubbles.
[0008]

Furthermore, the present invention relates to the cleaning
method, wherein the cleaning liquid contains an alkaline component
and a surfactant.
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met hod of renoving wax, which is adhering to a sem conductor wafer surface,
by using cleaning liquid, the cleaning nmethod characterized 30 in that the
cleaning liquid contains m crobubbles. ,[0008] Furthernore, the present
invention relates to the cleaning nethod, wherein the cleaning liquid
contains an al kaline conponent and a surfactant. 35 3 [0009] Furthernore,
the present invention relates to the cleaning nethod, wherein the al kaline
conponent_is anmoni a or organi ¢ ammoni um hydroxide. 5 [0010] Furthernore,

t he presgﬁpgﬂnvention relates to the cleaning nethod, wherein the

sem conduct orrydhekmbse A tHel beofev@fi@fent [ & f1a0tsc0f t& hend RMerhipp] [ 0011]
10 In the cleaning nethod according to the present invention, by using the

cl eani ng™eihgGir dWeortidl fitRga AfEridBubBreanetthe snakauterditn§rignl ¢ FETSHi Flce of
t he mafegyéy%gigg_uniforniy renoved while dissolving in the cleaning liquid
w t hout exfoliating as solid matters, and the risk of re-contam nating the
waf ers by[&Hdé lparticles generated by the 15 wax which is exfoliated as solid

Taers I A SRYE] RLOBESS RN o 6 L arerad, LBEST, NDOES, PR, CARRYI NG

OUT THE | NVE refrnafter, resent rnvention w be
expl ai netktilvddetrastei?@hei sémarprenbadr menter 6043311 {kdee: présent invention

relates 104 ¢leaping method, of, remving
[0011]

10 In the cleaning method according to the present inventiocn, by
using the cleaning liquid containing microbubbles, the wax adhering
to the surface of the wafer can be uniformly removed while dissolving
in the cleaning liquid 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 QUT THE INVENTION]
[0012]

Hereinafter, the present invention will be explained in detail

20 with an embodiment,

[(0013]

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

25 contains microbubbles.

[0014]

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

30 conventional semiconductor fabrication. Specifically, the material
includes S8i, Ge, As, or a composite material thereof. 1In the present
invention, the shape of the wafer includes the shapes formed during
various processing steps which are conventional publicly-known

various shapes.



wax that adheres to a sem conductor wafer surface by using a cleaning

| iquid, the cleaning nethod characterized in that the cleaning liquid 25
contains mcrobubbles. [0014] No partigular limtation is inposed on the
material, shape, etc. of the wafer which can be cl eaned by the cl eaning
met hod of the present invention. The material includes various materials
used in 30 conventional sem conductor fabrication. Specifically, t he
material _ i clgges Si osite terl thereof. In the

or esent B, AT aA o s R 9e S e e R EaRsd Shmen dur i ng

vari ous pLocessing §ﬁé§ysawelQﬁbﬁna%dconventlonal publicly-known various
shapes. 4 Preferably, silicon wafers in the stages of normal silicon wafer

fabricat F'9H ¥t eps are included. [0015] In the cleaning method of the present

invention, the vwax Seryiig métaédaof ecrﬁ%vakeééhg%vbﬁtwﬁ waye Whi Che tsir¢sed
in a pollshlng step, etc. a normal sem conductor wafer, no particular

limtation 4 sremp@bs@:r%ltses o‘hh@t haxt ypeck her eokd amck tH@él\ﬂ/th@eﬁeﬁpal |y
conpri Sec?té‘ o‘é‘aé 89{%‘1 g&tigén&% LLKE: Syps %@9?@ ath) {%ﬁh@t&@f@?’l%nt and

an additrve. € Wwax conponent for I'ing viscosity, 10

extensiormpaamd hﬂemldnIUhBy;ypwuuﬁermafnlyndeﬂh@t@akOgﬁmﬂnaihyngomgmxaﬂsaay,

i ncl ude natural - based ubstanﬁﬁéh%u%h as bees wax, oils an car nauba,
t

f
sumBe waSht ARTPBAFAT 195 ana” EEPASRG & COBSEAnTBOTEHE He B yet hyl ene

gl ycol aaghipalvpr opydrgiesgbycohe wakxadibeserd! fbhectesidllcagpenessiftqr,
controlling adhesion force, 15 resistance to shock, hardness, etc., which
mai niY r & ARTS 105 r 2LritiesAP 1 bribe WhiAR| TR atGral e e P14 §hERAnces such as

shel | ac, 1£Q8iddy, ande1 Rid GRLaRsh PHABCLLG: DARRA SUBSTANGRSsSHER, a5i 1y AXh
acetate, nylon, acrylic, and various polyners. Exanples of the additive for
fats, carnauba, sumac wax, and paraffin and synthetic-based
substances such as polyethylene glycel and polypropylene glycol.
Examples of the resin component for controlling adhesion force,

15 resistance to shock, hardness, etc., 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 ccating agents.

