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| NVENTION 5 FiLchB-(SHEE%é”_\ﬁn 1it| on The present invention rel tgga

cl eani ng met ho for REFP\ft‘éZth ubstrate havi ng porous spfﬁcgéﬁé:% posed
in the surface +hereof—and, nore particularly, to a cleaning nethod of
porous surface suitably 10 applicable as a cleaning nethod for cleaning a
gprﬁua ”mmimﬂwﬂmw@em conductor substrate used for selective etching or
iele ion o O5r PSSGES t ittin
rrateri'm, errandéL?‘ﬁlg}ﬁ?mnrg#ﬁs rflsc Fcontro$l %@R%‘?‘%%n?l?@ess 019 t he
surface 1%%tPrer eof . The inventi%EM SRptEtGk eSukPade cl eaning  net hod of
sem conductor surface. Rel ated Background Art The method for formng the
porous structure typified by porous silicon was introduced by A Unhlir 20
in 1956 (Bell. Syst. Tech. J, 35, pp. 333). After that, application

t echnol ogi es weNkcrtMWe) aredrimciNVBNTIOMsEe t hereof as a sel ective etching
| ayer or as an isolation area after oxidized, epitaxial growh on porous
silicon, stc. rikaPpreSettie applercaign 25 di scl osed i n Japanese Lai d- Open

Pat ent Application No. 5-21338 that an SO (Silicon on Insulator)
substrate The present invention relates to a cleaning method

for cleaning & substrate having porous structure
exposed in the surface thereof and, more particularly,
to a cleaning method of porous surface suitably

10 applicable as a cleaning method for cleaning a porous
silicon semiconductor substrate used for selective
etching or dielectric isolation of semiconductor or
used as a light emitting material, which demands the
most strict control of cleanliness of the surface

15 thereof. The invention also relates to a cleaning
method of semiconductor surface.
Related Background Art

The method for forming the porous structure
typified by porous silicon was introduced by A. Uhlir

20 in 1956 (Bell. Syst. Tech. J, 35, pp. 333).

After that, application technologies were
developed including use thereof as a selective etching
layer or as an isolation area after oxidized, epitaxial
growth on porous silicon, etc. The present applicant

25 disclosed in Japanese Laid-Open Patent Application No.
5-21338 that an SOI (Silicon on Insulator) substrate

was fabricated using a single-crystal silicon thin film
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was fabricated using a single-crystal silicon thin film REPLACED SHEETS SG
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paged. E.1Q to paged ..:"..... TH'S SHEER F; A 2 | REPIREPEMESD t ai |y
grown on porous silicon. In recent years the photo 1 cence phenonenon
of porous silicon was discovered, and then it"is drawing attention as a

self-radiative material 5 utilizing its features of not only the structure

but also the physical _property. A popul ar . had for form ng porous
siliconis aﬁB&%?éﬁP&ﬁ iHQQWDePQCPB5BV eségE%Pgén of mxture of

hydrof luori ¢ aci d/ pur ¢ wal er L gUhangl, DL hs, Hl: GABKERKLORRrEheREFoChen cal

cell structure. Since  many parti Cles adhere to this porous silicon,

it is better fo remmge dihg duslaRaklisebeerby,chaanichen hef ase epitaxial
growm h on the porous silicon. Conventional cleaning was only rinsing the

above 15 el eclgh@kdhg S@tehitabn RS @e sporesadibitiper maweiréanl Even now there
is no exanple to introduce a positive cleaning nmethod of the surface. As
wel | known, cl@aniikgnigs itvadifspensall e fbeber enlgndhaf sérugtocesbiutg in t he
sem conductor processes and 20 it is also unavoidable in the case of the
porous silicorlswhheaphysibalcpropetritgnal cl eani ng nmet hods of bul k
substrate (non-porous substrate) include chemcal wet cleaning with
conbi nati on of chem paipsilar method for forming porous silicon 1s
anodization in an electrolyte solution of mixture of
hydrofluoric acid/pure water/ethanol by the
10 conventional electrochemical cell structure. Since
many dust particles adhere to this porous silicon, it
is better to remove the dust particles by cleaning
before epitaxial growth on the porous silicon.
Conventional cleaning was only rinsing the above
15 electrolyte solution inside pores with pure water.
Even now there is no example to introduce a positive
cleaning method of the surface.
As well known, cleaning is indispensable before
and after processing in the semiconductor processes and
20 it is also unavoidable in the case of the porous
silicon substrate. The conventional cleaning methods
of bulk substrate (non-porous substrate) include
chemical wet cleaning with combination of chemicals
such as sulfuric acid/hydrogen peroxide,
25 ammonia/hydrogen peroxide, hydrochloric acid/hydrogen

peroxide, or hydrofluoric acid/pure water, as typified

by RCA cleaning (RCA Review, 31, pp. 187-205, 1970)



such as sul furic acid/ hydrogen peroxide, 25 anmoni a/ hydrogen per oxi de,

hydr ochl ori c aci d/ hydrogen peroxide, or hydrofluoric acid/ pure water, as
typified by RGA—qgﬁgﬁrgg% Revi ew, 31, pp. 187-205, 1970) TH S SHEET
HAS BEEN - 3 LﬁEﬁL Foped by W Kerh et al., which is said to be a
met hod effective t REPEMBWal of !dust particles on the surface. Recently,
Kojima et al. (Research Report, the 5 Institute of Electronics, Information
and Comruni cation Engi neers, SDWB5-86, |CD95-95, pp. 105-112, July 1995)
proposed a nethod_for renoyjng the dust particles_by..applyi a
high-frequenc?eU99P8§8n£¥ &;vgegp F%e%lfreaué%%yigf¥gﬁgugblb%%? (megasoni ¢
wave) to the bl o%oe%%%%kﬁ%%etbnr%mgbélub% al;shY gaefh vakisC caCkgehydr ogen
per oxi de/ pure“Wwat er/ surtfactant or in ozone-added pure water, for the
purpose of decgreasijag amounts of cleaning chemicals. This nethod is
characterized by cleaning conducted 15 in such a way that the silicon
substrate is oxidi zgdewith Rydrahl @er iag .a¢rdsandchy Repoeit  pehexi de to be
etched, the dust particles on the surface is |ifted off fromthe
substrat e, andppatienidedlor ofl ddtecthisls, partbirekesocar ende Fomaluinzea tiorh t he
surfactant to 20 prevent re-deposition of dust particles to the substrate.
The conbi nat i Gmgdheregas GOIMOS5-BepulEE9Sd %6 pEi-va 0ondigy Jpddy tRE3)ift - of
of dust particles and to renobve organic matter attached to _the surface of
substrate by gew@ostidor ofethegs foromeMmey ifgr &hfat@sthparticles by

applying a high-frequency ultrasonic wave of the

frequency of about 1 MHz (megasonic wave) to the bulk
10 substrate in a mixture of hydrofluoric acid/hydrogen
peroxide/pure water/surfactant or in ozone-added pure
water, for the purpose of decreasing amounts of
cleaning chemicals.
This method is characterized by cleaning conducted
15 in such a way that the silicon substrate is oxidized
with hydrofluoric acid and hydrogen peroxide to be
etched, the dust particles on the surface is lifted off
from the substrate, and potentials of the dust
particles are neutralized with the surfactant to
20 prevent re-deposition of dust particles to the
substrate. The combination of megasonic is purposed to
give energy upon the lift-off of dust particles and to
remove organic matter attached to the surface of
substrate by generation of ions from the pure water by
25 megasonic. Thus, the basis of the cleaning is cleaning
with the chemicals. Use of the ozone pure water is for

the purpose of enhancing the organic removing effect.



25 megasoni c. Thus, the basis of the cleaning is cleaning wth the
chem cals. Use of the ozone pure water is for the purpose of enhancing the
organic renoving effect. TH S SHEET HAS BEEN REPLACED - 4 In the

ultrasonic cl ; g\lvpl th low fréquencies ranging approxi mately
from several fﬁ‘f‘n‘sk EET ﬁﬁ@oﬁg ' conventionally used is "liquid resonance
cleaning" to emov R ih part*r cles of several ten 5 pmon the substrate
surface by applying a strong shock vvave to the substrate surface by |iquid
cavitation (expansion/co act i on to it he I| UI d. res C action. In
contrast, cleaning ¥ tH%ightF3% %amrré%gl ?rongf S’SJOQEI-EO‘% 0 1.6 Mz

d- b 10 " | Vi
L.Snef?E”ené’féif%%i%%n%e%eﬁ%?él%e %fﬁméaet%ff ﬁ#ﬁa"é“é*& i R
renove the dust &;}6 fp&k‘ﬂ% @%g&rlg\n.t lcgiair@,gd,,gg,éé

ar ac er| S e

patterns. Fro ICS ow-frequency 15 cl eaning had the

probl em of daf@ﬁéaﬁingﬁ* NE PALASED AW addt thereavidatdpreévdast el became
unenpl oyed in t sem conduct or processes of 4-Mit DRAM and after. On

the othershand;pthe HhahelbLGULREYs6t £ade Ny | SpEI PIMdIga Sttemg | siodls a
met hod capabl e of cleaning the fine dust 20 particles w thout danmagi ng the

patterns. Acceidk ngot thé heulexpestenser Hice gy pr bgeind cavnvemtoes, the
substrate having the surface of the porous structure is of fine and dense
structure and oéxpathsicticenpaction) ofige pbe ethe ThiqeidreeseRINGS

action. In contrast, cleaning with high frequencies
ranging from 800 kHz to 1.6 MHz is "sound-wave scrub

10 cleaning" to remove the dust particles by giving
kinetic energy based on resonance to the dust
particles, which enables to remove the dust particles
of submicron order without damaging fine patterns.

From such characteristics, the low-frequency

15 cleaning had the problem of damage of fine pattern due
to the cavitation impact and became unemployed in the
semiconductor processes of 4-Mbit DRAM and after. On
the other hand, the high-frequency cleaning is drawing
attention as a method capable of cleaning the fine dust

20 particles without damaging the patterns.

According to the experience of the present
inventors, the substrate having the surface of the
porous structure is of fine and dense structure and of
structure having long pores. Therefore, use of

25 chemicals in the conventional chemical wet cleaning
causes the chemicals to intrude deeply into the inside

of pores, which makes perfect elimination of chemicals



25 chem cals in the conventional chem cal wet cleaning causes the
chemcals to intrude deeply into the inside of pores, which nakes perfect
elimnation of chemicals TH S SHEET HAS BEEN REPLACED - 5 difficult even
with rinsingTwig BHpET @agag@n for a long -tidne. It negatively affects the
post - processes |ife| sbhe epitjaxial growth on the porous structure. If the
dust parti cl-es—are—attenpted-to be 5 physical l'y renoved by superposing the
conventional ultrasonic of |ow frequency on pure water, the too fragile
property of the, porous, structur ' i se. - Q of.col | of

por ous structd&%Pgh%ufB %%%%dng?gggﬁ?é fﬁéﬁggﬁuﬁgvggg céﬁft%t?%ﬁgeven in

the 10 relatively. hi o fsquensd s egka8as ound 300 ksEocdbies Pl ok em

results fromthe structuré” of porous silicon and the experience of the

present inventpgs .%ﬁitélﬁape&%{baﬁ-oﬁh%é%é%hmtfﬁ@t@@éiti ve cleaning of
porous silicon surface does not have been conducted 15 heretofore can be

considered to be bagedin &Rt SpEBLiPIOY! &k APrafdiédore bé was found by
research of the present inventors that when the surface of the porous
silicon sybstrghesesl iy Nséfoved hbpusepaepesinag t tiie 20ohventt boal of the
porous structure by anodi zation, several hundred dust particles not |ess
than 0.3 um obtaasediérofm lasefreghi¢rcyion pwrensatgr di thei boei on,
adhered to the surface in a 5-inch-dianmeter wafer as shown in Fig. 28. In
t he bar graph,fgagggefpggpeghyO¢f the porous structure will raise the

problem of collapse of porous structure due to sound
pressure of shock wave of cavitation even in the
10 relatively high frequency region around 200 kHz.

This problem results from the structure of porous
silicon and the experience of the present inventors is
not peculiar. The reason why the positive cleaning of
porous silicon surface does not have been conducted

15 heretofore can be considered to be based on the same
problem.

In addition, it was found by research of the
present inventors that when the surface of the porous
silicon substrate was rinsed with pure water after

20 formation of the porous structure by anodization,
several hundred dust particles not less than 0.3 um,
obtained from laser reflection intensity distribution,
adhered to the surface in a 5-inch-diameter wafer as
shown in Fig. 28. 1In the bar graph, classification of

25 L1, L2, and L3 indicates rough classification of sizes
of dust particles obtained from laser reflection

intensities from the dust particles and the sizes



25 L1, L2, and L3 indicates rough classification of sizes of dust
particles obtained fromlaser reflection intensities fromthe dust

particles and the sizes BEEN
< L2 < L3. The
gradual |y decr
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20 Further,

it

is al so conceivable that the surface of porous silicon

becomes hydr ophebreabecasseapturéé bpnodezaubshratet heShelghhéghcentration
hydrofluoric acid electrolyte, so that the silicon substrate tends to
el ectrost at i cahbybehar ged, ahdweties, t anarngtges nhebgystwhen compared

10

15

20

25

with those in the current semiconductor processes
wherein the dust particles are removed down to several
or less particles on the surface of bulk substrate
after RCA-cleaned.

These dust particles adhering during anodization
can be decreased to some extent by liquid circulation
of the above electrolyte solution and collection of
dust particles with a filter, but the decrease is not
sufficient yet. Conceivable causes of adhesion of dust
particles include dust particles mixed in an
anodization system and in the electrolyte solution, and
dust generated from workers during the process.
Further, it is also conceivable that the surface of
porous silicon becomes hydrophobic because of the
anodization in the high-concentration hydrofluoric acid
electrolyte, so that the silicon substrate tends to be
electrostatically charged and thus to attract the dust
particles. Therefore, prevention of adhesion of the
dust particles is not easy.

As a matter of course, such dust particles became

be



25 particles. Therefore, prevention of adhesion of the dust particles is
not easy. As a matter of course, such dust particles becane TH S SE ~E: ET
HAS E3E~~ REPLACED=,;:r—f—4—a—CaE§q to generate inperfections in the
subsequent proces§q55 SHELT EAPaPYY' | such & -anomal ous growth or  pinhol es
inthe filmformn procaﬁﬁACéﬁQﬂmgLE the hindrance .in applications of
porous silicon. 5 SUMMARYOF THE | NVENTI ON An “obj ect of the present
invention is, therefore, to provide a new cleaning nmethod capabl e of
efficiently renoving-he dust particles adhering to such a porous 10
silicon surfaceawCeNE6t tesPRGERER APSTERSE IANGhED APPeSUPPREUSTBSequent
processes and wi thout causing . collapse of the porous_silicon surface. A
fur:her object BFOFﬁésﬁﬁeSQEFtPﬁVéﬁFEMM FychoasppBeMaecrf 8FPPEreRt and

econoni cal cl eani.n qethod 13 t?ag can _be _introduced readil 'éhout a need
for great chanﬁéngp Efie ‘€ofvEnttoRar ¢ MéRHi R°stEps ah VﬁgFm% &s not
have to use spegi;aly, Nl 63l 8pohiLLESbaG! 83NLAG, BT Bod ;g porous surface

c

according to the present invention is a ne or eani ng a porous
surface of ca substrate having the porous structure at least in the surface
thereof, wherein cleaning for renoving dust particles adhering to the

porous surface gtiviRevysuwpsttat ent/akesorl ace with pure water on which a
hi gh-frequency wave with a
An object of the present invention is, therefore,
to provide a new cleaning method capable of efficiently
removing the dust particles adhering to such a porous
10 silicon surface without using chemicals that might
affect the subsequent processes and without causing
collapse of the porous silicon surface.
A furcher object of the present invention is to
provide an efficient and economical cleaning method
15 that can be introduced readily without a need for great
change of the conventional cleaning steps and that does
not have to use special chemicals.
A first cleaning method of porous surface
according to the present invention is a method for
20 cleaning a porous surface of a substrate having the
porous structure at least in the surface thereof,
wherein cleaning for removing dust particles adhering
to the porous surface of the substrate takes place with
pure water on which a high-frequency wave with a

25 frequency in the range of from 600 kHz to 2 MHz is

superimposed.



25 frequency in the range of from600 kHz to 2 MHz is superinposed. TH' S
SHEET HAS BEEN REPLACED The term "pure water"” is defined as a water
prepared by renDV|ng ‘any inpurity as nuch as EQSSIb|e In the

sem conduct or g §§E1pHﬂggmaN rs haV|ng.;y§r|ous purity | evels as shown
in Tables 1 ang @d according to an integration degree of a

sem conduct or devic red. In the present invention, water
satisfying the followi ng condition has been enployed as the pure water:
10 Resistivity [M cngg> 17.5 Particle having nore than 0.1 min di aneter
[pieces/ m11 < 20 15TB&ctErTa "PPFrec¥3fe0niF de5@nF6t aF 3i WREAT[ ppb] < 5
20 TOC [ppb] < 50 DOC [. ppb < 50 Metallic ion [ppt] < 500 25 A second

cl eani ng net hodpéﬁpﬁéﬁéu§>/sﬁﬁfngéfén9 QnYTHF‘BuSHEETaF*IAQUBEENS POREPLACED
according to the present invention is the above first cl anlng nmet hod of
porous surface %ﬁeFEﬁ SFWéCQBS§FF8FeProceSS' pure waters havin

various purity levels as shown in Tables 1 and 2 are
5 used according to an integration degree of a
semiconduccor device to be prepared.
In the present invention, water satisfying the

following condition has been employed as the pure

water:

10
Resistivivy [MQ-cm] > 17.5
Particle having more than 0.1 um in diameter
[pieces/ml] < 20

15
Bacteria [pieces/100ml] < 50
Total silica [ppb]l < 5

20 TOC [ppb] < 50
DOC [ ppb: < 50
Metallic ion [ppt] < 500

25

A second cleaning method of porous surface



surface to be cleaned has such,gtructure that apertures
exposed and wherein internal hl 5 surfaces of the por

of many pores are
es are of such

structure that a material of tpe porous structure i s exposed or is

covered wWith a material of a different Kifd.” The pg;

kind is a material different fromthe material of the po

it my be 10 a filmdeposited on the surface-of the_nm
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porous structure or a filmformed by processing the mat

structure by 0X'99&18§6tc”g£é'§9§%88t OhyLhgi ) hkﬁod §

as the occasion é cleaning

according to c&ggnggg ﬁ%hbgVSPtbQPoGQnsGL?QEet@ﬁe§EPﬁt

it, in a pure water superinposing the high-fr

erial of the porous

Hﬁgegi@krgﬁaselected

por ous sur

tAbeslYstiawBrsi ng
equency wave

thereon. The cligaREagtAELB0d1 8EnRAr RS SUEhaseraeeqrdi BHat0apaPthibes

present: invention can clean the substrate by superinp

osi ng the

hi gh-frequencyswaxgyi popakahkel ekfostheanar eHersunf aneeohat heasubstrate
imrersed in the pure water bath. The cl eaning nethod of porous surface

according to sdbrhBespoesent povest ape ednsushesdrutentkythitt at he

substrate under high-frequency cleaning as i Mmersed in

the pure water

bat h, out of hmheekigli df TRESpSHEES HLBUBEENe REPEACEBefi Pheisl eani ng

nmet hod of porous surface according to the present inve

ntion can clean the

substrate by cbvewefigwatpupempheciashofier 8Lffheeptr E1dt er TBR which

material of the different kind is a materi

al different

from the matesrial of the porous structure and it may be

10 a film deposited on the surface of the material of the

porous structure or a film formed by proce
material of the porous structure by oxidat
nitridation, or the like. The material is
the occasion may demand.