[0016]
As the cleaning liquid, a cleaning liquid can be used without no

25 particular limitation as long as the cleaning liquid is used for
removing the wax, and, specifically, an aqueous liguid which is
advantageous in the point of removal performance of c¢ils 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



controlling cleaning performance, antioxidation, thermal resistance, 20
wettability, etc. include various surfactants. The application form thereof
is also not particularly limted, and eignples t hereof include spray wax,
solid wax, and coating agents. [0016] the cleaning liquid, a cleaning
liquid can be used without no 25 particular limtation as long as the
cleaning liquid is used for renoving the wax, and, specifically, an aqueous
| i quid which is advantageous in the point of renoval performance of oils

and fat $°"PESPRSTYPRILFES edt k@ gatt it S n PG At 4 RAFPnR® doimFdHént  and
sur f act anfdroki BE efRIgrRdi uROn {DQkihe FX 2P s 10h hierdlil;i ne conponent
include al kali netal  hydroxide such as Iithium hydroxide, sodium hydroxi de,
and 5 poESShi HRABXNBYIBK&lel Aeckat® RIHEPAR IUIOKITAEY sUeH s cal ci um
hydr oxi %gaﬁgnm&muﬁyﬂw&ﬁ%ﬁ %ﬂ@hbf‘é | R IR QXL R n hROR 9RLLE AMmoni um
hydr oxi de such as anmoni a and hydroxylam ne; of gani ¢ armmoni um hydr oxi de
such Sas dwredmet wythammon budr dryidteox itd ene tisy Idirmen hyh amgrebmwixdate hy dr oxi de,
tri nmet hyl anmoni hydroxi de, .t et.ranmet hyl a i_um hydr oxi.de, . _
et 1 act B ATIB L Uri o o i ety oYY RRY L b HE, BOES it 1y 0% de
(n-, i-,i0r tetyapedigdboiyghammanidexibydr ok, de -, t et rapenky k anmoni atmon 1 um
hydr oxi de, , t et rahexyl ammoni um hydroxi de, and choline; and m xtures thereof.
Armong tkﬂ%ﬂ§oﬁﬁ8?ga. R?afﬁnﬁﬁhFWﬁ%ﬁ%HWché o W}E§H¥%Bﬁ%¥§§WW8ﬁHﬁ%ia, o
t et r anetiyd 2¥ABA| WAd Ryndn oxé desnOhiGbetéNanehiceh. Cathabt ahBsghedgahiki quid
of a high cleaning |evel at conparatively |ow cost for sem conductor
cl ealfi ng?nd STERBE @rABIP I USYITVOLSF . ATOFHE /s tif Pt el [PETarited f or
i nprovi ng,dhe:80! ubl lduby 1RE hillen@Xy ¥hiLh isehbeat emoyak bargetigrnand a
sui tabl e 'surfactant can be

cleaning level at comparatively low cost for semiconductor cleaning

is preferably used.
[0018]

15 The surfactant is added for improving the sclubility of the wax
which is the removal target, and a suitable surfactant can be
selected in accordance with the wax which is the remcval target.
Examples of the surfactant include a nonionic surfactant, anionic
surfactant, caticnic surfactant, ampholytic surfactant, and mixtures

20  thereof.

[0019]

Examples of the nonionic surfactant include an alkylene oxide
added type nonionic surfactant and a polyhydric alcohol type nonionic
surfactant. Specific examples of the alkylene oxide added type

25 nonionic surfactant include higher alcohol, alkylpheneol, higher fatty
acid, higher alkylamine, or the like to which alkylene oxide (for
example, ethylene cxide (hereinafter, abbreviated as EQ), propylene
oxide, butylene oxide, hereinafter, the same) is directly added.
Examples of the polyhydric alcohol type nonionic surfactant include

300 polyhydric alcohol fatty acid ester, polyhydric alcohol alkyl ether,
fatty acid alkanolamide etc..

[0020]



selected in accordance with the wax which is the renoval target. Exanples
of the surfactant include a nonionic surfactant, anionic surfactant,
cationic surfactant, anpholytic surfactant, and m xtures 20 thereof. [0019]
Exanpl es of the nonionic surfactant include an al kyl ene oxi de added type
noni oni ¢ surfactant and a pol yhydric al cohol type nonionic surfactant.
Speci fic exanples of the al kyl ene oxide added type 25 nonionic surfactant

i ncl ude hi gher al cohol, al kyl Qhenol her fatty acid, hi qher al kyJ m ne,
or the like ti33RRIER & Kyl%eh a&mesu(fffa CaRk amsiiEde et AT U 1o PEES

(her ei naéga@frp,leabbéﬁyﬂa&teadoasufés)uuralte@yf&r@ a@xugenaxbiwbaago@mmers
hereinafter, the sane) is direct l% added. Exanples of the pol yhydric
'n

al cohol %%y e tRoAT britc SR abRemRC frnERLERr 30 eFbRPYhyRir i T dPEohBITHi&ty aci d
ester, %@H&fdéhEO%P%'&Q'fuﬂgyeist"etrh%ltsf otry e§§fu%l@l kanel,am desetc. . [0020]

6 Exarrpl es of the anionic surfactant 1nclude carboxylic acids (for exarrple
sat ursat eﬁ:ﬁldxs afisat iplatted ﬁamlyolad‘ladsn@\awn@ncanbbﬂrmmﬂ:)@r s$o bf) 8 tighe?) or

salts th qu i ter, salt f eX; al ol Lfuric
ester sal ksy Teorerexsélf%r% ??eurﬁlsgﬁgétggo% rgﬁ' g@bfpu hat?%ga CSS‘th havi ng
car bon namm)z@r gloto 8l (mola) admhgherof ankyrhateimeﬂcsMI uraxnnest&rbcsal ts (for

exanpl e, sulfuri ster alts of to 10 dduct of aliphatic

al cohol Iﬁ'ﬁ&ieﬁﬁ 8g orf 1rfn3 bt " B §’lt1 5%5 e@ﬁgﬁﬁte S P%B?”é 3l e, salts
obt ai nedsbyratsulf atd NGuard]l DS alsitarAY naddtiah t8ASAH Urakeda0idr and fat or
10 unsaturated wax w thout nodifjcation), fatty acid ester sulfate (for
exanf e, U%Saﬂttugfaéﬁiia‘f%d’lﬁi}o‘éhlWoé’ﬁfﬁ(jaéhﬂn netftartghfl 2FHY aSSREr s'al T30l (Fo8st er

of unsaturatAad fakiys apicdshed Wi fRlied Ohefddu GEAEr £xBMIL 1 owsal d13-opbh ai ned
by sul fating and neutrali zi ng ol efin having carbon nunbers of 12 to 18),

sul f onat es{grorfennppluatgbkfablehAendssul §oifatted olefin (for example,

salts obtained by sulfating and neutralizing clefin having carbon
numbers of 12 to 18), sulfonate (for example, alkylbenzene sulfonate,
15 alkyl naphthalene sulfonate, sulfosuccinic acid diester type, o-
olefin (carbon numbers of 12 tc 18) sulfonate), phosphoric ester
salts (for example, higher alcohol (carbon number of 8 to 60)
phosphoric ester salts). Examples of the salts include alkali metal
{(sodium, potassium, etc.) salts, alkaline-earth metal (calcium,
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, inorganic acid salts of higher amine such
as lauryl amine).
[0022]
Examples of the ampholytic surfactant include amino acid type
ampholytic surfactants (for example, sodium propionate 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 8 to 18)),



15 al kyl napht hal ene sul fonate, sulfosuccinic acid diester type, a- olefin
(carbon nunbers of 12 to 18) sulfonate), phosphoric ester salts (for
exanpl e, hi gher al cohol (carbon nunber of 8 to 60) phosphoric ester salts).
Exanpl es of the salts include al kali mef al (sodium potassium etc.) salts,
al kaline-earth netal (calcium 20 nagnesium etc.) salts, amoniumsalts,

al kyl am ne salts, and al kanolam ne salts. [0021] Exanples of the cationic
surfactant include quaternary ammonium salts such as tetraal kyl anmoni um
salts, @nyPpyferAts Psattmclandc2sunidaiansal sech fagr Peraadt @/l i nor ganic
acid salts ¢t higher amne such as lauryl amine). [0022] Exanples of the
anphol ytic surfactant include amno acid type anpholytic surfactants (for
exanpl e, [09@di um propi onate of higher 30 al kyl am ne (carbon nunbers of 12 to