15 The cleaning method of porous surface

the present invention can clean the substr

ssing the
ion,

selected as

according to

ate by

immersing it in a pure water bath and superimposing the

high-frequency wave thereon.
The cleaning method of porous surface
20 the present invention can clean the substr
superimposing the high-frequency wave in p
the porous surface of the substrate immers
pure water bath.
The cleaning method of porous surface
25 the present invention can intermittently 1
substrate under high-frequency cleaning as

the pure water bath, out of the liquid.

according to
ate by
arallel to

ed in the

according to
ift the

immersed in



t he hi gh-frequency wave is superinposed, against the 5 porous surface of
the substrate while rotating the substrate. The porous structure in the
present application nmeans a structure in which a porous structure,
conprised of many fine conmunicating holes the pore 1Y gStiges B

t hi cknesses between the pores of which range appro |natﬁg¥ &igi EE&% al
hundred angstrons to several ten pm is fornmed acrass_t b ness

from several pmto several hundred pmin the surface of the substrate. 15
A cl eani ng net hod sem conduc rfac o] o] e
invention is chara@f‘%nz%dnlgg %%E?Sglégnﬁorgﬁg g?ﬁﬁ%ﬁ%néégﬁégig r?%cles

adhering to a.,supface.of; a.SpULANdYc! BieéHb%éaéébééksﬁepbﬁce wth pure

wat er fron1mh|c I SSO ved gas is deaerated until 20 a concentration

t her eof beco”ﬁ% o Rg”ho ul Ss§a@Qg 9How$@'6? 8ReUbtiFaspaterverewhsch

superi nposed Rird c eani ng nmet hod of porous surface according to the
present inventhannignhaspBEeHc{Okavel €ankigeainpbosa, sughanstotha

sem conductor substrate 2% havi ng the porous structure at least in the
surface stherggtouwhstueicacel eanitRg babsteanwi ngitlastopatingl ese adhering to
t he porous surface of the substrate takes - 10 TH S SHEET HAS BLE
REPLACED pl aceupsthapgre water on which a high-frequency ultrasonic wave

with a frequency in the range of from 600 kHz to 2 MHz is superinposed and
from whi ch The porous structure in the present application

means a structure in which a porous structure,
comprised of many fine communicating holes the pore

10 sizes and wall thicknesses between the pores of which
range approximately from several hundred angstroms to
several ten um, is formed across the thickness of from
several pym to several hundred pm in the surface of the
substrate.

15 A cleariing method of semiconductor surface
according to the present invention is characterized in
that cleaning for removing dust particles adhering to a
surface of a semiconductor substrate takes place with
pure water from which dissolved gas is deaerated until

20 a concentration thereof becomes 5 ppm or less and on
which an ultrasonic wave is superimposed.

A third cleaning method of porous surface
according to the present invention is a method for
cleaning a porous surface of a semiconductor substrate

25 having the porous structure at least in the surface
thereof, wherein cleaning for removing dust particles

adhering to the porous surface of the substrate takes



di ssolved gas is deaerated until a concentration 5 thereof beconmes 5 ppm or
| ess. A fourth cleaning nmethod of porous surface according-to-the present
invention is the above third cleaning method of porol#iSsGHERCE N i n t he
substrate surface to be cleaned has such structure that apmEipgE®s 10 [of
many pores are exposed and wherein internal wall surfaces—of—thepores
have such structure that a material of the pdrous structure is exposed or
is covered with a material of different kind. The naterial of the

different ki ”%ﬂa%eaﬂ@ctrﬁ;d\ﬁle didftfear ot whi dbv emHilt ateeniealcyof the porous
substrate and nmay be a il mdeposited on the surface of the material of

the porous stNUGEHER I wadd Wndrorareddayepicyc assitg trangaratferfiralm of t he
porous structure by oxidation, nitridation, or the |ike. 20 The cl eaning
met hod accor dign® keid e [ esentis isupentimposesn agldedirdrhevhsidbst r at e by
imrersing the substrate in a pure water bath having the pure water from
whi ch the di ssulseed wgas gas deaetesteath igdt junttide @ EOINSENYERGIAR t her eof
beconmes 5 ppmor |ess and 25 superinposi ng the high-frequency ultrasonic
wave ther eon.thEmead dmdanesel R & g@SSus surface according to - 11
THI' S SHEET HAS BEEN REPLACED the present jnvention can al so clean the

substrate by bl owihdg R € gaEnE MRRCE (MR W tHEF <ol ved gas is

deaerated until the concentration thereof , ) .
according tc the present invention is the above third

cleaning method of porous surface wherein the substrate
surface to be cleaned has such structure that apertures

10 of many pores are exposed and wherein internal wall
surfaces of the pores have such structure that a
material of the porous structure is exposed oOr is
covered with a material of different kind. The
material of the different kind is a material different

15 from the material of the porous substrate and may be a
film deposited on the surface of the material of the
porous structure or a film formed by processing the
material of the porous structure by oxidation,
nitridation, or the like.

20 The cleaning method according to the present
invention can clean the substrate by immersing the
substrate in a pure water bath having the pure water
from which the dissolved gas is deaerated until the
concentration thereof becomes 5 ppm or less and

25 superimposing the high-frequency ultrasonic wave
thereon.

The cleaning method of porous surface according to



beconmes 5 ppmor | ess and on which the high-frequency 5 ultrasonic wave is
superi nposed, agai nst the porous surface of the substrate while rotating
the substrate. Afifth cleaning nmethod of,porous surface accordingto the
present invention is a nethod for cleaning a poroygHaucHaER HAE BEEUpstrate
having a 10 porous structure at least in the surfag¢e thegggfacepwherejn the
porous surface of the substrate is processed so as-te-—be-nade—hydrophilic
and cl eaning of the porous surface nade hydrophilic takes place with pure
wat er on whic .gh-fre Mt 0R4 Y8adStMEt BuBstFegaenpGy i n the
range of fron?%%08t€§e§% gHﬁ§§¥l?§ é%%e?%ﬁ%ggegé t her eby effecting cl eani ng
for renDVingb95§£n§a5tbﬁk@swgggﬁrgﬂgwéﬁ FhemsihiaretRé dhesosvbgtrate. The
porous substrate to be cleaned in the present 20 invention is of such
structure thaéagpggtaégéraﬁeahentpmreSeateneépﬁsedibﬁ thersdaff ace t hereof
and of such structure as to have the pore structure communicating wth

t he aperturesbedoinbe Suppacer Thsesdasd parwhitbsthe héghefibeedenayt he
present 25 invention are desirably those adhering to the surface of the
porous sBbstralerasdnitzesvehésesfiParéngesefabpgaligptatbf PREAYEHe

di anmeters of the apertures of the TH'S SHEET F' AS Ei EL~J REPLACED - 12
pores in the poréasespfushar sUbAtERkENWRELLGNFRGEFEPHOERE! SPBFEHE  urface

according to the present invention is a nmethod for
A fifth cleaning method of porous surface

according to the present invention is a method for
cleaning a porous surface of a substrate having a
10 porous structure at least in the surface thereof,
wherein the porous surface of the substrate is
processed so as to be made hydrophilic and cleaning of
the porous surface made hydrophilic takes place with
pure water on which a high-frequency ultrasonic wave
15 with a frequency in the range of from 600 kHz to 2 MHz
is superimposed, thereby effecting cleaning for
removing dust particles adhering to the surface of the
substrate.
The porous substrate to be cleaned in the present
20 invention is of such structure that apertures of the
pores are exposed in the surface thereof and of such
structure as to have the pore structure communicating
with the apertures in the surface.
The dust particles to be removed in the present
25 invention are desirably those adhering to the surface
of the porcus substrate and sizes thereof are desirably

greater than the diameters of the apertures of the



cl eaning a porous surface of a sem conductor substrate 5 having the porous
structure at least _in the-surfe t hereof, wherein cleaning for renoving
dust particles\TQQheHEﬁgHﬂB Bitel surface oﬁ t he substrate takes place by
processing the|porougrmuctace of | the substfate so as to make it
hydrophilic an ' i gh-frequency 10 ultrasonic wave with a
frequency in the range of from 600 kHz to 2 MHz on a liquid for cleaning
the porous surface made hydrophilic. In the cleaning nmethod of porous

surface accorp'ggs tQ the ppesgat skpyeehian, the hydrophilic process of 15
the porous surface nmay be a process for formng an oxide filmover the

substrate surface gandiQ¥¢fr ctB&nihgt Ae8AbaVBk! poebuBok@sfeBet he porous
structure. In the cleaning nethod of porous surface according to the

present invenhiesrdihg kydtaphpkeseprocrseneiorlitha petbud sueface may be
a process for imersing the substrate in ozone pure water in which ozone
is dissol vedcilBaptihg waperouknstub€ackeafii agsamtboddattpor subssuatace
according to the present invention, the hydrophilic process of 25 the

por ous sarfackamdyghéhe prooessstouctnmer sktngeehg isuliber atefppea hydrogen
peroxi de solution diluted wwth pure water. - 13 TH S SHEET HAS L
REPLACED | n t hbeckedni nhemetinogleprnppgoforsypiaréndceoFdi RGTti6leHe present

i nvention, the aforenentioned Ii%uid may _be ozone pure water _in which
ozone is di ss8Pbegirg ﬁerghe surface of” the substrate takes place by

processing the porous surface of the substrate so as to
make it hydrophilic and superimposing a high-frequency
10 ultrasonic wave with a frequency in the range of from
600 kHz to 2 MHz on a liquid for cleaning the porous
surface made hydrophilic.
In the cleaning method of porous surface according
to the present invention, the hydrophilic process of
15 the porous surface may be a process for forming an
oxide film over the substrate surface and over the
internal walls of pores in the porous structure.
In the cleaning method of porous surface according
to the present invention, the hydrophilic process of
20 the porous surface may be a process for immersing the
substrate in ozone pure water in which ozone is
dissolved in pure water.
In the cleaning method of porous surface according
to the present invention, the hydrophilic process of
25 the porous surface may be a process for immersing the
substrate in a hydrogen peroxide solution diluted with

pure water.



water. 5 In the cleaning nmethod of porous surface according to the present
i nvention, the aforenentioned liquid nmay be a hydrogen peroxi de sol ution
diluted with pure water. In the cleaning_nethod of porous surface
according 10 to the present: invention, ﬁﬁe'hydrophL%lﬁ Qﬁggeﬁﬁ.oiggﬁe
porous surface may be a process for forming an oxi df PR G he" |
substrate surface and over the internal walls of pol I !
structure and the oxide filmat |east over the substrate surface may be 15
removed after cIeaqhnqh%fCﬁg%nggrogﬁtggrf%gepggohgedeﬂggg%yeéofgy%gpresent
i nvention can cleanthe substrate y effectively renoving the dust
particles on the iur baegeal ibhRrtdBsl e Bt RRIOUS ElidIFay e 1 n
the 20 surface, for ich there was no effective cleaning nethod
heret of ore begause Qf P YT S Udlidhe oR¥e tiRe NidrifiROUeNGire
ultrasonic wave w thout coll apse of the porous structure. In addition,
since the cl egnideg .effect is achieved 25 in use of only the pure water, it
is free of the problemthat the chem cals remain inside the porous
structure and i ntr aduaineor lie@ntiing oerthed icdngosthepsursate ladgdoRERICED- - |
easy. - 14 Since the cleaning nmethods of the present

to the present invention, the aforementioned liquid may

be a hydrogen peroxide solution diluted with pure
water.

In the cleaning method of porous surface according

10 to the present invention, the hydrophilic process of
the porous surface may be a process for forming an
oxide film over the substrate surface and over the
internal walls of pores in the porous structure and the
oxide film at least over the substrate surface may be

15 removed after cleaning of the porous surface of the
substrate.

The present invention can clean the substrate by
effectively removing the dust particles on the surface
of the substrate having the porous structure in the

20 surface, for which there was no effective cleaning
method heretofore because of the porous structure, by
the high-fraquency ultrasonic wave without collapse of
the porous structure.

In addition, since the cleaning effect is achieved

25 in use of only the pure water, it is free of the
problem that the chemicals remain inside the porous

structure and introduction to the conventional steps is



i nvention can be achieved in the sinple arrangenent to add the

hi gh- f requency chEQng, p to the pure water 5 rinse step after the
convent i nakagﬂgﬁtz <ion.p ocess or after the oxidation process conducted
t her eaf t rTHmt &h oductnon thereof is ;ﬁsb easy in terns of

wor kabi lity, & i-veness, and stability. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS Frg- |s a graph to shom/the rel ati onshi p between frequencies of
ultrasonic cleaning and sizes of particles to be renoved and to show t he
frequency range of the present invention; 15 Fig. 2 is a cross-sectional
viewto ShOM/%ﬁs éxanple of the porous silicon substrate; Figs. 3A and 3B

are drawings to shev,adhefboB:eshehgsnatndist opathbchessenca afer after
cleaning in the case of only rmerSion (Fig. 3A) and in the case of 20

lift every fiygvBhBub8Schhi 8e 38Bhiebkd. id tReas@mppB borshguméhe to

rel ati onship between concentration of residual oxygen and nunber of
bubbl es genesatiedhénnhifr-tkegasnsiycctéeanhggstapptuvetnat pureFvgtedb) is a
graph to show concentrations of 25 dissolved gas not generating bubbles in
t he megasoni crihseadtaepi aftaregheFcgavefiiandl 68nadézgtaphsprboeshow
concentration THI S SHEET H~' ,~ EE-U - 15 - REPLACED di stri buti ons of

di ssol ved oxygenainebathe BrkgdatidnapdoZ8sar eogdaphedt btheheaftencentrati on
di stributions of dissolved nitrogen in bath; Figs. 8A and 8B are graphs to
show concent r aheopntroduction therecf is also easy in terms of

workability, cost effectiveness, and stability.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph to show the relationship between
frequencies 0f ultrasonic cleaning and sizes of
particles to be removed and to show the frequency range
of the present invention;

15 Fig. 2 is a cross-sectional view to show an
example of the porous silicon substrate;

Figs. 3A and 3B are drawings to show adhesion
states of dust particles on a wafer after cleaning in
the case of only immersion (Fig. 3A) and in the case of

20 lift every five minutes (Fig. 3B);

Fig. 4 is a graph to show the relationship between
concentration of residual oxygen and number of bubbles
generated in the ultrasonic cleaning in pure water;

Fig. 5 is a graph to show concentrations of

25 dissolved gas not generating bubbles in the megasonic
irradiation area;

Figs. 6A and 6B are graphs to show concentration



5 distributions of dissolved oxygen upon negasonic irradiation; Figs. 9A
and 9B are graphs to show concentration distributions of dissolved

ni trogen upon—1Tey TG.~ i -Fadiation; 10 FLg. 10 is a graph to show
concentratiotTnggaﬁﬁeﬁ@éngﬁqissolved @agbiﬁ pure water in the negasonic
cl eani ng; Fi 11 RESLACEbnceptlual drawing to explain influence of bubble
in pure watef upon high-frequency 15 cleaning of a hydrophobic substrate;
Fig. 12 is a plan view to show adhering dust particles after the

hi gh-frequency;ckeapipgonberne d@HQQhGédaQQ§?éntQntBQtHYdVOPhObiC substrate;
Fig. 13 is a drawing to show an exanple of flow of 20 cleaning of the
porous silicon substgate7n bhapusearvageaphki go $Aokscandeawragiba show an
exanple of flow of cleaning of the porous silicon substrate; Fig. 15) is a
drawi ng to shawsapibxaaphe of fiiewodfed2bitkeganngnobathe porous silicon
substrate; Fig. 16 is a drawing to show an exanple of flow of cleaning of
t he porous siliconriagbst Bat andTBBSaBklEGTaplAS BEERhoREPLACEDtratéonFig. 17
is a cross-sectional. view to show an exanple of a high-frequency

ul trasonsc cl dasitmgbusppasabtdis déEsbheegr esggeni ppent megaspipgc 18 is a graph

to show the nunbers of dust
irradiation:

Figs. 9A and 9B are graphs to show concentration
distributions of dissolved nitrogen upon megasonic
irradiation;

10 Fig. 10 is a graph to show concentration
dependence of dissolved gas in pure water in the
megasonic cleaning;

Fig. 11 is a conceptual drawing to explain
influence of bubble in pure water upon high-frequency

15 cleaning of a hydrophobic substrate;

Fig. 12 is a plan view to show adhering dust
particles after the high-frequency cleaning where
bubbles adhere to the hydrophobic substrate;

Fig. 13 is a drawing to show an example of flow of

20 cleaning of the porous silicon substrate with pure
water;

Fig. 14 is a drawing to show an example of flow of
cleaning of the porous silicon substrate;

Fig. 15 is a drawing to show an example of flow of

25 cleaning of the porous silicon substrate;

Fig. 16 is a drawing to show an example of flow of

cleaning of the porous silicon substrate;



5 particles on the surface of porous silicon fromafter anodization to
after |l owtenperature oxidation, where the high-frequency ultrasonic
cleaning of the_present invention is cgri%eg out; Fig. 1') is a graph to
expl ai n the buEbHS sepoviHng BZEQ lef fect in the high-frequency cl eaning of
the present ihnventiggp AEBE®. 20 s a graph to explain the bubble renoving
effect in the hgh—freguency —<teani ng of the present invention; 15 Fig. 21
is a graph to explain the bubble renmoving effect in the high-frequency

cl eaning of the presgnti7i p¥eat&PPssFefct2dnks Aighapd sRoRxghain

contam nation of duSt particles in a carrier for cleaning; 20 Fig. 23 is a
graph to expl @kamgo8t 3p1 Aahi §A-eteqdestypaltresesitnclbencagrier for
cleaning; Fig. 24 is a conceptual drawing to show an exanple of the
configurationaghahigbsf bequracyrekénasonventLbeani ng apparatus and
deaerated pure water producing 25 apparatus according to the present
invention; Fig. 25Fig.al§raphat graphnpareshewpvaé nanesrefofdasstparticl e of
t he case where the high-frequency THI S SHEET HAS REPLACED ul trasonic

cl eani ng5of therpieteatonnvbat soAfpceappl PeroLd SHligpRatECBf 2pERBUS
silicon having a_hydrophobic surface, wth that of a_cleaning nethod

wi t hout deaer abP@ihzakign 8 pEtercbAtepENBPTAFARF ngxbf25h°3pp4ERaf s where

5 the high-frequencé ul.trasonic c#eaning.of Rhe Presegt hinventiog is
applied to a EPBaRtAY-SppaArEPGE Bf Tha8RbHe, cLeaning of the presen

invention is carried out;

Fig. 19 is a graph to explain the bubble removing

10 effect in the high-frequency cleaning of the present
invention;

Fig. 20 is a graph to explain the bubble removing
effect in thz high-frequency cleaning of the present
invention;

15 Fig. 21 is a graph to explain the bubble removing
effect in the high-frequency cleaning of the present
invention;

Fig. 22 is a graph to explain contamination of
dust particles in a carrier for cleaning:;

20 Fig. 23 is a graph to explain contamination of
dust particles in the carrier for cleaning:;

Fig. 24 is a conceptual drawing to show an example
of the configuration of high-frequency ultrasonic
cleaning apparatus and deaerated pure water producing

25 apparatus according to the present invention;

Fig. 25 is a graph to compare removal rates of

dust particle of the case where the high-frequency



type; Fig. 27 is a drawing to schematically show the relationship between
a porous silicon substrate and a high 10 frequency progressive wave; and

Fig. 28 is a ¢graphshershew t:he nunbers of dusf@ particles on the porous
silicon surfag¢e In égﬁgpgier of | bat ches- 0¥ anodi zati on where cleaning is
ended only w colventional pure water rinse after anodization. 15
Fig.s 29A to 29F are cross-sectional views to~ schematically show an
exanpl e of processes of such a sem conductor device. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Enpodj nents_of the %resent.inveniiog wll be
described '20°BAECTCi S HoPLDSt Rat “ROnBT RAETbns  YHRT 80P HF sBPRrdp i hot he

scope of thecRLesentoknxenLlon: ) (EIbogiyeny 1)nAucloaning sethodof porous

surface ac%o?%!ng fo _ resent rnvention is a ne or” superi frposi ng
an 25 ul trasonl couevsel 0 Lheaht 9-fLequency. hand alderleeguency of  which
is in the range of from 200 kKFz Yo 8. 4 MHz, preferably 1n the range of

from 600 kiz top2: 38 ; TH.S.SHEET: 4166 BEEM nREDLAGED. Mitya s o, et or abl y

in the range of from 800 kHz to MHz, on pure water and exposing a

surtace of 3. ROKRUSrE4bshERt €1EP8E6LD: ¢lebheng! 8RN NG pRLEHOG: of porous
surface according 5 to the present invention, there is no specific

limtationifhehbeonnieripbliod tdeasubsitiohe dppifecus of a shower
type;
Fig. 27 is a drawing to schematically show the
relationship between a porous silicon substrate and a high-

10 frequency progressive wave; and

Fig. 28 1is a graph to show the numbers of dust
particles on the porous silicon surface in the order of
batches of anodization where cleaning is ended only with the
conventional pure water rinse after anodization.