18)), sulfurigc ester salt type ., anphalytic surfact s (f.or _exanpl e,
sul furic estél 8588?%nﬁ%ﬂﬂnﬁs¥gfthﬁniﬁﬁ%?XET%@Hﬁhﬁﬁémggé%B%H ﬁﬁngﬁgg of 8 to
18)) 5 7 pratdraul§ anabe2typeranphehythe sivallact amits cFueheasi patitngdegyht .

sul fotaurjine., [0023] The used anobunt of the surfactant is normally 30% or
| ess, 5 5W@ﬁérably 1 to 20% based on the total weight of the cleaning

agent. [ 0024f.Thguasueaysgul bhak diirnWhehadie aboveiklesanikhed,al kal i ne
conponent and the surfactant are dissolved is preferably ultrapure water

f r om t heCoFPeRPBE Mnchfther evedtan top r et iersod gatahs ructenablo JI0O2BPren t he
¢l eant NG, JRENLAATHDNG S BLESAIN JeDl LA o BE SPES) @3n2lni A0iG HAS O the
m crobubbles I's not particularly imted; however,

10 [0025]

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 component, but also those comprising two or
more gas compenents. Specifically, examples thereof include two or
more species of gas components selected from a group consisting of
air, hydrogen, helium, nitrogen, oxygen, and argon.

[0026]

20 The preparation method of the microbubbles is alsc 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. As the
microbubbles generating method, various methods described in publicly

25 known dcocuments can be applied (fcr example, “The World of
Microbubbles” written by Satoshi Ueyama and Makoto Miyamoto, Kogyo
Chosakai 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



specific exanpl es thereof include air, hydrogen, helium nitrogen, oxygen,
and argon. The m crobubbles of the present invention include 15 not only a
si ngl e gas conponent, but also those copgprising two or nobre gas conponents.
Specifically, exanples thereof include two or nore species of gas
conponents selected froma group consisting of air, hydrogen, helium

ni trogen, oxygen, and argon. [0026] 20 The preparation nmethod of the

m crobubbl es is also not particularly Iimted, and the m crobubbles can be
gener at 8§"PR2 E9fe MIGIFERRPREFT iadGi AL DY Tt PAELF R Ygadmbyedisi A§sadpeblicly

known  miner ohubhl @ rgengEst i N0 ARt hoth ol Q8RRL add NG deVheenyi Lt Re.
m crobubbl es generating nmethod, various methods described in publicly 25

known doddient svalf®rshelapplliledichonedxahpltee tatrerpsird of thy clebubbl es”
et et oshi L BUbLI Shi ng.
The. (2008 Brman Ry Eindn et EPho: MAHdTRL0s SOAR cSaeraPaRg S

hi ghsspeedrshesyld lgewetypengriaoobubit ea sgeheb bt i regrodevbeoebe IGHL0027]1vThe
gener at isngeggggi tions of the m crobubbles used in the cleaning nethod of
the presént“rAvention and the anount of the 8 generated nicrobubbles are

al so not[opasticularly limted. Based on the volunme and shape of the used
cl eani ng device, the nunber of silicon wafers, installation nethod, the

tenperature et ReSEHEANFAGTS | FFuld CreP damiStg 2 P nBenehfd et hera sthii"titves of

the cleqnifRgchi ftiyd]ifibed] GrRPUPRL£: ERRLRL b A0 RMRAYBL obibist SUickabhe range
can be arbitrarily selected. [0028] The position where the m crobubbles
ar e lfendrravéded satalady Ro$itipdr vifcal akdaningnteetingyd aPndeitia®lgart of the

i or obubll.es: AN Ae L0aPE AL AAd ALe A ROBLELAMOT R Gheanl NG PALALNSE - A

sui t abl
the used cleaning device, the number of silicon wafers, the

installation method, the temperature of the cleaning liquid, cleaning
time, and other additives of the cleaning liquid. Specifically,