15 Fig.s 29A to 29F are cross-sectional views to
schematically show an example of processes of such a
semiconductor device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be described

20 and it is noted that combinations thereof also drop in the
scope of the present invention.

(Embodiment 1)

A cleaning method of porous surface according to the
present invention is a method for superimposing an

25 ultrasonic wave in the high-frequency band, the frequency of
which is in ths range of from 200 kHz to 8.4 MHz, preferably

in the range of from 600 kHz to 2



substrate is the one having the ;Porous structure in the surface, as shown
in Fig. 2. The cleaning nethod can be applied, for exanple, to

sem conductor nmaterials 10 such as Si or As, cera&ﬁggyaﬁemiahg ,Bigtycl Fig.
2 illustrates the structure in which a s&Hi conduct ér t hi pep bk of

anor phous Si, polycrystal Si, GaAs, or the |like or‘a~nepéikzed—+aye+ i's
deposited by chem cal vapor deposition or the“like over the internal wall
surfaces 15 of pores in the Si porous substrate. In Fig. 2, reference

nunmeral 21 deﬁb%na&gﬁerﬁ? §EQ§Fth§P gﬁ tggngguggagggﬁfgb@e ggb%Brate 23

t he pores, éin e por 5 the ep05|t film
Further, = numer gl g6 dsn%s%et tsste&lr QM8 BkbUchtGe, 20 Paser blzed bel ow is
cleanlng of porous silicon substrate as an exanple of the cleaning nethod
of porous suphae@sasaBsdi-Bget @nbhRetpresent invention. Sizes of dust
particles that can be renoved by wultrasonic are determ ned dependi ng upon
the frequency. 251hothexanpkeingt methsadi dft batrolbe ssrfeseobcdostiiparti cl es
that can be renoved by hi gh-frequency waves of 800 kHz or nore are

appr oxi mat el yt6. thm prheentlnvenidi SnSHEEErEASSBEENsSRERLE'IcC D nol ecul ar
acceleration given to the dust particles at this tine becones

appr oxi mat el ylamgacien phl ithenmeitesdalgfeat éhet Fakbstrageaddeltbeat i on of
gravity on the surface of Earth, and the dust particles are renoved by
this 5 ki neti 8UBREFGFe ¥hetﬂﬁvépénéﬁﬁsn§réh&so§ﬁ@P§ &$TocEuEm innthere

water, the waves are irregularly reflected at the surface of |liquid, and
sonme Of t he wavdiagpay8F shown in Fig. 2. The cleaning method can

be applied, for example, to semiconductor materials

10 such as Si or GaAs, ceramic materials, etc. Fig. 2
illustrates the structure in which a semiconductor thin
film of amorphous Si, polycrystal Si, GaAs, or the like
or a metalized layer is deposited by chemical vapor
deposition or the like over the internal wall surfaces

15 of pores in the Si porous substrate. In Fig. 2,
reference numeral 21 designates the substrate, 22 the
surface of the substrate, 23 the pores, 24 the internal
walls of the pores, and 25 the deposit film. Further,
numeral 26 denotes the porous structure.

20 Described below is cleaning of porous silicon
substrate as an example of the cleaning method of
porous surface according to the present invention.

Sizes of dust particles that can be removed by
ultrasonic are determined depending upon the frequency.

25 For example, it is said that the sizes of dust
particles that can be removed by high-frequency waves

of 800 kHz or more are approximately 0.1 um, the



into the air, so that a standing wave, as seen with the wultrasonic in the
| ow-frequency band, is little 10 generated in the pure water. Thus,
cl eani ng unevenness is little. Since the ultrasoni c+

wavel engt hs and high directivity, danmade 1&h the fin 'F
of porous silicon can be decreased by nmaking 15 the Ul trasbiciwdve ack in
parallel to the substrate surface. In addition, the high-frequency waves
are excellent in the renoving effect of dust particles because of their
smal | anplitudes and | arge nunber. of _.scru t it rf,ace.
Mor eover, gené?‘iﬁ%%% ag:fcelqoenrsae%lr?np l?%%%@c@a% ﬁ%%p%%i 1?0
resistance, sqfat fie: adhesian HlodsindAl o elitr W eldy chakai ng of
substrate is Illﬁ e. wever, there has been no exanple of application of
ul trasonic cl G‘gf&iangezt a1 e e RAYFDLISSId A Gavidly s faee, swuthdd i s

t hus needless To nention that there exists no exanple of renoving the dust
particles on tde gPoFroUSsrd |tronsy faet M lids [Eitee nemtaered/edy thhies - 20
THI'S SHEET HAS BEEN present inventor found that for cleaning the porous
substrat es Wi t Ik e cadresrdyo. Witeh wahee lergheHs eqmeeray shvavie agd dhpin ed,
unlike the bulk substrate, a certain range existed for the high-frequency
waves because i futdevgpreaperthesiafes mreormeywhishy atef legiied vith | be
described with Fig. 1. In the ultrasonic cleaning of substrate, the
frequency usedths sletercs medl Hepekdi mpd upBre (e Bl ddfeiisiaPabticl e. For

exanple, fromFig. .
P iné% the air, so that a standing wave, as seen with the

ultrasonic in the low-frequency band, is little
10 generated in the pure water. Thus, cleaning unevenness
is little.

Since the ultrasonic waves have short wavelengths
and high directivity, damage on the fine and fragile
surface of porous silicon can be decreased by making

15 the ultrasonic wave act in parallel to the substrate
surface. In addition, the high-frequency waves are
excellent in the removing effect of dust particles
because of their small amplitudes and large number of
scrubs on the substrate surface. Moreover, generation

20 of ions in pure water decreases its specific
resistance, so that re-adhesion of dust particles due
to self-charging of substrate is little.

However, there has been no example of application
of ultrasonic cleaning to cleaning of porous silicon

25 surface, and it is thus needless to mention that there
exists no example of removing the dust particles on the

porous silicon surface with pure water yet. The



1, it is effective to apply ultrasonic waves of 10 frequencies of about 80
to 90 kHz in order to renove the dust particles of the particle size of 1

pmfrom the substrate and to apply ul trasonic “a1%31§3¥rEfq'g ?ﬁﬁF artlcle

about 800 to 900 kHz in order to renove - t4% dust I7és, 0

size of 0.1 pmfrom 15 the substrate. However, themﬁxpétlnents by the
present inventor showed that in the porous Si° substrate coll apse of
porous structure was observed under 200 kHz and col |l apse of porous

structure was al so observe 0 M7y shova,dn Fig. 1.
This is becal¥e T of it T? rasotﬁ(‘ll'm%/vgtir/ﬂe ? e ok %ae% ng ratf}gees pr oébl ens in

the case of the @O{Pége%%(ﬁi%escrl&h %%hm{ edaii gnosbduedde case of

the bul k subst¥ bed, the porous structure is the 25

fine structure, flo %Fé’seragé o NUDEr 6ch PGS LWL Ofk | ABSs §#htd hea caserin por ous
silicon of p'-type and p--ftype or n-- type and the experinments by the

present lnventﬁog %éﬂoax@psteélfor -the -high-frequéhcy SHERs HASREEN oREPLACED
that the fragile porous surface coll apsed because of cavitation when the

ul trasonig vavgse ProépSHEEi &5 thdssrANO diirs weiee usethihocordig to the
experinments by the present 5 inventor, use of ultrasonic waves of the
frequenci es o¥%escBided/Heidauseu. the flrnetfgﬁ)rlé}h%r%?ﬁ?w WFeedriRg fot o

resonate, simlarly resulting in collapse of porous
substrate, the frequency used is determined depending

upon the size of dust particle. For example, from Fig.

1, it is effective to apply ultrasonic waves of

10 frequencies of about 80 to 90 kHz in order to remove
the dust particles of the particle size of 1 pm from
the substrate and to apply ultrasonic waves of
frequencies of about 800 to 900 kHz in order to remove
the dust particles of the particle size of 0.1 pm from

15 the substrate.

However, the experiments by the present inventor
showed that in the porous Si substrate collapse of
porous structure was observed under 200 kHz and
collapse of porous structure was also observed

20 similarly cver 8.4 MHz, as shown in Fig. 1. This is
because use of ultrasonic wave for cleaning raises
problems in the case of the porous substrate, which are
not experienced in the case of the bulk substrate.

As already described, the porous structure is the

25 fine structure of several hundred angstroms or less in
the case of porous silicon of p'-type and p'-type or n’ -

type and the experiments by the present inventor showed



structure. The resonance frequency depends upon the porous structure. In
the case of the porous structure 10 having relatively large hole sizes and
t hi cknesses of silicon walls ranging fromseveral hundred nmto several
tFn pmlike n' -type porous silicon, thelder limt frequency of
ultrasonic wave that can be used becones higher thamti fdi ngl y,
the ultrasonic cleaning of porous silicon sgrfaCﬁ!?ESCQﬁgﬂcﬁg%%@ﬁgdta i
higp-frequency wave in the frequency band of from 200 %%EL6Q§5L4_ ,
preferably in the range of 600 kHz to 2 . Nbr ref erabl y, .t

ul tr ﬁsoni c cl ddithdhs 5 AP Sé“ZMI%Z%% gchqlfﬁraégst?g;r’;%;e%%qsreas%ﬁi c wave
in the frequency hand as .call ggg & £lean i - of from
800 kHz to 1.C(Sgl"f\?l%aflclvﬁﬂ(§he’cnant%;lgvoq}lal tcggjn(raicgk of ég%fl a%si%ﬂéﬁr%fous
structure. The, byl l etdd 18], Japahesgd.ai d- Open Patent 25 Application No.

51- 2264 di scloses as to the high- frequency cl eaning that cleaning of

sem conduct or waf eracdskeEsnlacend tdkgditi nirgds foseqrengraddntasoni ¢ wave in
~ - 22 - TN1S SNLE-T hr BEET the range of 200 kHz to 5 MHz, but it

di scl osess appiiwait®n afsd hef hilghedseguenavasd tafasdre Eneguenaieshydr ogen
per oxi de and amoni a (chem cal s) and di scl oses nothing about cleaning of
por ous substr ajwemid M NE2 Gawveddrthel Sime Japanss s tmict@rent B lhtto
Application No. 6-275866 discloses imrersion of porous sem conductor in
pure water w tiresdreats t resonar avee el Hnapdt i @ LaRRe Q% PHRYS he

imrersion in pure water i s _purposed to
structure. The resonance frequency depends upon the

porous structure. In the case of the porous structure

10 having relatively large hole sizes and thicknesses of
silicon walls ranging from several hundred nm to
several ten um like n'-type porous silicon, the lower
limit frequency of ultrasonic wave that can be used
becomes higher than that.

15 Accordingly, the ultrasonic cleaning of porous
silicon surface is conducted with a high-frequency wave
in the frequency band of from 200 kHz to 8.4 MHz,
preferably in the range of 600 kHz to 2 MHz. More
preferably, the ultrasonic cleaning is conducted with a

20 high-frequency ultrasonic wave in the frequency band as
called megasonic cleaning, in the range of from 800 kHz
to 1.6 MHz, which can avoid the risk of collapse of
porous structure.

The bulletin of Japanese Laid-Open Patent

25 Application No. 51-2264 discloses as to the high-

frequency cleaning that cleaning of semiconductor wafer

takes place with the high-frequency ultrasonic wave in



inprove light emtting characteristics and is not for 10 cleaning. It

di scl OSﬁS not hi ng about the frequency of wultrasonic wave at all. Further,
Research Report, the fAstitute of- Electrgonics, Information and

Comuni cgt@%@i@@%ﬁ%&%, | CD95-45,~ ; pp. 105-112, July 1995,
descri bed abovegasaqudi or ant, discloses cleaning of 15 bulk substrate with
chemi cal s_to whieh-the Ultrasonic wave is applied and rinsing thereof with
pure water to which the high-frequency wave is applied, but discloses

not hi ng about ¢l eaning fo {hg 1 he \dust ticl e porous;
substrate witH rIéarb%t eorf.r Wzt %céj ro?her ’héjgg{ latﬁot SSecrlcapgrez) | em specific
to the ultrasonic: cleaning of RorQus. silj IS genNeatd ubbl es
during cl eani r‘?g}’.plc%%aifla nenolgn‘iqhoe ?hleq%l flfsrlsétﬁedeg}%po@ous sf?lidcon V‘(ﬁjrtiérjlg t he

anodi zation pr _cﬁsé%é}{ ST 400 AN D bt €8T {Blen iSca 12D) dHrsehargadquy  of
the pores as being Tepllaced with pure water during the ultrasonic

cl eani ng, and AdH gy hyslhophohiaiigpss gdradhenass iratdevior mafe bubbl es
to - 23 ------eiaaimaa THI S SHEET HAS BEEIN REPLACED the substrate
surface. sThe hubkdes ixpade pampagst ilonid-gfpesd thatson AprhMeanicrdeyy-ade t he
removi ng effect of dust particle, and they pronote adsorption of dust
particles, thus-Deesi nijscheese oingrsiathesi aPriusBRMigPEHIGET eéd to the
substrate. Bubbles are also generated by the. other factor _ than the
substrate strusite evater geiidr afthe Bubilasonke wave being applied

thereto, but the immersion in pure water is purposed to
improve light emitting characteristics and is not for

10 cleaning. It discloses nothing about the frequency of
ultrasonic wave at all. Further, Research Report, the
Institute of Electronics, Information and Communication
Engineers, 3DM95-86, ICD95-95, pp. 105-112, July 1995,
described above as prior art, discloses cleaning of

15 bulk substrate with chemicals to which the ultrasonic
wave is applied and rinsing thereof with pure water to
which the high-frequency wave is applied, but discloses
nothing abcut cleaning for removing the dust particles
on the porous substrate with pure water.

20 On the other hand, another problem specific to the
ultrasonic cleaning of porous silicon is generation of
bubbles during cleaning.

Gas taken into the inside of porous silicon during
the anodization process or during drying thereafter is

25 discharged out of the pores as being replaced with pure
water during the ultrasonic cleaning, and in the

hydrophobic case, it adheres in the form of bubbles to



gener ated because of the cavitation in the case of the |owfrequency

ul trasonic wave, while they are generated 10 because of t.he dissolved gas
in pure water in the case of the high--freguency Jutfka i C e Sl |
bubbl es adhering to the porous silicon ST dce ca!nnot Ef{ %tﬁéﬁl‘d y -the
hi gh-frequency cl eaning w thout use of shock wave,—but REAL an_beirenoved

by intermttently 15 lifting the substrate out of the pure water during the
ultrasonic cleaning. On the other hand, though not |limted to the

ul trasoni ¢ cl eani ng, batch-type_ cl eani for. .settin trates

t oget her on a ‘& rF RS RS n%/fg?%‘?f’g’ 2 ebrﬁl?bflleas e eea(%l %P#afﬁﬁés@a
problemthat th | .eani ng. ¢ i f t I thylengde. O

Tefl on), used O?ot?ltslhapsp%r%tcf n"gg“t[%ggnsdabds%"laét%eg £ ur i%%ﬁ%fle%i ng, C|(§ cgfnor mal |y
charged when sjmly It?g d d ote Wi S idie sphsigate at the
position of ca##%rpéen |1:§'25A1i{an8étﬁ:{% \\%Cﬁﬁ charged to adsorb the dust
particles. It is @ Shedosahbl edoiiy @y caidd a5t ass- aptadion| @aningt al :
present, but in the case of the carrier TH S SHEET HAS BEEN REPLACED - 24
bei ng used, a ghMcBa®std atiee sisesitmoate. during cleaning, is placed at the
carrier end, whereby the dust particles can be prevented from adhering to
the substrates at pisbDédedireaarserggosidteahshy | the hethersef & wiver ei n t he
porous silicon layer is forned only on one surface, the dust particles can
be prevented friomn thkesupgtiate etporowe surfacgendsat eviiiRelss s2t¢i ng

generated because of the cavitation in the case of the
low-frequency ultrasonic wave, while they are generated

10 because of the dissolved gas in pure water in the case
of the high-frequency ultrasonic wave. Small bubbles
adhering to the porous silicon surface cannot be
removed by the high-frequency cleaning without use of
shock wave, but they can be removed by intermittently

15 lifting the substrate out of the pure water during the
ultrasonic cleaning.

On the other hand, though not limited to the
ultrasonic cleaning, batch-type cleaning for setting
plural substrates together on a carrier and immersing

20 them in a cleaning bath has a problem that the cleaning
carrier of polytetrafluoroethylene (e.g., Teflon), used
for supporting the substrates during cleaning, is
normally charged when simply immersed in pure water,
whereby the substrate at the position of carrier end is

25 inductively charged to adsorb the dust particles.

It is also possible to employ carrierless batch

cleaning at present, but in the case of the carrier



the porous silicon substrate at the carrier end and
ot her substrates. This is a 10 counterneasure in the case of the batch
si ngl e wafer spin cleaning for cleaning

éﬁgnﬁhgg}ﬁ?gﬁgg"4n with a p&%® water shower on which the

is superinposed, this operation becones
unnecessary. 15 In the cleaning with the pure-water shower,

substrate sur
hi gh-frequenc

cl eani ng, butL

adsor ption of
triboelectrifi

can be avoi dRPHY dE¥bast P ihe FHTTFIE 1 S5

super posi tion
utilized, it

ul t rREFBAPED wave

normal |y setting the

t he

( a problemis
dust particle due to charging of the substrate caused by

cation be n i [
tween. a nozzle and flow$%géd but this problem

ary® Bo renove ust” particles on

y by

hi gh-frequency,  vi bg@}{f&@é?dcdéxgotf{%weﬁé&ﬁw&n e Sughed vl er

pressure condi
above, the pr
with only the

Ion as to avol

] "ot Pt 20 water by
i"(éjlf'?"Fgrlb h_freguency yaye. }}\{wee;%rltirgr Cér?c?”'vﬂ%é’%ﬁ% shower is

apse of porous 25 silicon. As described

Epodi PENEh & abehd £ mver tdie shisttsid | ¢l Bs e tdwesesur f ace

TH'S SHEP ' HAS { REPLACED - 25 pure water and

hi gh-f reggiency, pil & ASORLE YE@¥Sud & hDition Codyeapses of ommedusn sy ldcome | n t he

case wherein dust particles newy adhering

silicon substrajerakd ) the Suporpastidies nadn wad | srévenved | froxi di zed
re-adhere to a hydrophobic surface after the oxide filmof the

surface | ayer

10

15

20

adhet thgdtd ntlze dpdxesl surface, by reversely setting
the porous silicon substrate at the carrier end and
normally setting the other substrates. This is a
countermeasure in the case of the batch cleaning, but,
in the case of single wafer spin cleaning for cleaning
the substrate surface under rotation with a pure water
shower on which the high-frequency ultrasonic wave 1is
superimposed, this operation becomes unnecessary.

In the cleaning with the pure water shower, a

problem is adsorption of dust particle due to charging

of the substrate caused by triboelectrification between

a nozzle and flowing water, but this problem can be
avoided by decreasing the specific resistance of pure
water by superposition of high frequency wave. When
the cleaning with shower is utilized, it is necessary
to remove the dust particles only by high-frequency
vibration and to conduct cleaning under such a water
pressure condition as to avoid collapse of porous
silicon.

As described above, the present embodiment can

remove the dust particles on the surface with only the

to the surface of porous

out er nost



hydrofluoric acid reservoir, the dust particles can also be renoved by the
hi gh-f r equency %F{§A51Qqu aning in pure water. (Enmbodinment. 2) As
descri bed previaﬁ ﬂﬁﬁs Fouhd by the_ research of' -the present

i nventors that 'even BERMYSPD  hun#ired dust 25particles not less than 0.3 pm
obtained 15 fromthe |laser reflection intensity distribution, adhered to
the surface of porous silicon substrate having the porous structure which
was nade by anodization and rinsed with pure water, in the 5-inch-

di aneter wafer (Fig..28). The.cancei cay$6s <ok 120 vadhesli@poofc dust
particle incIBﬁget%8§§§nfﬁéd%ﬁ%%t%gb&g%% ?zgt?onsgpéaratus and in the

electrolyte soyhighe ANddhacdustigenerated by the workers during the
process, and it is al'so conceivable that the porous silicon surface

becones hydrophobi g begause of wdareredicuati earitncllee hieghycadtentinat i on
hydrofluoric electrolyte solution, so that the silicon substrate becones
easy to chargeg £liget IQstrideCc d}fl YoF@uds slid icob subdstidits SHEBT tHaS BEEN
REPLACED i adsorb the dust particles. Therefore, prevention of adhesion of
dust partsi cl e goyroiet ieastnaldi Rea lisheheatmald ystoxictived ire-kidherendodense and
has | ong pores, use of chemcals in chemcal wet 5 cleaning as in. the
conventional ReMreIeabing stidfacer efuletr ithedeep dentfridsi @f dhet he chemical s
into the inside of the pores, so that it beconmes difficult to elimnate

t he chemi cal s cannpinetss ysue@Tehyl gyere iwatediched in a diluted

hydrofluoric acid reservoir, the dust particles can
also be remcved by the high-frequency ultrasonic

10 cleaning in pure water.
( Embodiment 2)

As described previously, it was found by the
research of the present inventors that even several
hundred dust particles not less than 0.3 pm, obtained

15 from the laser reflection intensity distribution,
adhered to the surface of porous silicon substrate
having the porous structure which was made by
anodization and rinsed with pure water, in the 5-inch-
diameter wafer (Fig. 28). The conceivable causes of

20 adhesion of dust particle include those mixed in the
anodization apparatus and in the electrolyte solution,
and the dust generated by the workers during the
process, and it is also conceivable that the porous
silicon surface becomes hydrophobic because of

25 anodization in the high-concentration hydrofluoric
electrolyte solution, so that the silicon substrate

becomes easy to charge electrostatically so as to



rinsing for a long time, thus negatively affecting the 10 post-processes
including epitaxial growh. This problemresults fromthe structure of
porous silicon and the experience of the _prese t—iuveuru.

peculiar. It can al so be considered that 4% - r daBHh %@5@#@&Tcleanlng
of porous silicon surface 15 does not have been condudEEUAm%ketofore is
based on the sane problem Enbodinent 1 was the-surface cl eaning net hod of
the fine and fragile porous structure, for which no preferred cl eani ng

net hod had exi st ed _before nd s. 20 the surface
of porous str @A qurﬁ%ér mq@'%‘EEr 3ﬂemh%%ﬁf i Et?rqughcy

ul trasonic: wave  the frequenc QH;WH!CQ§‘%d€1é range of from 20C kHz
to 8.4 Mz, pr era ym#h ?pa > from60§}}=%Hzt020M—lz nor e

preferably in the range 230 Jﬂ&fg &QQ&@%@ ik &Mz aric Guiper iampsed.
When the ultrasoni c cl eaning |s carried out with pure water, such a
phenomenon i s iphsearomf ddiads buldd est ZhenitdlS SHEEReASBERNT REP! - A, T -
are also generated in the pure water in the high- frequency case,

especi al Iy, t hatedibly es adheite tariventiporeduRGH Idleenisy fwidd having a
hydr ophobi ¢ surface after renpoval of surface oxide film 5 The bubbles
adhering to thesurtf ace drep nottmesion taf rdwpvihemdsyed dlnse ®ifen cl eani ng
is made with the substrate to be cleaned being set in_a pure mater bath
on whi ch the ulngidmt W LIEeSURT ithidsdd Ssaneas c,ddrﬁ%?w‘tlhfe

bubbl es adhering to the
eliminate the chemicals completely even by pure water

rinsing for a long time, thus negatively affecting the
10 post-processes including epitaxial growth.

This problem results from the structure of porous
silicon and the experience of the present inventors 1is
not peculiar. It can also be considered that the
reason why positive cleaning of porous silicon surface

15 does not have been conducted heretofore is based on the
same problem.

Embodiment 1 was the surface cleaning method of
the fine and fragile porous structure, for which no
preferred cleaning method had existed before, and was

20 the method for cleaning the surface of porous structure
with the pure water on which the high-frequency
ultrasonic wave, the frequency of which is in the range
of from 200 kHz to 8.4 MHz, preferably in the range of
from 600 kHz to 2.0 MHz, more preferably in the range

25 of from 800 kHz to 1.6 MHz, is superimposed.

When the ultrasonic cleaning is carried out with

pure water, such a phenomenon is observed that bubbles



10 substrate are not renoved even by flow ng water during cleaning and the
bubbl es, while being still small, cannot nove on the substrate surface by
only buoyancy of thenmselves,. so as to be fIX h T bbl es

i npede propagation of ultrasonic wave so &% ro Qérgﬁﬁqggﬁﬁﬁf E l'eani ng
effect, and also draw fine dust particles in Lhe_pu mater to the
gas-liquid interface, in turn contam nating the substrate surface to be

cl eaned, by the dust particles. Thus, Enbodinent 1 was the nethod for

av0|d|ng 20 such %&%Engégga%ﬁgéﬁglggtl urgf %Qg Fgaggg Yggtrate due to

generation of @&6c Was t rea iZing the

cl eani ng effect the hi.q I opl,bp1¥RVEgRaravebdi-ng t he
contanlnatlon%aﬁg 0%t &’ gus? g b4 rt:[f/[%regularly |fflng t he cl eaned

25 substrate oqut of .pure b rgn - ﬂngctgurEB@éeby renmove
t he bubbl es. ?Prous ggﬁl“ék quﬁg%ﬁs?%?égeo? %ﬁ%b gs remaining I TH' S SHEET
HAS "' GFN a%%er RERLAGED 2N stihe awaf 8kideFic@im3A il lustrates positions
and the nunbér of dust particles not less than 0.2 pmon a 5-

i nch-di aget er bul k Teef eubsukckacaneheng ool yhensersaor awes nocneasted but
renmoval of bubbles was not carried 5 out in the ultrasonic cleaning in pure
wat er, and Fi go r3Bosieni leapleyriiallyst whiees cpesintingnd sam@deheiftints&e of dust
partlcles where renoval of bubbles was carried out by lifting the waf er
every five ni subegrafiee toulsecleknedubeipar spdl é8 s PA3E WRELgP33R whil e

it is 35 in Fig. 10 3B. As apparent from conpari son betm%gn Fig. 3A and
on which the ultrasonic wave 1s superimpose

Specifically, the small bubbles adhering to the

10 substrate are not removed even by flowing water during
cleaning and the bubbles, while being still small,
cannot move on the substrate surface by only buoyancy
of themselves, so as to be fixed thereon. The bubbles
impede propagation of ultrasonic wave so as to degrade

15 the cleaning effect, and also draw fine dust particles
in the pure water to the gas-liquid interface, in turn
contaminating the substrate surface to be cleaned, by
the dust particles.

Thus, Embodiment 1 was the method for avoiding

20 such problem of contamination of the cleaned substrate
due to generation of such bubbles, which was the method
for realizing the cleaning effect by the high-frequency
ultrasonic wave as avoiding the contamination due to
the dust particles, by regularly lifting the cleaned

25 substrate out of the pure water bath during cleaning to
thereby remove the bubbles.

Figs. 3A and 3B show states of bubbles remaining



Fig. 3B, the dust particles aggregate densely along the bubble rise

direction (indicated by the-ajrow in each draw ng) when the renoval of
bubbl e is nqt roiced 18 BEENvher eas the r% val of bubble relieves this

t endency. 15 nn@ﬂi%ﬁ) silicon having™t hydr ophobi ¢ surface is cleaned
by this cleani ng_rmethod for 20 minutes by superinposing the ultrasonic
wave of 950 kHz on an ordinary-tenperature over-flow pure water bath and

lifting the substrate every five mnutes out of the 20 pure water bath for

remval of bubbl ¢, approxi mtely 30 04000 list Al Uit She Whi ch

wer e unabl e t &l e renove the surface of porous
substrate. Wth furth etiti f | j I j_nut es
more. 60 96tOrgﬂmﬁ?bfﬁiﬁ%&ﬁthﬁggﬂﬂgm;&Qﬁ:i@g% 5821 B P2 & 18

particles before cleaning can he renoved.

Such fixing of; huyhlyies Lde8s Ak QeGWr GRirdaddy dhenfi Idr yamaus sidr con
surface having an oxide filmTH S SHEET HAS BLEEN REPLV7n - 29 on the

surface, and the kidlescpitd Fansal @ heubellies natsethots cdrhated

contam nation of the substrate due to the dust particles can be avoi ded.
Thus, al mpst Yut Yrofthdust] tparddrcless wamd rgblie trotdse wadinrvedsy Rige 5

hi gh-frequency ultrasonic cleaning without regular |lift of substrate. In
Enbodi nent 1, 3Ehesigustarpar tiildlussngdes mamvd@nshypntchehg esmiley it hod for

cl eaning the cleaned substrate Wth the pure water on which the ultrasonic

10 wave in t halusti FRITFFchRM SPITITEINI@ s e AUHRISS g carried out

by lifting the wafer every five minutes. The number of
dust particles is 450 in Fig. 3A while it is 35 in Fig.
10 3B. As apparent from comparison between Fig. 3A and
Fig. 3B, the dust particles aggregate densely along the
bubble rise direction (indicated by the arrow in each
drawing) when the removal of bubble is not carried out,
whereas the removal of bubble relieves this tendency.
15 When porous silicon having the hydrophobic surface
is cleaned by this cleaning method for 20 minutes by
superimposing the ultrasonic wave of 950 kHz on an
ordinary-temperature over-flow pure water bath and
lifting the substrate every five minutes out of the

20 pure water bath for removal of bubble, approximately 30

o©

to 40 % of dust particles, which were unable to clean
before, can be removed from the surface of porous
substrate. With further repetition of the same
cleaning for 20 minutes more, 60 % to 80 % of the dust

25 particles before cleaning can be removed.

Such fixing of bubbles does not occur on a

hydrophilic porous silicon surface having an oxide film



for regularly lifting the cleaned substrate out of the pure water bath
during cleaning.. There are, however, sone cases wherein further Tenhova

of dust particles is desired dependi ng up%% 15 purposes of use. If in the
above cleﬂﬂgqg%¢¢tnqﬁng@ cl eaning period“f time were prolonged in the
ultrasoni c pur% £ in order to further renove the dust particles, a
native oxide ﬁif_iCoULd be formed because of -the pure water, in addition
to the probgeg120 of reduction of work efficiency. This cleaning effect 1is
not i nprove r.ai sin t e[per r I8, i Materei od for
regularly Ii ftcl}/nngta}} es%u%%%’at e ou‘?{&o@ﬁlﬁtﬁgﬁfeﬁm&;ﬁh&%{i ng

cl eani ng woul d,;0& 35 €34 I & th £SUMHRGTSREh WIS of Whe XU tratd dle

cl eani ng should’re y on 1abor of worker. Further, it 1is not easy to
perfectly avoiw, gaperdld oot ey esarj bEHIaSSHERT HA IS BEEN mdREPLACED - 30
and adhesion thereof to the substrate during cleaning even by carrying out
the bubbl e renmpwnghopergidoicldmsetreoralile tedqd arendfad andcke furt her
inprovenent is desired in terms of reproducibility and stability of 5

cl eani ng.s Thushi drbckdmsticy? wiatsr asdn iav edl e ing esithowt reéqrtaverl ¥isear ch,
which is a nethod for cleaning the substrate with pure water from which

di ssol ved gas o sweserated, thereby preventing contam nation of the 10

substrate due to the dust particles in the pure water,
In Embodiment 1, the dust particles were removed

by the cleaning method for cleaning the cleaned
substrate with the pure water on which the ultrasonic
10 wave in the high-frequency region is superimposed and
for regularly lifting the cleaned substrate out of the
pure water bath during cleaning.
There are, however, some cases wherein further
removal of dust particles is desired depending upon
15 purposes of use. If in the above cleaning method the
cleaning period of time were prolonged in the
ultrasonic pure water in order to further remove the
dust particles, a native oxide film could be formed
because of the pure water, in addition to the problem
20 of reduction of work efficiency. This cleaning effect
is not improved by raising the temperature of pure
water.
The method for regularly lifting the substrate out
of the pure water bath during cleaning would be
25 extremely cumbersome works, for example, if the
cleaning should rely on labor of worker. Further, it

is not easy to perfectly avoid generation of bubbles



caused by generation of bubbles and adhesion thereof to the substrate
during the ultrasonic cleaning. In cleaning of sem conductor substrate, it
is known that—O2 and COP are deaerated fqr, anti oxi dation on 15 the

sem conducltH‘rszSJ‘Eﬁ’rW.geBEm ver, N21 re‘d%@i ng gas, was not considered
speci fical'ly topbe sggrproble but, on the contrary, the cleaning water was
used wi th N2—takenr—+h-uUp.1t6 the saturation concentration thereof (17.8
ppm at 25C and 6.7 ppmin warm pure water of 20 80C). The present inventor

checked Lhe nU e dlas it TS BN ALALRL WL IATRR G e es o,

frequenci es GPY? angi ng concentratio of
resi dual oxygen fo[g%f&b%brﬁﬁfi% & t@lfg ANt AN AR GNSpAH Shpwn i n Fig.
u

4. The nunber of 2 s generated in the case of the frequency of 950

kHz was great gjzdand hale ifednacase9f droe of requersy in@robendic A 5
ppm 100 or nore bubbles weré - 31 TH'S SHEET HAS BEEN nr D 'I L; 1

generated in gidh@lecase withd ks e dpilides vaariayf eundd stabille ty esuse of
adhesi on of dust particles. It was also found that it was not easy to

avoi d t he geneyaidrimg.of bubble even if the pure water was heated to 80C. 5
Thus, the present inventor also checked the nunber of bubbl es generated by
the ultrasoni ¢ waveahw, tHwbodimeguiericives eichievad, aand ISGWHEZ afi t h

changi ng concentration of residual oxygen simlarly and with also
deaeratiing NXurfiepmesmardmyedtich figuid mefdrod for cleaning the

substrate with pure water from which dissolved gas is
deaerated, thereby preventing contamination of the

10 substrate due to the dust particles in the pure water,
caused by generation of bubbles and adhesion thereof to
the substrate during the ultrasonic cleaning.

In cleaning of semiconductor substrate, it is

known that 0, and CO, are deaerated for antioxidation on

15 the semiconductor substrate. However, N,, reducing gas,
was not considered specifically to be a problem, but,
on the contrary, the cleaning water was used with N,
taken in up to the saturation concentration thereof
(17.8 ppm at 25°C and 6.7 ppm in warm pure water of

20 80°C). The present inventor checked the number of
bubbles generated with ultrasonic waves of frequencies
of 47 kHz and 950 kHz and with changing concentration
of residual oxygen for the pure water of 25°C
containing N,, as shown in Fig. 4. The number of

25 bubbles gererated in the case of the frequency of 950
kHz was greater than that in the case of the frequency

of 47 kHz. At S ppm, 100 or more bubbles were



10 substantially no bubbles were generated around 6 ppmat 47 kHz or
around 3 to 5 ppmat 950 kHz, so that deaeration (including N2) was able
to suppress the generation of bubble indggendently of the frequencies of
ultrasonic wave so as to renove the dusT rticles f [ gilrate,
t hus achieving the present invention. The presentL%ﬁ@%%ggﬁlHéggﬁigi in
great detail concentrations of dissolved gas'in p

e et il a
squar e- shaped over-flow bath in a water supply state, 20 using a dissol ved

oxygen/ di ssol ved nitragen [ I [a) herhewe Ll aborat ori es,
I nc. Fron1thegeP§§3%Fg gp %ﬁg%%%é§%¥%néﬁp,%R%éﬁn&g%§%§%as s&pp??ed from

the botton1poQ%ig@m%f%&g%ep%grhhhgwiggtQfUBQ§% paffadhaki.on 1ef waegasonic
wave of power 60 and 25 frequency 950 kHz and, though dependi ng upon the

rate of watern;$uPRueE a%athaWnwalk hog edsyWienatbedr ahe glenewaitdion
supplied was in the range of 0.2 nB/hr to 0.4 1 TNl SHE,: T N~ S BEEN

REPLACED - 32,8/ bb1eplehamifrorHeh@ueeekaftb@wwape hatited, too 8ioulchl es  wer e
found to be generated in the entire area of the bath if the concentration
of dissolsved nitrogemd,n thize pripges tWvdherenasrt hé ssuppleickednather nvapeander
the range of 5 5 ppmto 5.5 ppmand if the concentration of dissolved
oxygen was under bulipd Liegn geneir a3-e83 bypriaheo w4 tZ agemic waveisg 015 thgrve 111
represents the concentration of dissolved nitrogen and curve 112 the
concentrat i on fafequginssdelsyef dxyddly and 950 kHz with changing

concentration of residual oxygen similarly and with
also deaerating N,. The present inventor found that

10 substantially no bubbles were generated around 6 ppm at
47 kHz or around 3 to 5 ppm at 950 KHz, so that
deaeration (including N,) was able to suppress the
generation cf bubble independently of the frequencies
of ultrasonic wave so as to remcve the dust particles

15 from the substrate, thus achieving the present
invention.