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

[0029]
A method in which microbubbles are generated in a container

200 which is different from the cleaning container, and then they are
introduced into the cleaning container by using a conveying pump can
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 method 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 cleaning liquid; however, shower

cleaning, spray cleaning, etc. may be



position can be arbitrarily selected based on the volunme and shape of the
used cl eani ng device, the nunber of silicon wafers, the installation

met hod, the tenperature of the cleaning liquid, cleaning tinme, and other
additives of the cleaning |iquid. Speci?ically, 15 exanpl es t hereof include
a bottompart, a side-surface part, and an wupper part of the cleaning
container and a plurality of parts thereof. [0029] A nethod in which

m crobubbl es are generated in a container 20 which is different fromthe
cl eani ngséent ahhesr,, cCafdnik@rrarhby arerigtt podudikeild nsé nghel wlasanilAgWaeit ai ner
by using.a capveying punp can be also enployed. A nethod in which the

cl eani ng contalner and a container for producing m crobubble water are
coupl ed [tExaeptd] ot her by circulation piping, and it is kept being
circulatﬁ% g% a conveying 25 punp can be al so enpl oyed. A nethod in which
the mcro 3 |l e generating device is installed at an internedi ate part of
conveyi ng piHeirBQna 8w, Mceeoptdidre watefitich WAl i opleiced taonkhei€ineari ng
container can be al so enployed. [0030] 30 In the above descri bed
enbodinéﬁ??l%h%ﬂ%%bpgnaPﬁgﬁﬂg €gi ven on the assunption of a node in which
the waf ergoizg)i mersed in the cleaning container filled with the cleaning

| i quid; however, shower cleaning, spray cleaning, etc. may be 9 used.

Al so, clleaBXRfreRantsd Makhedd out while using ultrasonic waves in _
conbi nation. fExappl @, .dl Q03 pe 2 RAG! Naffal, hQ@ixgc{ e3Rnt i pyentjer will be
explained in nore detail based on an exanﬁ1e. [ 003

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. (hydrogenerated

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 coater, and, while rotating at 3000 rpm, 3 mL
of the stock solution of skyliquid was measured by a pipette and
20 poured in from the center of the substrate. 2After 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 TMAH (tetramethylammonium hydroxide) +
surfactant) diluted by 20 times by ultrapure water was used, and
cleaning was carried out at a liquid temperature of 20°C. Ccnditions
of the example and a comparative example are as described below.
[0035]
30 (Example)
One nozzle part of a microbubble generating device (M2-MS/PTFE
type, produced by Nanoplanet Research Institute Corporation) was

provided at a position of the bottom of a 4L



1. Experinental Method In accordance with below (1), a wafer having one
surface onto 10 which wax was applied was prepared, and the wafer was

cl eaned by the nethod of (2). [0033] 1) Preparation of the Wafer Having
One Surface onto which Wax is Applied Y5 Skyliquid (wax produced by N kka
Sei ko Co. Ltd. (hydrogenerated rosin + isopropyl alcohol + 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 rprRAle3npny Wfth Relsedok Solchei eheofingkghepiiad wadundasified by a pipette
and 20 r ] he, I t t 2 , the
ot i o ae Lt onped, And The aer P Tae e AT A o N (Y

d eani n@:ivewhoduss! elseaht ngpcHem thé YHulglied, ANGelr (theodicebupplTamecre

Chem cal.s, 25 Co,,-  Ltd.. 10% or | ess_ of. . TMAH (tetramethyl anmoni um hydr oxi de)
e U T ARCARRY R 1ied by 0 s Sy e Rur e e 08 s DUs et AR

cl eadi ngprwaswbach it8@ ouk @is appldut dvdenpeeated eclofre2@C.  Gomidict itaas  of t he
exanpl e .and a.conparative exanple are as described bel ow 0035] . 30

(et e8! Foy B AT oS Ioh 5 b iBite CocHer SiIaTg ey & (b -Rel PTFE
type, preddéeedadyimiangphanst JResieasehidastiibhyt erforponat 5ony was provi ded
at a position of the bottomof a 4L 10 cleaning bath filled wth the

cl eani ndiERERFLal the Halfar i IMFER B UbbIaEs UbFr IPUYeNA ERB st EoTet PAEBUSTY
gener at ef, and.i At r QdUCeHe i WAS) Hsed) 33 st Pengas Jegr the.bubblegacifter

t he m crobubbles were introduced for five mnutes, the silicon wafer having
t he Wur f"gcepulled up and dried by blowing dry air onto the wafer surfaces.

[0036]
(Comparative Example)
Except that the microbubbles were not generated, operations
similar to those of the example were carried ocut.
15 [0037]
2. Evaluation Method

The wax removal state of each wafers and the state of the
cleaning liquid were visually evaluated.
[0038]
200 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).
[0039]
As a result of temporally observing the wax removal process, in
25 the comparative example, 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 scolid matters, and it can be said that the
30 risk of particle increase and clogging of the filter is high.

[0040]



5 onto which the wax was applied was i mersed therein. During the

i nersion, the m crobubbies were kept being generated. After the wafer was
i mrer sed f or predetermned tine (for 1, 3, 5, or 10 ninutes), the wafer was
imrersed in an ultrapure water rinse baph for one mnute, and the chem cal
liquid was rinsed off. Then, the wafer 10 was pulled up and dried by bl ow ng
dry air onto the wafer surfaces [ 0036] (Conparative Exanple) Except that

t he m crobubbl es were not generated, operations simlar to those of the

exanpl e wer e ‘@aiEFf edt it hang, [Wﬂﬁ??FhE MEyERRbiLeA N&%?uﬁ?dFﬁe W Frérweal
state Ofsu%ﬁbe\’\@gserﬁl§ggmgp 1%ts%tl€e9f Jrrn:? th%I @ﬁ‘ﬂ(‘:ﬂ% | g@' ghwag( \(J §ua| Iy

eval uated. [0038] erimental Results The results of observrng t he
wax renp\ealicgtate wifolehe Wedmforar eit sirswmfound @G thatphbe osgmeanrd FIG 2

(scherratnraemg aé)/\'% ”r%se) wﬁ%O?B%MfAsmaargsyljete (% eu P;)r alne)ésobs&r vre%%Irt he nax

renoval process, in e conpara ive exanp Wax was ex Fated as
partﬁcle&uﬁbens&iﬁaqmamrphergbséﬁhenefpr¢£ pa&tﬂaSlicnﬂmilﬁuhgtmﬁﬂ itshéowenoved

manner of . t wax was non-uni and uneven ef ore, can, be said
t hat t%&ipGEleﬁﬁlqﬁf Fﬁﬁ?O%Wﬁg b%T?W%ﬂ W&tP%%% Wgseﬁfﬁiﬁatfﬁe fax was
exfol i ated idnmk be=15d;at@e0f r &, | d tMBLt 858 ,saadthit cak Besgabdl dhatictbe 30

risk of particle increase and clog ing of the filter is high. [0040] 11 On
t he ot hefR&AdS T CHEINY HobtiBbFesSler'® 48ded, the entire surface was

o A SEEL o b ) e o Ll vak s Teduced [ vl e
10 [0041]

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

15 [BRIEF DESCRIPTION OF THE DRAWINGS]
[0042]

FIG. 1 is photes 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.



manner of the wax is uniformand free from unevenness. Therefore, it 5 can
be said that the possibility of partially remaining wax is low. Al the wax
was di ssol ved and renoved wi t hout being exfoliated as solid natters;
therefore, it can be said that the risklof particle increase and clogging
of the filter is low [Industrial Applicability] 10 [0041] The cl eaning

nmet hod of the present invention is capable of efficiently renoving the wax
adhering to a wafer in a fabrication process of a sem conductor substrate;
t her ef or&AIM8e cl eaning nethod significantly contributes to this field. 15
[ BRI EF DESCRI PTI ON OF THE DRAWNGS] [0042] FIG | is photos of wafers of an
exanpl e and a conparative exanple. FIG 2 is a schematic drawi ng show ng
results of ollseriangng he=th2@ sfatenodfirgheanpfarishofi st héhexample and t he
conparative exanple. 12 CLAIMS 1. A cleaning nethod of renpving wax, which
i s adher§Y P LeMAEREET B Snaler VEIRT d0&2T B uki HY el 871 "EATEGi d, the
cl eani ngne hdethedaehariaetier h zadd rnkhatedhiechegni da-drt@uhd contai ns

m crobubbl es. 2. The cl eaning nmethod described in claim1, wherein the

cl eani ngti45%uPHIE%: an aqueous |iquid containing an al kali ne conponent and a
surfactant. haoolhe;cd caniig gethodddesaribed in Ghaf o2 craher el ddie

al kal i ne conponent 1s quaternary ammoni um hydroxi de. 4. The cl eani ng net hod
descri bedidquidany of adusioms ligoidB copieiring drhelsehivormduepoeniwedrar ai s a

silicon s gfgétant.
10 3. The cleaning method described in claim 2, wherein the alkaline
component is quaternary ammonium hydroxide.
4. The cleaning method described in any of claims 1 to 3, wherein

the semiconductor wafer 1s a silicon wafer.