The present inventor measured in great detail
concentrations of dissolved gas in pure water in a
square-shaped over-flow bath in a water supply state,

20 using a dissolved oxygen/dissolved nitrogen sensor
available from Orbisphere Laboratories, Inc. From the
results of the measurement, when water was supplied
from the bottom portion of the over-flow bath under
irradiation of megasonic wave of power 600 W and

25 frequency 950 kHz and, though depending upon the rate
of water supplied as shown in Fig. 5, when the rate of

water supplied was in the range of 0.2 m’/hr to 0.4



10 I'n the normal semi conductor processes pure water wth nitrogen gas
di ssol ved after prinary.deaeration is wused at a use point. The present

i nvent gglnﬁ pure water containjng the dissolved oxygen in the
concenyﬂﬁﬁ oh ‘oﬁlﬁ 8 ppb and the di sé% ved nitrogen in the
concentr at i oRERALE mclose to the saturation concentration thereof

bgfore,—bur‘ﬁﬁﬁﬁﬁes were generated by negasonic irradiation if only the
di ssol ved oxygen was deaerated and if the dissolved 20 nitrogen existed 5

ol vea T T OB BoRamhl, SBroRBesBRRY - ERohoPRERR 1 6RTOROL bALLIAS Of gases

di ssol ved in Ht ns —anon gases rnt pure

water in order,Jo SURRILSS, WIe HENGIAL qrpftr@%mtq@ Athen Jﬂﬂecr{aegasom c

wave is appli e 1o e pure water, is thus necessary at least to

control conc tfh'"t'Pr\:?lé)fc-cfrﬁ:%()ﬁ?xtdﬁﬁ%rgQﬁﬁ%l@‘sdlxlé&gﬁrtrd@@fgam the33 - (
THI'S SHEET HAS BEEN { REP LA and COQ2. which are mai n conponent gases of

air. (Dalton' sit@wieald itle HagaUes) vt easounder the mairgec aponent
gases of air are noted particularly is that the bath used for cleaning 5
is normaldy ofs sisbh sd rauct wpe tédat itthetrsurdacemfraticuiat idsl ssgaivgd t he
at nosphere and that even with the over-flow operation the gases conposing
t he at nospher eoxygen Jwas exndeditgsn|naawd mfo 3-H8 ldrquit f4-cmardre | ilqui d
surface and anounts thereof are not negligible. 10 The re-dissol ution of
air in contactFig+ P tdurve 111 represents the concentration of
dissolved nitrogen and curve 112 the concentration of
dissolved oxygen.
10 In the normal semiconductor processes pure water
with nitrogen gas dissolved after primary deaeration is
used at a use point.
The present inventors also used the pure water
containing the dissolved oxygen in the concentration of
15 7.38 ppb and the dissolved nitrogen in the
concentration of 14.57 ppm close to the saturation
concentration thereof before, but bubbles were
generated by megasonic irradiation if only the
dissolved oxygen was deaerated and if the dissolved
20 nitrogen existed 5 ppm or more.
From this, it is necessary to control
concentrations of gases dissolved in high
concentrations among the dissolved gases in the pure
water in order to suppress the generation of bubble
25 when the megasonic wave is applied to the pure water,

and it is thus necessary at least to control

concentrations of respective gases of nitrogen, oxygen,



liquid surface is outstanding in the case of a water reservoir. Even if
deaerated water is supplied from the reservoir bottomto be stored,
concentrations of dissolved gases increase toward the-liquid surface with
15 respect to those at the reservoir bott&d thus Kty SH@EstHz;igbgp:;i;\p' s of
concentrations of dissolved gases in the reservoir! Wthpglapse of Fi me
the distributions in the reservoir are made even tohigh—corcehtrations,
whi ch nakes control of concentration of dissolved gas 20 difficult.
(Henry's law) On. the otvg_er_. hand, in the case of the_o r-lti ow bath, the
pure water coft™dl fihg ¥ ﬁ%PoPFsdma%BnggﬁPPa?Pgnggggsdlggs8 \%éd gases is

al ways supplie Y. suppl.yin eaer.at.e romthe bath bottom portion
25 and fl ows o(ajearbl <G bsgﬁd%ai(%feg)a%ﬁ{laao t%%%%). This is considered to be

a reason of capabilJ cant |40 mdihe d@atdeofcdisisolawed gas
constant in the - 3 élb’%'{ah. | erl'%Jls SNCET v~,‘% Lo et PLAC & I'n

practice, howeyersg there Appears SUGha denaanasedepandingdipen t he
rate of water suppli'ed, that t'he deaerated water reaching the liquid

surface 5 coness t Gt REo4 hauH NPsRief e S aHas: tthd esulifamd wef the gases
and part thereof is not drained and again circulates in the bath, thereby
i ncreasi ng theLifonte raddronso ofheli s yaegases ithatheewat witdn Wrader to

solve this problem inportant points 10 are optinum design of structure of
bat h and opti mier-flow operation the gases composing the atmosphere

(air) are re-dissolved into the liquid from the liquid
surface and amounts thereof are not negligible.

10 The re-dissolution of air in contact with the
liquid surface is outstanding in the case of a water
reservoir. Even if deaerated water is supplied from
the reservoir bottom to be stored, concentrations of
dissolved gases increase toward the liquid surface with

15 respect to those at the reservoir bottom, thus making
distributions of concentrations of dissolved gases in
the reservoir. With a lapse of time the distributions
in the reservoir are made even to high concentrations,
which makes control of concentration of dissolved gas

20 difficult. (Henry's law)

On the other hand, in the case of the over-flow
bath, the pure water containing controlled
concentrations of dissolved gases is always supplied by
supplying deaerated water from the bath bottom portion

25 and flows over to be drained out of the bath. This is
considered to be a reason of capability of controlling

the concenftration of dissolved gas constant in the



setting of the rate of water supplied. As an exanple, distributions of
di ssol ved oxygen concentration (DO value) and di ssol ved nitrogen
concentration (N2 value) at the depth 25 ¢m (at the 15
the depth 12.5 cm (at the m ddl e of bafh?4iﬁ t he squaWéﬁﬁﬁéﬁgé‘ ver flo
bath of the size of the width 28 cm the length 23 cm} and tE&Liféy

cm enpl oyed by the present inventor are illustrated in —Frg— A, Fig. 6B,
Fig. 7A, and Fig. 7B. Here, Fig. 6A 20 shows the concentration

di stribution of dissolved oxygen in the bath at the depth of 25 cm (at the
bottom of baPﬁFhand Fig. 6B shows the concentration distribution of

di ssol ved oxygen in the_bath _at depthe@f 12p8a¢@ Gatnht Re m ddl e of the
bath). Fig. 7A 25 sﬁoﬁgafﬁé”EOnggﬁgygtfon gistr?ﬁu?ion of dissol ved

nitrogen in tggegghg ah thedapthgolipbd: 2hemrakd bifgwatél shews ikhe
concentration |str|8ht|on of disSolved TH S SHEET HAS BEEN - 35 - REPLACED
ni trogen in the Rathecalickhedent hatbr2rcaanii ket heqgpude swattexeof t he
oxygen concentration 1.88 ppb and the nitrogen concentration 1.542 ppm
after secondaphedeasr abindacat thie atmesphiere was aseitng re-sdgsoilee at t he
water supply rate 0.3 nB/hr fromthe bath bottomportion (at the depth of
25 cm) to fl owheoversest hadc pacentuherieod 6f diots dradaedx pen agsd ™t he
concentration of dissolved nitrogen were nmeasured at = each position in the
bath. 10 The arirowliafretshdrdrtgi g tibtnditd@redya ificredsiod &€ water supply in
the bath bottom portion. .

concentrations of dissolved gases in the bath.

In order to solve this problem, important points
10 are optimum design of structure of bath and optimum
setting of the rate of water supplied.

As an example, distributions of dissolved oxygen
concentration (DO value) and dissolved nitrogen
concentration (N2 value) at the depth 25 cm (at the

15 bath bottom) and at the depth 12.5 cm (at the middle of
bath) in the square-shaped over-flow bath of the size
of the width 28 cm, the length 23 cm, and the depth 25
cm employed by the present inventor are illustrated in
Fig. 6A, Fig. 6B, Fig. 7A, and Fig. 7B. Here, Fig. 6A

20 shows the concentration distribution of dissolved
oxygen in the bath at the depth of 25 cm (at the bottom
of bath) and Fig. 6B shows the concentration
distributicn of dissolved oxygen in the bath at the
depth of 12.5 cm (at the middle of the bath). Fig. 7A

25 shows the concentration distribution of dissolved
nitrogen in the bath at the depth of 12.5 cm and Fig.

7B shows the concentration distribution of dissolved



Regardl ess of the gas species, the concentration of dissolved gas is
| onest at the water supply port and the concentration increases with

[ ncrrﬁl:slr:g‘ﬁﬂflfﬁg?qﬁ } fromthe water sup%lij port along flow of the pure

wat e De H'*botjt om portion. At the>depth 12.5 cmthe concentrations
wer e' hi ghdttPLAa) in the bath bottom portion, but the concentration
distributions were alnost uniform show ng the oxygen concentration of 20
about 150 ppb and the nitrogen concentration of about 1.8 ppm Here,

turbulent flow.occurs i.n tl I EleptiERENdisNgupon the position
and direction"9f ) g%v\é?leﬁﬂ%sft?g% y%%o\r%;ﬁear?gpt e wat er supply rate, which

i ncreases 25 the C?lﬁucei%;[tﬁ\teg NS$-d Lalhe lg)gt %?eT?)%ggefnorco%mr%,tio\men the

concentrations in t'he e controll concentrations of

di ssol ved gasqs8%”p%@eahdS@EETnH%§oBEBLAOBEQntr%Qio%EQQﬁd@rHQW dgaerat ed
wat er, optinmum design to keep the concentrations in the bath |ow as
descri bed abowedohdai§c@ss@iratibu tsherthet heec podent watsi desngof di ssol ved
gases in 5 the deaerated water in the over-flow bath under negasonic
irradi atison slsugiptliyd @mor edee waittelr tsiupp lof raiter &disam Ohr Coaeebbeat i on

di stributions of dissolved oxygen in the over-flow bath under negasonic
irradi ati on ofbaidwdottbd 600 twoand aftorthe deipvlit € 250@Mh& b &tlievbot t om
portion are shown in Fig. 8A and Fig. 813 and concentration _distributions
of dissol ved ®iveTogdheacensiempFation @f dissolved oxygen and the

concentraticn of dissolved nitrogen were measured at
each position in the bath.

10 The arrow in the drawing indicates a direction of
water supply in the bath bottom portion.

Regardless of the gas species, the concentration
of dissolved gas is lowest at the water supply port and
the concentration increases with increasing distance

15 from the water supply port along flow of the pure water
in the bath bottom portion. At the depth 12.5 cm the
concentrations were higher than in the bath bottom
portion, but the concentration distributions were
almost uniform, showing the oxygen concentration of

20 about 150 ppb and the nitrogen concentration of about
1.8 ppm.

Here, turbulent flow occurs in the flow of water,
depending upcn the position and direction of the water
supply port and the water supply rate, which increases

25 the concentrations in the bath. Thus, for example,
when the concentrations in the bath are controlled by

the concerntrations of dissolved gases in the



9A and Fig.. 93. Here, Fig. 8A shows the concentration distribution of
dissolved_gzzggg_gL_Lhemde th of 25 cm 15 (at the bath bottom under
megasoni .ﬂﬂgqgﬁ@tnwﬁ.aﬁﬂdgFig. 8B shows t concentration distribution of
dissolvea oxygerpaicgbhe depth of 12.5 cm (at the middle of bath) under

megasoni ¢ _i rradi-at+en—Fig. 9A shows the concentration distribution of
di ssol ved nitrogen at 20 the depth of 25 cm under negasonic irradiation and
Fig. 9B shows the concentration distribution of dissolved nitrogen at.

the depth of 1%%901%2#{‘9%6@%?%&& Gratidd adiatiqn, fAdhauoh, ghagges,are

small, it is cessary to se e concentrations of dissolved gases 25 in

the deaerated %%n&{{)@i&%Li@'%t&K&mgl&u% doneeidedtd e hianges under
the conditions of practical wuse into consideration, in order to accurately

control - 37 -ndcdddaxyPoHEET HAS BEEN REPLACED the concentrations of

di ssolved gases in the bath. Nanely,, the cleaning nethod of surface
according to the presefiiei NVEN | @ndentaratinyed oh dluedo vedygases iwl eani ng
for renoving the dust particles adhering to 5 the surface of substrate
takes pl age withe tdeagrated wadezr f ionthwhi eret hel o Sedtlvedndrls i s deaer at ed
until the concentration of dissolved gas becones 5 ppmor |ess and on

whi ch the ul t resgpascnioaieradiatpen | phoghdly Imeeeasmcehth afitmh of

di ssolved gas is 5 ppmor |ess"” 10 neans that the concentration of any

di ssol ved gas,irra¢urtie’ds of kinds of dissolved gases, is 5 ppmor |ess,

s e oybaneentrStEas PR L0Ges SR0OSE S PLLONSe ol gae! 15

the over-flow bath under megasonic irradiation of power
10 600 W and for 10 minutes from the bath bottom portion
are shown in Fig. 8A and Fig. 8B and concentration
distributions of dissolved nitrogen are shown in Fig.
9A and Fig. 9B. Here, Fig. 8A shows the concentration
distribution of dissolved oxygen at the depth of 25 cm
15 (at the bath bottom) under megasonic irradiation and
Fig. 8B shows the concentration distribution of
dissolved oxygen at the depth of 12.5 cm (at the middle
of bath) under megasonic irradiation. Fig. 9A shows
the concentration distribution of dissolved nitrogen at
20 the depth of 25 cm under megasonic irradiation and Fig.
9B shows the concentration distribution of dissolved
nitrogen at the depth of 12.5 cm under megasonic
irradiation. Although changes are small, it is
necessary to set the concentrations of dissolved gases
25 in the deaerated water supplied, also taking such
concentration changes under the conditions of practical

use into consideration, in order to accurately control



nitrogen, and CO2 as the main conponents of air are 5 15 ppmor |ess.
However, negasoni c cl eaning experinments by the present inventor as to
concentrati on dependence of dissolved gas in the pyre—water—mn t%e 1
negasoni ¢ cl eani ng showed clearly, as shé¥n-in Figj oS SHRAT Hve Bopl

cl eaning effect by the megasonic: irradiation was excel | &PLAUEDh useof
deaerated water in the controlled concentrations of dissolved gases bel ow
t he boundaries not generating bubbles (the concentration of dissolved

nitrogen not nore than 5 ppm and the concentration of di.ssel ved oxygen
not nore than e8P HEtiees GFégﬁFﬁﬁﬁgFPegﬁsﬁf ﬁﬁe%%§b§§§%?c

irradiation was achieved al . wit.h u f d I - 38 THLS
SHEET HAS BEEN P 58 s absnAe adg PR B e o s el ase the
i ssol ved gases at f-.di | vied su@X%y ge b
and the conceﬁ??g#?bkgg%gﬁvgggﬁégﬁﬁﬁﬁﬁ?EBE%EQS' %.%%pSWIasgkgﬁgiﬁ%ggiﬁgns
in the bath), caetanﬁ%hfr& huhklanhgeie grRRer deedicllee memsanmf ddis is not
apparent yet, but the principle o: _ negasonic cleaning is not only from
the "sound wavR SGIHACE eANiid's tas tee akere ¢ letee twdftdr &she Iputret he above
result suggests such a possibility that 10 the negasonic cleaning is
cl eani ng baseq;sed FrdayReTigirstine Effsedivaed dast He 'deaguiadtedesortance
cl eaning”" by cavitation as in the | owfrequency ultrasonic cleaning.
Gener ati on of thbkiendantirtees inegagodissolved gas becomes 5 ppm or

less and ori which the ultrasonic wave is superimposed.

"The concentration of dissolved gas is 5 ppm or less"
10 means that the concentration of any dissolved gas,

regardless of kinds of dissolved gases, is 5 ppm or

less, but in general, it is sufficient that the

concentrations of dissolved gases including oxygen,

nitrogen, and CO, as the main components of air are 5
15 ppm or less.

However, megasonic cleaning experiments by the
present inventor as to concentration dependence of
dissolved gas in the pure water in the megasonic
cleaning showed clearly, as shown in Fig. 10, that the

20 cleaning effect by the megasonic irradiation was
excellent with use of deaerated water in the controlled
concentrations of dissolved gases below the boundaries
not generating bubbles (the concentration of dissolved
nitrogen not more than 5 ppm and the concentration of

25 dissolved oxygen not more than 3.8 ppm), but no
cleaning effect by the megasonic irradiation was

achieved at all with use of deaerated water by



irradi ati on under existence of the high concentrations 15 of dissolved
gases is also evidence of the liquid resonance phenonenon. It is, however,
known that in the negasonic cleaning theéﬁfund pressure generated by
cavitation inpact is very low, and the c tation i

weak, even if the liquid resonance is present. It i%'&é@dﬂﬁﬁéﬂﬁﬁhéﬁﬁﬁ i us;
of cavitation decreases wth increasing frequency iln ultpasqgm:zg vi bration.
Supposi ng that the sound pressure is generated by cavitation ~denser
generation of bighsiLaquenty. 25 Jesaanse Lhan: ofo |auetssguoncy does not

al ways contradi ct: Wth thé weak cavitation i npact. The small radius of

cavi tation andyihes Vel gaRSs - (Up Y SIRHEEInEHAS £t i RERMAGH: slensdd ¥
thereof will result in excellent performance for renoving particles of

snmal | er parti Cd))@{)@érie@f THe setyidrd i e phenosenont 5phi 06 dbseolwed ecul es

by ultrasonic vibration, irrespective of the frequency, 5 whereby a kind.
of small spacenifrégamcetim s apen iss nemiecemt tdrel gus eimatlee . bath)s t hus
conceivabl e that this space expands and quickly contracts finally, thereby
gener ati ng t hetisoudid ps eisshiskes |werangdeecarsd dered t hat generati on of
bubbl e 10 occurs in such a way that the gas dissolved in water is

deaerat ed into thisThpaceasonthe Vatsiuhs et crpRrehhatYehhebut hehgpace
contracting speed is greater than the speed of re-dissolution of the gas
in the space iptoncihke pof enegaeenbpdcirmindel depRt t9NbY §5Mi & gh, the

"sound wave scrub cleaning" as mentioned heretofore,

be

but the above result suggests such a possibility that

10 the megasonic cleaning is cleaning based on the
synergistic effect with the "liquid resonance cleaning”
by cavitation as in the low-frequency ultrasonic
cleaning. Generation of bubble by the megasonic
irradiation under existence of the high concentrations

15 of dissolved gases is also evidence of the liquid
resonance phenomenon.

It is, however, known that in the megasonic
cleaning the sound pressure generated by cavitation
impact is very low, and the cavitation phenomenon will

20 be weak, even if the liquid resonance is present.

It is said that the radius of cavitation decreases
with increasing frequency in ultrasonic vibration.
Supposing that the sound pressure is generated by
cavitation, denser generation of high-frequency

25 resonance than of low frequency does not always
contradict with the weak cavitation impact.

The small radius of cavitation and the high



15 gas, having nowhere to go, remains in the formof bubbles. The bubbl es
adhering to a hydrophobic substrate, which are not renoved by over fl ow,
di sappear several mnutes (two to three minutes) aft

20 water deaerated to the limt with stopping the ulltfasonité! HAS &&itati on.
Fromthis, the gas deaerated into the fine vacuum space bytftaEDation'is
considered to re-dissolve in the pure water. 25 Control of generation of
3_ubb| Ie ugder ultrasonic irradiation by controlling the concentration of

i ssol ved gas j s naqthing but. degreasi UL - ;- ' BEEN gas
Ij_emaihni ngdas 6{%’0312? &J%rém%fr iwﬁiglt %ésssner%irl?ly of galfqtdgaegggtrén-&gﬂacrﬁ )

i scharged int I aeuym £ Idmd1SehPrBUSIc1 N} ALar why no
nmegasonic  cl e%r# %nfe#‘{%c appeacrs'%%s:ﬁJ usééna‘of ethe pure water 5 deae?/at ed to
the limt, but adheg{onLfi RAfldeIgherndMureas eplartd e wontaiigtullds i s
assunmed that there is contribution of dissolved gas to the cavitation the
fine space: i pymaiitaidat by ibratacinmirrelsgase i(weas atieorfresfueswace, and
re-di ssolution of wupon contraction, or that it electrochem cal action due
to fromdghe dires@biech gaisnd roft enalll ofpgus et ialvasfuuth e talisstirsptiade

in the pure water. It is thus conceivable that this
space expands and quickly contracts finally, thereby
generating the sound pressure.

It can be considered that generation of bubble

10 occurs in such a way that the gas dissolved in water is
deaerated into this space in the vacuum state and that
when the space contracting speed is greater than the
speed of re-dissolution of the gas in the space into
the pure water and when the density of gas is high, the

15 gas, having nowhere to go, remains in the form of
bubbles.

The bubbles adhering to a hydrophobic substrate,
which are not removed by over flow, disappear several
minutes (two to three minutes) after supply of the pure

20 water deaerated to the limit with stopping the
ultrasonic irradiation.

From this, the gas deaerated into the fine vacuum
space by cavitation is considered to re-dissolve in the
pure water.

25 Control of generation of bubble under ultrasonic
irradiation by controlling the concentration of

dissolved gas is nothing but decreasing the amount of



phenonenon, i.e., that repetitive processes of dissolved gas into the pure
water the of ion species and the change negasonic gas into the results
fromgeneration pure water due to the irradiation, _as nmentioned
heretofore. The above cleaning method of &frface ac¢quedi ngrto;: khegy psent

I nvention was found out in the process of experinents ofRihe;eﬁeanin
nmet hod of porous surface, 20 but the fact that the bubbles—are- of
adhesion of dust particles is not specific to the porous surface. Thus,

the invention can_al so _he appli t eqning ; e
substrate, and°§o"6hc*"ForF %%a%% g}%?hgbp?ggg%#%PnSeﬁt?%%sggESEFtgg%y 25

appli cable t04eeanig ghqsWaskhabgRanaKicd che MudEORRGRUM Sputace, but it
can al so be applied to éﬁeanlng of substrates having a hydrophilic

surface,. TH S HAS{RETL. ' joAlerthebel B1adhesihgn nef mdesisapalid i cl es can be
prevented nore certainly 1f generation of bubble is suppressed

cleaning effect appears in use of the pure water

5 deaerated to the limit, but adhesion of particle
increases on the contrary.

It is assumed that there is contribution of
dissolved gas to the cavitation phenomenon, i.e., that
the fine space is maintained by repetitive processes of

10 vacuum, release (deaeration) of dissolved gas into the
space, and re-dissolution of gas into the pure water
upon contraction, or that it results from the
electrochemical action due to generation of ion species
from the dissolved gas in the pure water and the change

15 of potential of the substrate due to the megasonic
irradiation, as mentioned heretofore.

The above cleaning method of surface according to
the present invention was found out in the process of
experiments of the cleaning method of porous surface,

20 but the fact that the bubbles are a cause of adhesion
of dust particles is not specific to the porous
surface. Thus, the invention can also be applied to
cleaning of silicon wafer, SOI substrate, and so on,
for example. The present invention is suitably

25 applicable to cleaning of substrates having a
hydrophobic surface, but it can also be applied to

cleaning of substrates having a hydrophilic surface,



wel | . The cl eani ng met hod of porous surface according to 5 the present
invention is a nmethod of cleaning for irradiating the surface of porous
sili St+-8 Wth the ultrasonic wa ¢ in the high-frequency band in
the\rrar&gé%té‘:’ﬂﬁ*\ 500 kHz to 8.4 Mz, pre;éerably in the range of from 600
kHz {to 2 W,ACé@’g_ferably in the 10 range of from800 kHz to 1.6 Mz,
as super+nposSed on pure water, and using the pure water from which the

di ssolved gas is deaerated, thereby preventing contam nation of substrate

due to the dugt particles i, the pwie partet «&akaad Hay pgerenakiqon of
bubbl e and 15‘”2‘&%%5}%0%0?’%@%%& to the gubstrat(e during tpﬁg ul trasonic

cl eani ng, and therehy .rgal;iziing geherhtlibhe andusiakl &8s cuppiiergeal the
porous silicon surface having the hydrophobic: surface. The cl eaning

met hod of por s isurface according to 20 the present invention includes no
specific limtation on the surface of substrate if the substrate has the
surface of the porane stluctimge method efapgirous FRITEECS SCEPIEHISt t& e may
be the sem conductor naterials of Si, GAs, or the |like, the ceramc 25
mat eri al §, andheo poeseRUr timsentilgs diseanMedheet IKdd eI ES sur f ace
according to the present invention can also be used for renoving the dust
particl es adhdminagiatjng therigus faqerp HRGTSEEN S IRESORCEY ST TAHE subst rat e
surface having the structure wherein a, |ayer '

of s%m COI’]%UCC'[ %;antdhiin film of
anor phous Si , Wigdl y&1s StidiFeSionig KaVep An 89 R 2T S 5P et al
the range of from 200 kHz to 8.4 MHz, preferably in the

range of from 600 kHz to 2 MHz, more preferably in the

10 range of from 800 kHz to 1.6 MHz, as superimposed on
pure water, and using the pure water from which the
dissolved gas is deaerated, thereby preventing
contamination of substrate due to the dust particles in
the pure water, caused by generation of bubble and

15 adhesion thereof to the substrate during the ultrasonic
cleaning, and thereby realizing short-time and stable
cleaning of the porous silicon surface having the
hydrophobic surface.

The cleaning method of porous surface according to

20 the present invention includes no specific limitation
on the surface of substrate if the substrate has the
surface of the porous structure. For example,
materials of substrate may be the semiconductor
materials of Si, GaAs, or the like, the ceramic

25 materials, and so on. Further, the cleaning method of
porous surface according to the present invention can

also be used for removing the dust particles adhering



thin filmis deposited by chem cal vapor deposition or 5 the |like over the
internal wall surfaces of pores of Si porous substrate, as shown in Fig.
2. On the other hand, the following is th%@grior art related to l=he
present invention. For achieving recent ~ I~ and ‘ or
deep-mcron, it is 10 demanded to suppress format ghﬁgﬁ§§%§§2§W§§$g film
and Morita eat al. reported that dissolved oxygendanthe- ¥ water used
for cleaning was a very inportant factor for formation of native oxide
filmin pure water and that renoval of dissolyed qxygen to the limt was
15 the nini muh%dRd SR TS GOBress 1§ the ft\c{)%rrasﬁ“)ls:on of nah[él ve oxi de

f11m (Utra Cean Tehnolaaynolar e £ R ARedhoubods)  Presently

known net hods eaerati'ng diss xygen down to the dissol ved oxygen
concentration p%lg&b[ 20 054 esimAd) tie il arikelase tieidie di Hdtal
concentration re io&t include filmdeaeration as a physical deaeration

met hod and a ng{RPd Qfn CMRidid P by GHalivall Widdoa degittitigrmeihod as a
chemi cal deaeration nethod. Specifically, the filmdeaeration 25 nmethod is
popul ar | 5 usedHd T8GEMvae e teaatsa ivall idud faceentemipatess dthesipur e
wat er and because it can renove the dissolved gases other than oxygen. -
43 TH S SHEEDJdHtAG BERNs ireceACEHS Hidweswrerin tfhese 2-echnol ogi es are not those
associated with renoval of dust particles on the substrate, and it is thus
needl ess to nenti ordrt Hehte tdidyer hand, the following is the prior art

related to the present invention. For achieving recent
VLSI and ULSI of sub-micron or deep-micron, it is
10 demanded to suppress formation of native oxide film,
and Morita et al. reported that dissolved oxygen in the
pure water used for cleaning was a very important
factor for formation of native oxide film in pure water
and that removal of dissolved oxygen to the limit was
15 the minimum condition for suppressing the formation of
native oxide film (Ultra Clean Technology, Vol. 1, No.
1, pp. 22-28, 1989).
Presently known methods for deaerating dissolved
oxygen down to the dissolved oxygen concentration 5 ppb
20 or less in the water, close to the limit concentration
region, include film deaeration as a physical
deaeratiorn method and a method of combination of
catalyst with a reducing method as a chemical
deaeration method. Specifically, the film deaeration
25 method is popularly used in recent years, because it
little contaminates the pure water and because it can

remove the dissolved gases other than oxygen.



suggest not hi ng about cl eaning of porous substrate. 5 The cl eani ng net hod
of porous surface according to the present invention will be described
further. In the ultrasonic cleaning bubbles are generated during

cl eani ng. Sources to generate bubbl es are 4he gas —captured-—inthe-i nside
after drying of porous silicon 10 and dischargedelaﬁﬂsqp{ggq:qq“pgggm1 pure
wat er out of the holes during the ultrasonic-cldani nggegnghchhe di $sol ved
gas such as oxygen and nitrogen dissolved in the SIS Al 1Sed 1 or

cl eaning, which turn to bubbl es because _of the cavitatjon by ultrasonic.

15 The bubbl es adhdiP¥RYe t HRESRr FRrNUFOHRF PHobiet Wit rate i npede
propagation of ultrasonic wave so as, t ower_the. i fect of dust
particle, and ?%FO%JCEIF?‘# oft R He " PF b tg %u\é%r%et‘}l]glnélg urgtgtlg%rti cle to

the substrate ;hherebye nggér&?} 10 {heckanstali 2l contpunath ot et ¢

surface due to t cles and degradation of the cleaning effect.
As described preyiows! Youf ey babblesc Blieinditht Gotdies poiwstsrstd i con
surface can be renoved by intermttently I1fting the substrate out of the
pure 25 water duri nghé heiahhiRgoféehsd eshi pgroloveveface facoerd ig t te
causes of generation of bubble is the dissolved gas in the pure water used
for cleaning, thergrabéhs:benveddiodHiSl1 ' ' bdERAGHbexdit fuatthgra |Imt of the
cl eaning effect even with such technique. As described previously, alnost
90 % of dust the ultrasonic cleaning bubbles are generated during

cleaning. $Sources to generate bubbles are the gas
captured in the inside after drying of porous silicon

10 and discharged as replaced by the pure water out of the
holes during the ultrasonic cleaning, and the dissolved
gas such as oxygen and nitrogen dissolved in the pure
water used for cleaning, which turn to bubbles because
of the cavitation by ultrasonic.

15 The bubbles adhering to the surface of hydrophobic
substrate impede propagation of ultrasonic wave so as
to lower the removing effect of dust particle, and in
addition, they promote adsorption of dust particle to
the substrate, thereby becoming the cause of

20 contamination of the surface due to the dust particles
and degradation of the cleaning effect.

As described previously, the bubbles adhering to
the porous silicon surface can be removed by
intermittently lifting the substrate out of the pure

25 water during the ultrasonic cleaning. However, if one
of the causes of generation of bubble is the dissolved

gas in the pure water used for cleaning, there will be



particles are renoved by the high-frequency ultrasonic 5 cleaning with
pure water of the surface of porous silicon substrate made hydrophilic by
oxi dation, and thus, the degree of inpedance agai nst_cleaning due to
deaeration of bubbles captured in the insi4de-of porbugjs structure can be

il

considered to be mnute as conpared 10 with the proplem q?#ig y |
generation of bubbles from the pure water. In the ease-o ' tlnrous’
structure having the hydrophobic. surface, an amount of bubbl es deaerated
fromthe inside of paorous structure and fixed to e, 15 surfa i S

consi dered t o BEWAE gmd M ithQt dhCamdaRt o8k ebftjf%ﬁtes?v\?gné"rlgct%etfufcrhom t he
pure water. In addition, since the bubbles thenselves are not easy to
deaerate in t FECHEES the porous internal walls being hydrophobic, they

are unlikely to be,an £l.enen idiRade the e n9.orAGkRRdi ngly, when
one of the causes ﬁ%odg%%ﬁ’grlg)t%? E)urtl‘)aglllesu I S’%t he o(I)i ssol vedogas in the pure

vater used for, cleanig o id JhdRY byPIeCHiKE- e ddtferidie dlinadpiier from

whi ch the di £561Ve gas: in the puré water i's deaerated, as in the 25
present ignventdiun ity Jitit heirLRRaRG /g tie chearideg oreidelusof substrate.
This is effective not only in the case of cleaning - 45 - | TH' S SHEET HAS
BEEN REPLACER jwitdbrt heimsitisiveatideeiny@iioprerisied Hyn axtid guirosm ,watrer  bat h
and with the ultrasonic wave bei ng superinposed in the water, but also in
the case of clwam nghe tdedree afl timgecldncevags ipsitn ¢ lo@rdmanpesedon a pure
wat er

deaeration of bubbles captured in the inside of porous
structure can be considered to be minute as compared

10 with the problem caused by generation of bubbles from
the pure water.

In the case of the porous structure having the
hydrophobic surface, an amount of bubbles deaerated
from the inside of porous structure and fixed to the

15 surface is considered to be far smaller than an amount
of bubbles generated from the pure water.

In addition, since the bubbles themselves are not
easy to deasrate in the case of the porous internal
walls being hydrophobic, they are unlikely to be an

20 element to impede the cleaning. Accordingly, when one
of the causes to generate bubbles is the dissolved gas
in the pure water used for cleaning, it is most
effective to use the pure water from which the
dissolved gas in the pure water is deaerated, as in the

25 present invention, for further enhancing the cleaning
effect of substrate.

This is effective not only in the case of cleaning



5 shower and with the pure water shower being bl own against the substrate.
When the air of 25C and 1 atmis in contact with water, the cra=g

di ssolved in water is considered to be such that the-cencentrati-onm of
di ssol ved oxygen in 10 water is 8.26 ppm &% t he td'Hb?eﬁﬁEth Hén Bii‘EF'JgLssol ved
nitrogen is 13.9 ppm In general, the pure water used iRERLAEED sem cjonduct or
fields is supplied under nitrogen purge of a-purewatrer battTm=a
polishing systemin order to 15 maintain the purity of the pure water.. It
is thus considered that nitrogen is dissolved  alnpst in a saturated state
iP the pure wa\tléih( e SubsRAE RHPS HWSRSSh i s‘itﬂ RY6h ordent rat i on

o] nitrogen gas (purity: 99.999 % under 25C and .l atm_ 20 into {he pure
wat er beconesq?é\}'éh apf §ifdmthe, A5 BHC MR iSRRG, &ra 4 (F;n

depends upon the tenperature of water t he t I ni trogen
that can be di%l%tgeprde??‘%asaelssowJtrhq;qen%r%%aes?ﬁfngtqe%?rapq{eirr{ tt}Jrlgﬂlo?Cf Mater. 25

Wien this pure vater r{.pips)c heat e%eaﬁngﬁceg%rﬁéﬁqnp&@gp%}; ratd e Qfawdi;ssol vabl e

gi ]'E][ogen beconEs 6. 7 ppm cessl trogen corresponding to the
|fTerence of ¢ T TS BREN o RREPLACRR c anciery ritdwan of 11.1 ppm
results |C5ﬁ genser}oéfelrng dsu"?gﬁgs. Gt?ner atiaon of bubbl e dg{gto heati ng can be

prevent ed by raedga\ﬂg*g dhe dissgtaed gas in the pure

When the air of 25°C and 1 atm is in contact with
water, the gas dissolved in water is considered to be
such that the concentration of dissolved oxygen in

10 water is 8.26 ppm and the concentration of dissolved
nitrogen is 13.9 ppm.

In general, the pure water used in the
semiconductor fields is supplied under nitrogen purge
of a pure water bath in a polishing system in order to

15 maintain the purity of the pure water.

It is thus considered that nitrogen is dissolved
almost in a saturated state in the pure water. For
example, the saturation dissolution concentration of
nitrogen gas (purity: 99.999 %) under 25°C and 1 atm

20 into the pure water becomes even 17.8 ppm. 1In
addition, the dissolution concentration depends upon
the temperature of water, and the concentration of
nitrogen that can be dissolved decreases with
increasing temperature of water.

25 When this pure water is heated at 80°C, the
concentration of dissolvable nitrogen becomes 6.7 ppm.

Excessive nitrogen corresponding to the difference of



5 water down to below the saturation concentration using a filmdeaeration
appar atus, but bubbles can be generated even in concentrations below this
saturation concentration when the high-frequency ultrasonic wave is
superinposed. It is thus nore desirabl e<t4® enove 10 the dissalved gas to
the optinmum concentration region. Fortunately, byTggngegrTi HAS tBEENHe out | et
of pure water producing apparatus a film deaeratjon apppl Ats iniwhich a
hydrophobic filmis disposed at a portion correspanding-fo--the-interface

and in which the 15 primary-si ure water .i.s deaer decreasing the
partial press@®ER I%?%%%éﬁ%gﬁy sPEE BySHadterio %§é¥%§gﬁﬁure with a
vacuum punp, §H%§5¥ using the system it is possible even now to obtain
the pure wate '%ﬁj the concentration of dissolved oxygen in the [imt

20 concent ati on 1 el ) 4f; i R Rbrh@SBuePlrdl ey e e Of GOC of

| ess. Use of the pure water fromwhich the dissolved gas in pure water is
renoved in thig M SIPRLSEDVIRG RN IUSAVe Jasblile thee purd he

high-frequencf) ultrasoni c wave ‘even with heating of pure water and
suppresses the fixi el RHbRes: tad he ditdraphokiocncesithsiviaire wiigace. -
47 | TH'S SHEET HAS BEEN REPLACED Prevention of generation of bubble
enabl es furthey sinenacereftidistagpaitdttiss ibut hatddres dagaieng tinme as
before without performng the lifting operation of hydrophobic porous
silicon substrgﬁﬁgranuﬂtdﬁeneﬁﬁ(gnncentrations below this saturation

concentration when the high-frequency ultrasonic wave
is superimposed. It is thus more desirable to remove
10 the dissolved gas to the optimum concentration region.

Fortunately, by connecting to the outlet of pure
water producing apparatus a film deaeration apparatus
in which a hydrophobic film is disposed at a portion
corresponding to the interface and in which the

15 primary-side pure water is deaerated by decreasing the
partial pressure on the secondary side by reduction of
pressure with a vacuum pump, and by using the system,
it is possible even now to obtain the pure water having
the concentration of dissolved oxygen in the limit

20 concentration region of 5 ppb or less for the pure
water of 60°C or less.

Use of the pure water from which the dissolved gas
in pure water is removed in this way suppresses the
generation of bubble due to the high-frequency

25 ultrasonic wave even with heating of pure water and
suppresses the fixing of bubbles to the hydrophobic

substrate surface.



5 is not degraded by heating of pure water during cleaning. As described
above, the present invention enabled only the high-frequency ultrasonic
wave and the pure water from which the dissolved gas was renoved, to 10

renove the dust particles on the surface #7 hi gh short
time with avoiding collapse of porous silicon. Th &HSCSEEW&[?h%éEB‘ sent
enbodi nent is also effective to substrates other than q if they are

15 substrates to be cleaned, having the fine and fragile porous structure
simlarly, and can dermnstrate eff t fect of
the present invent &Yeéftel%t ﬁtl%qerc? §si |§3§Bq&%gja§q%esﬁt hfgtcl n

Enbodi ment 3, Lo o ous Sdd GO SRS, ihe WML ihd ey UOPhi | C

em a
process and t HéR 10 rasoni'c cleaning. The ultrasonic eani ng of porous

silicon surfa Ay Ao e e friatyencbpdiad f df om 200 kHz
to 8.4 Mz, pgbgeffgﬁ:fgl yltlin tﬁéﬂeZS ranged]of frolm 68.‘(%?kHz to 2 MHz. More

preferably, gHbHiT gﬁfxfd&d Ot el hdda-dtiegh-driceairens e £ fddy asoni ¢
wave in the fr quency band as called - 48 TH S SHEET HAS REPLACED BE. E N

nmegasoni o5 cl ean Nt angjndd By GGty tof buidvhatert ke avoi di ng t he
ri sk of collapse of porous structure.
cleaning.

As described above, the present invention enabled
only the high-frequency ultrasonic wave and the pure
water from which the dissolved gas was removed, to

10 remove the dust particles on the surface at high
efficiency and in a short time with avoiding collapse
of porous silicon.

The action of the present embodiment is also
effective to substrates other than silicon if they are

15 substrates to be cleaned, having the fine and fragile
porous structure similarly, and can demonstrate the
same effect. The action and effect of the present
invention are not limited to silicon.

(Embodiment 3)

20 In Embodiment 3, the porous silicon surface is
subjected to the hydrophilic process and then to
ultrasonic cleaning. The ultrasonic cleaning of porous
silicon surface is carried out in the high frequency
band of from 200 kHz to 8.4 MHz, preferably in the

25 range of from 600 kHz to 2 MHz. More preferably,
cleaning is carried out using the high-frequency

ultrasonic wave in the frequency band as called



However, observed in the above-stated cleaning 5 nethod by the present
inventors is the phenonenon that bubbles are also generated fromthe pure
water in the case of application of high-frequency ultrasonic wave and
that the bubbl es adhere, particularly, to4he hydﬂqghp@pggﬁmp@tgggp
surface. 10 The bubbl es i npede propagati on of ult,asoniﬁEmg%g SO af to
degrade the cleaning effect and draw fi ne dust paLLL£44§;44¥£hu+4a¥ e wat er
to Lhehgaz-liquid interface so as to contam nate the substrate surface

with the dust particles. Adhesion _of .bub Styr at 5 surface
i? Li;;:e obsg@@@ﬁ%ﬂ}%|ﬁ§%§ﬂ&P§pﬁﬁWq%n§u%Ig%b?%qhﬁﬁfzgg éd%%g?%% and fi xing
o] u e occyrs on the .hydro bi rf 1t deS Rl easy to
perfectly pr ebé'dﬁevsoll?éngf Qg%str(ipsz{rtalfg%%sllta SJ'teheotfhh;;%r ophobi cy surface
due to the bubhles, hy the flowing water and 20 ultrasonic wave in the

cl eaning bath® MEYIT be described in further detail. Fig. 11 shows

adhering states of jhyhhlas il JRMEdG rs et adfve HisltdmIdliedrangon the

hydr ophobi ¢ substrate, where the high-frequency wave i s superinposed on
the pure gnat emetnd byt had iggWsentefieneimorsungs ahed breesingmaireshatquart z

hi gh-frequency cl eaning bath, 32 a high-frequency vibrating plate, 33 pure
wat er not subjrmiactd el allddS geiderh tadS BERN tHeERIWEEPateq9 indddwr at i on of

di ssol ved gas, 34 bubbles, 35 dust particles, 36 a porous silicon
substrat e havigepea of application of high-frequency ultrasonic wave

and that the bubbles adhere, particularly, to the
hydrophobic substrate surface.

10 The bubbles impede propagation of ultrasonic wave
so as to degrade the cleaning effect and draw fine dust
particles in the pure water to the gas-liquid interface
so as to contaminate the substrate surface with the
dust particles. Adhesion of bubbles to the substrate

15 surface is little observed on the hydrophilic surface,
whereas adhesion and fixing of bubble occurs on the
hydrophobic surface. It is thus not easy to perfectly
prevent adhesion of dust particles to the hydrophobic
surface due to the bubbles, by the flowing water and

20 ultrasonic wave in the cleaning bath.

This will be described in further detail. Fig. 11
shows adhering states of bubbles and moving states of
dust particles on the hydrophobic substrate, where the
high-frequency wave is superimposed on the pure water.

25 In the figure reference numeral 31 designates a quartz
high-frequency cleaning bath, 32 a high-frequency

vibrating plate, 33 pure water not subjected to



hydr ophobi ¢ surface, and 38 a hi gh-frequency progressive wave. 5 The

| ow-frequency ultrasonic cleaning normally experiences generation of
bubbl es due to the cavitation in the pure water, whereas the

hi gh-frequency__cLea.ai-ng——+mv§ves reduced ¥avi tati on, but experiences
deaeration Efrm@i SBEHTVEHSQ%.%N ue to high-frequency vibration in the 10 pure
wat er, therepy genggpafCEl bubbl es. The source of these bubbles is the

di ssol ved gas—steh—as—oxygen and nitrogen dissolved in the pure water. The
gas-liquid interface .of b e has. hi r n than 40 4.8 |1 quid and
thus col | ect s ¥R Oﬁglﬁsr?gv @sg‘lﬂ%’ar tﬁcﬁ);@ﬁlrég‘ta’hg%ure water. In

addi tion, the hydrophobi ubst rat rif. i @%{ﬁ# i ; of energy
Wi th respect t%"yﬁ 4y, %af’fm t%oeraQouﬁso%llielslac%?les% us tl%ker{éfl’?{)drgadhere
thereto. Sinc . n 9y T, iHIQ-Rpieen the bubbl e and

t he 20 substr&%@%@e&‘gﬁ%ﬁi %dcuﬁ étjgﬁrdgr]rlove the bubbles fromthe
substrate. Forpradsivaiidwethe bubbles are as small as about 1 mmin

di aneter, they cannot even nove on the substrate surface only by buoyancy
of thenseg] ves. 25 When ldwe- fragiudrnagueanmasdrtircasdeanivgy exdnadgit ied to

t he substrate surface, the surface receives kinetic energy in the
direction of tdxpericgessigenawatsiorhaf buthlerH diesHEETCheAS BHERN tIREPL ACED
the energy is insufficient to nove the bubbles, so that the bubbles are
fixed to the substheitpurg faier, whereas the high-frequency cleaning

involves reduced cavitation, but experiences deaeration
of dissolved gas due to high-frequency vibration in the

10 pure water, thereby generating bubbles. The source of
these bubbles is the dissolved gas such as oxygen and
nitrogen dissolved in the pure water.

The gas-liquid interface of bubble has higher

energy than in the liquid and thus collects to capture

15 fine dust particles in the pure water. In addition,
the hydrophobic substrate surface is stable in terms of
energy with respect to the gas, and the bubbles are
thus likely to adhere thereto. Since the pure water
cannot intrude into between the bubble and the

20 substrate surface, it is difficult to remove the
bubbles from the substrate. For example, while the
bubbles are as small as about 1 mm in diameter, they
cannot even move on the substrate surface only by
buoyancy of themselves.

25 When the high-frequency ultrasonic wave is applied
to the substrate surface, the surface receives kinetic

energy in the direction of the progressive wave, but



Adhesi on of the bubbles to the substrate surface pronotes collection of
fine dust particles in the pure 5 water, and further adhesi on of bubbles
thereto causes the bubbles to nove on the substrate sur cy of
t hensel ves, which makes the col | ected dasPO parti cl egTaﬁheHI‘eETt HAS HEEEN
substrate surface along the noving path thereof, thgreby mmipherd nati n!g t he
10 substrate. In addition, the bubbles adhering to thke-subst+ate—surface

i npede propagation of high-frequency wave to the substrate surface per se,

thereby degrading the cl.eani £ NGl Mre GEREAIHHR LT ulhlgs in
the 15 hi gh-f%@&u&?@fgé'l é%nilﬁg%ﬁlgﬁ%éftr ate a\ﬁ ng the hydrophobi (:a surface

will result i[}h%e%%%ﬂ&té}% GLeANIWD 18l etlbs therrusRithdi gh- f requency
cl eani ng of ust particle on the substrate surface advances at the sane

time as the contamapifd< Qo Whs bbby tee tihestsudb thartd che¥dde the pure
wat er due to the adhesion of bubbles. Wen cleaning takes place with the

ul trasoni ¢ Waygon4eey idiIasetivh die fiuee duatte pagitivwdres generat ippreand
adhesi on of bubble is also observed. If the pressure 25 of shower is

i ncreased for w=Ag@i rhd ity esihdsti onmicghtbubdniss ddidrgise agfusasagi | e
porous surface. The present inventor conducted the researches to - 51 TH' S
SHEET HAS BEENheRERIDAGER Itd mmvey ent Hdec [sads 41 tef famtan®l Mound t he net hod
of Enbodinent 1 for softly renoving the bubbles by regularly lifting the
substrat e Outlnwoxangngﬁatngmﬁelves, which makes the collected dust

particles adhere to the substrate surface along the
moving path thereof, thereby contaminating the
10 substrate.

In addition, the bubbles adhering to the substrate
surface impede propagation of high-frequency wave to
the substrate surface per se, thereby degrading the
cleaning effect. Namely, generation of bubbles in the

15 high-frequency cleaning of substrate having the
hydrophobic surface will result in degrading the
cleaning effect, because the high-frequency cleaning of
dust particle on the substrate surface advances at the
same time as the contamination of substrate by the dust

20 particles in the pure water due to the adhesion of
bubbles.

When cleaning takes place with the ultrasonic wave
superimposed on the pure water shower, generation and
adhesion of bubble is also observed. If the pressure

25 of shower is increased for removing the bubbles, it
might cause collapse of fragile porous surface.

The present inventor conducted the researches to



bat h during cleaning and the nethod of Enbodinment 2 for 5 prelimnarily
deaerating the-di-ssol-ved gas fromthe pure water used for cleaning so as

to prevent the generation of bubble per se, the eed
for the Iifting operation of substrate eublof theijH& SHiat e N 110 Now
described is the ultrasonic cleaning of Enbodinent 3 fGWPLAﬂpoorou

silicon surface processed by the hydrophilic-process—Fig." I3 shows an
exanpl e of flowchart of the fabrication process up to epitaxial growh on

porous 15 silicon and_ the_cleanin t hod. g 2 § awhn §PM stands for
H2SO4/ H202 i imgprevepither Gl epiiag pCtpap i 10 ™EESS Gfi on, APM

for NHA0H H202/ H20Q nlxture and /D far i ani,ng of bulk
silicon subst FIPEWELH e 25°§n§8| ionmpggc eg%%nggwpgﬁgc%gnlcals as

pefore. but 1 Re aRENLINGS IngThes s?lfbsttQ'%tQO'b(&'{so%trt‘kﬁ%tFBbQ‘ea%%te%Xposed in
the substrate ™SS f rom af e ornatlon of porous sificon

anodi zati on { ge2hl (sl QHAing erRPRREfleckiondah erbbaselea! 2 o

chem cals 25 norm eani ng of bulk silicon substrate, such

as SPM APM % e'jl.Pl}Al“g%/lI?zg’e/a'é%%tw Whe) diGadNed Rasusedmitibes the
apertures of ' es of porous silicon - 52 TH' S SHEET HAS BEEN) REPLACED

are exposed i purke witdracedOtior Bileamrithgp e asatter presentte theed i n t hat
period. As described previously, many dust particles
generation of bubble per se, thereby obviating the need
for the lifting operation of substrate out of the pure
water bath.

10 Now described is the ultrasonic cleaning of
Embodiment 3 for the porous silicon surface processed
by the hydrophilic process.

Fig. 13 shows an example of flowchart of the
fabrication process up to epitaxial growth on porous

15 silicon and the cleaning method. In the drawing, SPM
stands for H,SO,/H,0, mixture, DIW for pure water, DHF
for dilute HF solution, APM for NH,OH/H,0,/H,0 mixture,
and S/D for spin drying.

Cleaning of bulk silicon substrate before

20 anodization is cleaning with chemicals, as before, but
the apertures of holes of the porous structure are
exposed in the substrate surface from after formation
of porous silicon by anodization to epitaxial growth.

As apparent from the flowchart, the chemicals

25 normally used for cleaning of bulk silicon substrate,

such as SPM, APM, or HPM (HC1l/H,0,/H,0 mixture), cannot

be used while the apertures of holes of porous silicon



adhere to the surface in the formng process of porous 5 silicon by
anodi zation. In the case wherein a single-crystal silicon film is
epitaxially grown on a surface of porous silicon substrate, an_oxide film

is formed over the internal wall surfaces?f- poLw@ St EEICEH NS %Eépyi form ng

a native 10 oxide filmor by a |lowtenperature o idatlﬁ@,!jé of |Fig. 16)
in order to decrease the structural change of - th&_po.r-gus—-s@-u-ewpe in the
heati ng process at high tenperatures. Further, the epitaxial growmh is

carried out after at |least the oxide filmover ous 15 surface (of
silicon subst PH%)e¥ROSE] &t i the VY eisfed qrﬁﬁ%&ﬁ%teéon;d BeFor €3 Ne growt h.
In this case, the oxide .film,s |eft. the internal wall surfaces of
hol es of por &fP K 158 " pheaiii fplecrta]1c1 Y, the oxide filmon the porous

silicon surface is yenpved Qy i d [ IRHF.I iQited i B, the
Substrate is drawn ptFpr%"J crolfty%%w{;éalﬁf be 3&211{%’3 %aillszglggleuti on deeply
intrudes into es,. HQE%& St U ' rrfit (i BdhstdatRdous i nsed
wi th pure wat ear&.hr%oér]%e%(?{hp e, before the epi traxi a I[{}%grovm Iaygg)r isS 25

formed oyt he PorQusn By iGpuidatidhthermal CVD process at the tenperature
of about 1000C, an oxide filmis formed by |owtenperature oxidation of
the internal - 53 -1HKe SHEE RS BREN RERIACKR wettdls soifl jwrestidfm por ous
silicon at 400C and for one hour. However, adhesion of new dust particles
nunbering 100ioremsitadsi absergeokomr e surfase ah pdrowst st igan

substrate, an oxide film is formed over the internal
wall surfaces of porous structure (by forming a native
10 oxide film or by a low-temperature oxidation step of
Fig. 16) in order to decrease the structural change of
the porous structure in the heating process at high
temperatures. Further, the epitaxial growth is carried
out after at least the oxide film over the porous
15 surface (of silicon substrate) is selectively removed
immediately before the growth. 1In this case, the oxide
film is left on the internal wall surfaces of holes of
porous structure. Specifically, the oxide film on the
porous silicon surface is removed by immersion in DHF
20 for a short time, the substrate is drawn up out of the
DHF bath before the DHF solution deeply intrudes into
the holes of porous structure, and the substrate is
rinsed with pure water.
For example, before the epitaxially grown layer is
25 formed on the porous silicon by the thermal CVD process
at the temperature of about 1000°C, an oxide film is

formed by low-temperature oxidation of the internal



5 after the thermal oxidation step. Such dust particles are considered to
be generated by abrasion due to scrub between a quartz boat with
substrates being arranged thereon and a quartz furnace tube. Since the

oxide filmon the porous silicon surface 5ﬁ0-|ernﬂpw§QE Vi Cmg wi th
dilute HF solution inmmediately before the epitaxial '% dust
particles are liable to be considered as lifted o Pennve fromthe

surface at the sane tinme as the renoval of oxide filnl 15 I n practice,
however, the numnher of dust ticles after th t ilute HF
solution Iitt/l Li(ﬁ’s é%ﬁqrﬁ@rsefsléslcgﬁl eceezlf:d(:ijr:dtdrqarn\;,/éﬂ éhﬁdsgr}%s

because the pgrous surface becomes hydrophobic after renpval of the oxide
filmand the ‘particles 20 floating in the etching bath are adsorbed to

the substrate by fowng valfle Gl YNGR e PlIstIAles dhiedidd

substrate, thereby again ddhering to the substrate. Incidentally, 'since
anodi zati on usgs, td1e i gl cﬁ%éw&ﬁf&{ atHO I Rl Gt dhg e esidan, the
porous silicon surface becones hydrophobic, as shown in Fig. 13, after

t he anodizzati Etas @id efhdheay mEltidn step. THUESKESR if@BREC1REPLACED

oxide filmwth DHF after the | owtenperature oxidation. As described
previously, ifadshires dseederenst egenechatiany by gibdfassdqprerdye diceamdmu wit h
ure water, the

P between a quartz boat with substrates being arranged

thereon and a quartz furnace tube.
Since the oxide film on the porous silicon surface

10 is removed by etching with dilute HF solution
immediately before the epitaxial growth, these dust
particles are liable to be considered as lifted off to
be removed from the surface at the same time as the
removal of oxide film.

15 In practice, however, the number of dust particles
after the etching with dilute HF solution little
changes or even increases on the contrary. This is
because the porous surface becomes hydrophobic after
removal of the oxide film and the dust particles

20 floating in the etching bath are adsorbed to the
substrate by flowing water charging of the substrate
upon lift of substrate, thereby again adhering to the
substrate.

Incidentally, since anodization uses the high-

25 concentration HF electrolyte solution, the porous

silicon surface becomes hydrophobic, as shown in Fig.

13, after the anodization, as after the removal of



5 bubbles will adhere to the surface of the hydrophobic substrate so as to
i npede the cleaning action and to be a cause to collect the dust particles
in the pure water onto the substrate surface, thus contam nating the

surface. Fig. 12 shows the result of inspé&%ion 10 a state of
adhesi on of dust particles to the substrate surradﬁﬂ&ﬂﬁﬁﬁmq%ﬁﬁ cgw h a
dust particle inspection systemafter the hydrop obic,R?p[ sf'?;on
substrate was subjected to the high-frequency cleaﬁ+ﬂg—+nlgﬁﬁe~_MQter

wi thout performng the lift of substrate and the 15 degeration process of
pure water. |P¥Ede fbln vt Y q'%?égﬁﬁngﬂ%}%Wgﬁfa Yet

iTection of bubble.
The hi gh- fregfenﬁ%fprogressive wave is also applied so as to travel in
the sanme diredt#S$tHE “Ahesi on contanination of dust particle is recognized

al ong the rise path of. 20 bubbles adherd t.q t t For

this reason, it is ed5sd ]t%oe pé’rxfeg}rj%q{énlgg rlggtﬁm;@rbﬁ]%tgﬁgr%%n 0

substrate duri i | gh- e J W t hout
mlﬁorgﬂ%g-fééwycl%ﬁmqmlwww R WAl

deaeration i s used, periorm'the high-Trequency 25 cleaning with pure
wat er fraogn whiglbghes disSsoladtbgasto ithd htuffdc Wt ethd hydpasgtadteit This is

the reason why the high-frequency cleaning is carried out with the 55 _
TH S SK- E- 1 HARBHEN: t RER) AGED ¢l eiagpeatee de i reel et ierg (aattisdrepsndSibo 3% S3)
in Fig. 13. 1In cleaning of substrate, however, the nmethod for regularly
lifting the subdawte tutcallddre the elust gartalesiuin Mghe lmarg mpvemul d
force very cunbersone works, 5 for exanple, where cleaning relies on |abor
of worker. onto the substrate surface, thus contaminating the
surface. Fig. 12 shows the result of inspection where
10 a state of adhesion of dust particles to the substrate
surface was checked with a dust particle inspection
system after the hydrophobic, porous silicon substrate
was subjected to the high-frequency cleaning in pure
water without performing the lift of substrate and the
15 deaeration process of pure water. In Fig. 12 the arrow
represents the rise direction of bubble. The high-
frequency progressive wave is also applied so as to
travel in the same direction. Adhesion contamination
of dust particle is recognized along the rise path of
20 bubbles adhering to the substrate surface.
For this reason, it is desired to perform the
regular lift operation of substrate during the high-
frequency cleaning when the pure water without
deaeration is used, or to perform the high-frequency
25 cleaning with pure water from which the dissolved gas

in the pure water is deaerated. This is the reason why

the high-frequency cleaning is carried out with the



Deaeration of dissolved gas in the pure water can conpensate for the gas

concentrations at the exit of deaerating apparatus, but in_the of
reserving water in a pure water high-frequency cl ?msng"-ﬁhat RAS rBEEd

di ssol ution of oxygen and nitrogen occurs 5ro‘mthe| at m gpgawithi n a
short tinme even under flow of water. Thus, sone COF essary
for the structure of cleaning bath, gas seal, and the like in order to

conpensate for the concentrations of dissolved 15 gas in the pure water in

the cleaning bath. After further researghes he.pr nt, i tqr, achieved
the present i Hﬂ?@ﬁﬁao‘?ﬁde% M y(,aqi hsgtepcﬁ esténi Ry %%hgél %F%Eo?gds surface

according to Enbogf'snrrgc{}l';%a%iog thg ngq%}?}tt | nyentd iy | S GndBidpdd,or 20

oxi di zing the poro ace opHil'ic surflace so as to

facilitate OC%&lﬂ%ipflﬂmﬁ ea naifdende dut tde tighpdrequanay
cleaning with pure wat'er and for renoving the dust particles of substrate

surface from gha hudronhidigarsind armily fdieeweryatenber spme? Sidrieguency
cl eaning. When a single-crystal silicon film is epitaxially grown on the
por ous sid i coregntirdaaepleaf tttetd eclatarhimy rednicaslomi tdbali |aff evddkesol ut i on,
- 56 TH'S SHEET HAS BLL~'4'" REPLACED i medi ately before the epitaxially
grow h, of the cl eareasuatiowe aikidiesfalvadiggmrigusths |IPUKH AT rIe@e from
whi ch such dust particles have been renoved, the single-crystal silicon
filmwth goodtanpensate afphetise fagsreepncentrations at the exit of

deaerating apparatus, but in the case of reserving

water in a pure water high-frequency cleaning bath, re-
10 dissolution of oxygen and nitrogen occurs from the

atmosphere within a short time even under flow of

water. Thus, some measure becomes necessary for the

structure of cleaning bath, gas seal, and the like in

order to compensate for the concentrations of dissolved
15 gas in the pure water in the cleaning bath.

After further researches, the present inventor
achieved the present invention. Specifically, the
cleaning method of porous surface according to
Embodiment 3 of the present invention is the method for

20 oxidizing the porous surface into a hydrophilic surface
so as to facilitate occurrence of the cleaning effect
in the high-frequency cleaning with pure water and for
removing the dust particles of substrate surface from
the hydrophilic surface by the pure-water high-

25 frequency cleaning. When a single-crystal silicon film
is epitaxially grown on the porous silicon surface

after the etching removal with dilute HF solution,



(Enmbodi nent 4) The cl eani ng nmet hod of porous surface according to

Enbodi nent 4 of the present invention is a nethod for oxidizing the porous
surface into a hydrophilic surface 10 so as to facilitate occurrence of the
cleaning effect in the high-frequency cl &himg and HRls 3 g{mg§o§ﬁﬂgi t he
hi gh-frequency ultrasonic wave on a liquid for cle¥n|hg tgg pd?ﬁuF
surface made hydrophilic, thereby renoving the dust__par LACERD the
substrate 15 surface. The cl eani ng nethod of porous surface according to

t he present enbodipment Jis.not |imted t. ifJ ri rate

i f It he E :Jbst r dt"é“‘?égar}iw skiﬁéoa%ee trb% %tigca;s)’%%glulg rrdt}g%rﬁr e& IS:tot%'f ec;l;%ﬁp-f e,
applicable 20 material s include t 1 .z i i, GAs,
and the like, st‘b‘?tgafﬁec %Jtd; i%ﬁ's",‘ %f&g%%‘-ﬁéﬂ EEBIES{%IZA% cekfarn(?%tlg net hod
of porous. surfagg, AGRH U (Pl e RICIRRe @D idibwan areo be appl i ed
for renoving the dhst particles adhering to the 25 substrate surface having
such struct ur & {ifte a4y 448 0fs1 SER88:C ONidue vairtH Rigbd idualoftyaredmphsays Si,
polycrystal Si, GaAs, or the like or a |ayer of netal thin filmis - 57
TH S SHEET HAS&REMN . REPLACED deposited by chem cal vapor deposition or the
like on the internal wall surfaces of pores of Si porous substrate, as
shown in Fig. Emdodinenttabe wherein the |ayer of the sem conductor 5 thin

filmor the netal thin filmis forned directly on
The cleaning method of porous surface according to

Embodiment 4 of the present invention is a method for
oxidizing the porous surface into a hydrophilic surface

10 so as to facilitate occurrence of the cleaning effect
in the high-frequency cleaning and for superimposing
the high-frequency ultrasonic wave on a liquid for
cleaning of the porous surface made hydrophilic,
thereby removing the dust particles on the substrate

15 surface.

The cleaning method of porous surface according to
the present embodiment is not limited to specific
materials of substrate if the substrate has the surface
of the porous structure. For example, applicable

20 materials include the semiconductor materials of Si,
GaAs, and the like, ceramic materials, and so on.
Further, the cleaning method of porous surface
according to the present invention can also be applied
for removing the dust particles adhering to the

25 substrate surface having such structure that a film of
semiconductor thin film of amorphous Si, polycrystal

Si, GaAs, or the like or a layer of metal thin film is



the internal wall surfaces of pores of the porous substrate as shown in
Fig. 2, the layer of sem conductor thin filmor nmetal thin filmmay be
formed after the substrate surface oxide filmand the 10 internal |

oxide filmfornmed by the hydrophilic pr “0Cdss ar e&lr@ﬁ\sﬁ%&%g bed

previously, porous silicon inmediately after ano
hydr ophobi ¢ surface, because the conc HF m xture solu ut 5 as an
el ectrolyte solution. Wien an oxide filmis formed on this surface this

surface becones a"[vl Cfﬁ)l Ih: 3}? Ilfcatlhe,asg rf%%gmsggmqlr el &g@{g eyen if

bubbl es are ggr?&p requen fcl'eaning w th non- deaer at ed pure

water, the buRhles idndiot, qh%ru%é%etsootfheo%@sefatsel Pédcaee, whereby the

hi gh- frequency cI'eani ng with pure water can denonstrate the cleaning

effect with highdempd ngd %trpownSgepu:fllgcalzly, when the substrate is nade
hydrophilic by |owtenperature oxidation before the 25 cleaning step S12

as shown in Fig. 14n e dddd wWIrireriat ithie dfayleublfe shen stelvel dopdihuapivird i ¢
substrate surface simlarly, the substrate surface is stable and TH' S
SHEET HAS BEENhiRERIIAGED IS Mdws meetgood-hiet thidg pgreofarmed gimgatlyatcsr and,
therefore, the substrate surface is always covered with pure water, thus
preventing thecHeubibitesrdalomaddheninfpcash@fetteres Afcditd RATPYUS he dust

particles collected by the bubbles are prevented fromtransferring to the
substrate as shown in Fig. 2, the layer of

semiconductor thin film or metal thin film may be
formed after the substrate surface oxide film and the

10 internal wall oxide film formed by the hydrophilic
process are removed.

As described previously, porous silicon
immediately after anodization has the hydrophobic
surface, because the conc HF mixture solution is used

15 as an electrolyte solution. When an oxide film is
formed on this surface, this surface becomes
hydrophilic. If the surface is hydrophilic and even if
bubbles are generated in high-frequency cleaning with
non-deaerated pure water, the bubbles will not adhere

20 to the substrate surface, whereby the high-frequency
cleaning with pure water can demonstrate the cleaning
effect with high removing rate.

Specifically, when the substrate is made
hydrophilic by low-temperature oxidation before the

25 cleaning step S,, as shown in Fig. 14, even with
generation of bubbles on the hydrophilic substrate

surface similarly, the substrate surface is stable and



substrate and do not inpede propagation of high- frequency wave, thus
denonstrating the cleaning effect sufficiently. 10 As described, the

pur e-wat er hi gh-frequency cleaning of hydrophilic substrate does not need
to performthe counterneasure of the rég Bar | ifT S E tHN§H3 N substrat e,
t he deaeration process of pure water, or the Iﬁ ' f hlg; | eani ng
action can be 15 expected by keeping the substrdte inn i Dint pur e-
wat er hi gh-frequency bath during cleaning even wmth generation of bubbles

as in the case of the deaer ; TN i n of bub
é‘%tﬁe‘%“,%p fbg%ﬁ‘%tgr; td ur® WRldeKRRW

surface of silFPESF &%i%e hilic. However, the present
Inventor di S%%\éﬁreg%ﬂeh?%hteh%db@%ﬂa%@%r@ﬂﬂc% @4 d12R S Wdvaae Ofvi 4Ior ous
silicon is also hydrophilic simlarly. As already described with Fig. 13,
this |ow tenpRral WakddXi dMiOHiFREASHY TheAbubed ealitf rath aderiimeress
before epitaxial growh on porous silicon in order to decrease the
structural chapgeaetfo.t he porous structure during the heating process at
high - 59 TH' S SHEET HAS BEEN REPLACED tenperatures, which is not one
especi al Isy i ntrodugegtorfdindgllie dheamius} gfarthe lgrse saritl dabeshtbiyortheThe

| ow-t enperature-oxidized filmis also formed by intrusion of oxide atom
into the crystmibdlas iage gireverdgss tiname ansferrigigriticartthe as in t her mal

oxidation, and if the dust particles are present on the surface it
substrate and do not impede propagation of high-

7

frequency wave, thus demonstrating the cleaning effect
sufficiently.

10 As described, the pure-water high-frequency
cleaning of hydrophilic substrate does not need to
perform the countermeasure of the regular 1lift
operation of substrate, the deaeration process of pure
water, or the like, and the high cleaning action can be

15 expected by keeping the substrate immersed in the pure-
water high-frequency bath during cleaning even with
generation of bubbles as in the case of the deaerated
pure water.

It is well known that the surface of silicon oxide

20 film is hydrophilic. However, the present inventor
discovered that the low-temperature-oxidized surface of
porous silicon is also hydrophilic similarly.

As already described with Fig. 13, this low-
temperature oxidation process is carried out as a

25 process before epitaxial growth on porous silicon in

order to decrease the structural change of the porous

structure during the heating process at high



will be also fornmed at the interface between the particles and the
substrate. The oxide filmis renoved fromthe surface by etching of oxide
filmtogether with 10 the dust particles having adhered during the

oxi dation step. However, the dust parti <% Wil e
etching bath unless the surface of oxide film bef EHHISeSHEETndABsB&EINan | t
w || cause the dust 15 particles to re-adhere-to the subREPLACED aft er!
etching. For this reason, the cleaning after the oXTgarion “step 1S

carried out p_ref er abl%‘ bef or ehlmgc ald ation of o dgg‘]e%zlgﬁhl%r A%]Irqéqyc et chi ng.

Accordi ngly, i porous silicon i's ma

oxi dation or th)e lﬂrl%e é’éq{lqu‘ I tHe presdtl G di®d.he hi gh- frequency

cl eaning with pure fer to effectlvely renove the dust particles fromthe

surface and to cr eaﬁﬁe a i AR A dd IR 1A &1 1o Xfpld 1aid Forafed he
surface oxide filmwth the dilute 25 HF solution is carried out

| mredi ately bEB‘yorl%terRlél% Af SO i tied it adtdiendthe ’pidaxi al
growh or the“like is carried out, thus providing a clean porous - 60

THI' S SHEET HAS BREEMate RERLAGD s driicen 1Strdacm tiratrnedn diei diseibrd,n t he
sem conductor processes. In addition, the dust particles on the oxide film
surface, whi chamd gt tre alwstugefigleadmsipressntdywst tie munfadesit n t he
dilute HF etching step, are already. renoved so as to secure the clean
oxi de fil m surfigide,be also formed at the interface between the
particles and the substrate. The oxide film is removed
from the surface by etching of oxide film together with
10 the dust particles having adhered during the oxidation
step.
However, the dust particles will be brought into
the etching bath unless the surface of oxide film
before etching is clean. It will cause the dust
15 particles to re-adhere to the substrate after etching.
For this reason, the cleaning after the oxidation
step is carried out preferably before exfoliation of
the oxide film by etching.
Accordingly, in Fig. 14, porous silicon is made
20 hydrophilic by oxidation or the like, thereafter it is
subjected to the high-frequency cleaning with pure
water to effectively remove the dust particles from the
surface and to create a clean oxide film surface,
exfoliation of the surface oxide film with the dilute
25 HF solution is carried out immediately before epitaxial
growth or the 1like, and then the epitaxial growth or

the like is carried out, thus providing a clean porous



whereby the dust particles are little brought into the dilute HF liquid
bath, thus relieving the problemof re-contam nation. 10 As descri bed,
di fference of the fabrication

ghObiC

t he

met hod of Fig. 14 fromFig. 13 is that the
hi gh- frequency cleaning with pure water &8rried

0 ' QA
surface after the oxide filmrenoving step of ppfgﬁg Sﬂg@g&?égﬁixdce wth

the dilute HF solution 15 between the thermal ~oxidatio

lhnd t he

epitaxial growh step is changed to the pure-water high-frequency

cleani o, earT1.84 0UL QD95 all LAATAATYLED §E Ly CenBR oty acc

change of tini@gdggs |_eani ng, the dust particles on the porous silicon

ute

etching step. 20 Wth this

surface can b& P&moveq effectively without a need for the counterneasure

agai nst adhesion o
during cl eaning or

ederation of pure water. The hydrophilic

process may be made Usifng hhai Bt Bat k0Raack 0F Welhdbeeiennalredueit

hydrogen peroxide - 61 - JTH S SHEET ' HAS BEEM REPLACED wat er descri bed

her ei naf tser,

ipastaad eef ithehchdimmite @Fi éathdmg lstephi sreasd readough

fztrﬁga%'zigigﬁuc Rpas gk LagilianesSupsihat exkigkt raper ation

i mrersi on of substrate 1is sufficient, it is nore preferable to apply the

hi gh- frequeneemoviedasonias wav eecu@meetthe Blampl exide fidms shiydreshi | i c
process include dry oxidation processes,

oxi dation i n aherghy dhec SwstaiositiGA6se aFss lditilenbEopaht, inty gihe

10

15

20

25

dilute HF liquid bath, thus relieving the problem of
re-contamination.

As described, the difference of the fabrication
method of Fig. 14 from Fig. 13 is that the high-
frequency cleaning with pure water carried out on the
hydrophobic surface after the oxide film removing step
of porous silicon surface with the dilute HF solution
between the thermal oxidation step and the epitaxial
growth step is changed to the pure-water high-frequency
cleaning carried out on porous silicon having the
hydrophilic surface between the oxidation step and the
dilute HF etching step.

With this change of timing of cleaning, the dust
particles on the porous silicon surface can be removed
effectively without a need for the countermeasure
against adhesion of bubble, such as the regular
substrate 1lift operation during cleaning or the
deaeration of pure water.

The hydrophilic process may be made using the

oxidation action with ozone water or hydrogen peroxide

such as at nospheric pressure



concentration oxidizing anbi ence, or a process by plasnma oxidation under
reduced pressure using the 10 aforenenti oned gas as a base raw material. On
the other hand, there are many dust particles adher o_t he hydrophobic
surface after anodization. Wen it is puflinto a tde‘fmals;;pgiy d9 stem
the dust particles, depending upon the types theredf, wogkgl ?g&co o]
firmy stick to the surface, and would be a cause 'ﬁfl.'api_g_u__g t he
oxi dation system In the fabrication flow shown in Fig. 14, cleaning takes
pl ace in conbination Qf. t. erati 0 f i 9&s in the
pure water w twﬁacteﬁe%ﬁ%ﬁ @%&gﬁ‘%ﬁﬁ"fﬁﬁ%aﬁ?‘%ﬁﬁ ﬁ@pﬁc?%l \/\chlt%er of

hydr ophobi ¢ suLfaeg (31 eP 1rSh; SUEer GhRRAMIN dnkicdR il ldididibdiace
deaeration process can be replaced by the ¢l eaning nethod of the present
invention as shown dé Fidht, 15+ TRe mrep peblkedfani® Micg.apbiy $MCEagH-Ng to

t he cl eaning nethod of porous surface based on the second enbodi nent of
the present ifpreRpidney uliRichilt glavier afieerety .cl Exrimpd esaloess yhleace - 62 -
TH'S SHEE ; AS BEEN REPLACED with pure water in which ozone is dissolved.
As wel | lnown hytdrephirle ovatrercesist Hngdode dirys oinidd tidre RIOFEFESSst r ong

oxi di zing action. The renoving effect of organic matter greatly depends
upon the 5 oxisdich g AdmQaAPhETisr grfscUR®t L& datierstifofy MiGAdi zi ng action
of the ozone pure water can be used as _the hydrophilic¢ process of

hydr ophobi ¢ s @ONEERtTATd FRLZoNe FF%e ANRIENGE ATe 1thE KY@Sphi | i c surface
by

concentration oxidizing ambience, or a process by
plasma oxidation under reduced pressure using the
10 aforementioned gas as a base raw material.

On the other hand, there are many dust particles
adhering to the hydrophobic surface after anodization.
When it is put into a thermal oxidation system, the
dust particles, depending upon the types thereof, would

15 come to firmly stick to the surface, and would be a
cause of contamination of the oxidation system.

In the fabrication flow shown in Fig. 14, cleaning
takes place in combination of the deaeration process of
dissolved gas in the pure water with the high-frequency

20 cleaning with pure water of hydrophobic surface (step
S;).

Such a cleaning step including the deaeration
process can be replaced by the cleaning method of the
present invention as shown in Fig. 15. The step S;; of

25 Fig. 15 is according to the cleaning method of porous
surface based on the second embodiment of the present

invention, wherein high-frequency cleaning takes place



oxi di zing the porous silicon surface after anodization. 10 If the
hydrophilic surface thus created is subjected to the high-frequency

cl eaning, the hydrophilic process and high-frequen ant ng -y e
performed in one step. In addition, even ?? The oz @Spﬁﬁ%“mgﬁ%ﬁmﬁNtrudes
15 into the pores of porous silicon like the pure water, REPLEGHD be

elimnated readily as vapor or oxygen gas by “heating a*ter t he process,
thus | eaving no negative effect on the subsequent steps. The oxide film

over the poroug; sl H6P8 SHEEACEN aRicROoRYEE 18edigserved. walls of holes
made by the ozone Wwater containing ozone in the concentration of about 10

to 13 %is renoved RY QLD RAoWA! hth¥EFpurdi wateAswitar ozede odissolved
conventionally for the purpose of renoving the native oxide filmprior to

the | owtenperaiyr8iRoh%i dotbRy Ske@izihg dtghoht eqheacyembeamgng W th the
ozone pure water denonstrates the effect on the hydrophobic porous - 63
TH S SHEET HAS:BEEMN: REPLAGEDRi si hatoer sgréatky @Gependspupbhethed || arise if
it is applied to cleaning of oxidized porous silicon already having the
hydr ophi | bc suokadézingcectingl 9f engantfecBAL YT met A8 EHROBE used for

cl eaning of porous 5 silicon both after anodization _and aft

er | ow
tenperat ure oxPHafishngFaFther, of r bhet RECNEeRBEE n¥2 5P t K™ hhar BpRT I PE

process of porggg g;g;ggﬂi?Xcmg;ogéggag%Oﬁydkgphgbgésgurface, and has

an effect to create the hydrophilic surface by
oxidizing the porous silicon surface after anodization.
10 I1f the hydrophilic surface thus created is subjected to
the high-frequency cleaning, the hydrophilic process
and high-frequency cleaning will be performed in one
step.
In addition, even if the ozone pure water intrudes
15 into the pores of porous silicon like the pure water,
it can be eliminated readily as vapor or oxygen gas by
heating after the process, thus leaving no negative
effect on the subsequent steps.
The oxide film over the porous silicon surface and
20 over the internal walls of holes made by the ozone
water containing ozone in the concentration of about 10
to 13 & is removed by etching with DHF, which was
carried out conventionally for the purpose of removing
the native oxide film prior to the low-temperature
25 oxidation step.
The high-frequency cleaning with the ozone pure

water demonstrates the effect on the hydrophobic porous



possi ble to enpl oy high-frequency cleaning with 10 hydrogen peroxide
sol ution (H202/ H20) of about 2 %or less diluted with pure water, in

addition to the ozone water. This is also _cleaning - t
hydrogen peroxide can be elininated readi®y T n t he| JHi® SHEEheAS BEEN|en i f
it intrudes into the inside of pores of porous siligon. TREEAI¥Drogen

peroxi de | eaves no negative effect on the subsequent=steps—The
}‘abrication flow of Fig. 15 may be nodified as shown in Fig. 16 wherein
owt enper at ur e, oxi dati on. 20 takes fier i ighs fy cl eanin
vvihth pur e M/at%’rl’icfPWW%%edngbule% Iﬁ%}scrgcft\?}eé. w&nlwsxglydlgeg%ijlirenqlﬁmcéf/or ned byg
the ozone pure t t 'y I 4 G Anes afiBfcana ion, and
the | owt errperal ur%gd ?%er%%%%fodnﬂﬁ%ceef;ﬁgachi e\?sfés uni fﬁinﬁz%(cil}gati on
25 proceedi ng gaeily trYd hjdvodted Bsc aud s or Aiscormizigiyal tise | n
addition, there is no need to dare to renove the oxide filmformed by the
ozone pure watElearing méthod TS EHElsedHADBEENaning HE.OUs M t he oxi de
filmexfoliation step before the |ow tenperature thernal oxidation becones
unnecessagy, tdilsicdnrbdwe alforeamaodizdeion agrd aftowein Fig. 16. It is
known that the surface of hydrophobic 5 substrate becomes hydrophilic after
APM cl eani ng, tempersPMoamwiddeiorsed for the hydrophilic process of

Further, from the viewpoint of the hydrophilic
process of porous silicon by wet oxidation, it is also
possible to employ high-frequency cleaning with

10 hydrogen peroxide solution (H,0,/H,0) of about 2 % or
less diluted with pure water, in addition to the ozone
water.

This is also cleaning with chemicals, but hydrogen
peroxide can be eliminated readily in the same manner

15 even if it intrudes into the inside of pores of porous
silicon. Thus hydrogen peroxide leaves no negative
effect on the subsequent steps.

The fabrication flow of Fig. 15 may be modified as
shown in Fig. 16 wherein low-temperature oxidation

20 takes place after the high-frequency cleaning with pure
water in which ozone is dissolved. An oxide film is
formed by the ozone pure water on the porous silicon
surface after anodization, and the low-temperature
thermal oxidation process achieves uniform oxidation

25 proceeding deeply into the holes of the porous inner
walls. In addition, there is no need to dare to remove

the oxide film formed by the ozone pure water. Thus,



hydr ophobi ¢ porous silicon as described previously. 60 t TH S SHEET HAS BEEN
REPLACED A sem conductor substrate nmade clean in a nmanner of the present

i nvention as expl ai ned above which substrateghfas a porous surface may be;
suitably used for a preparation of a senri é8nhductor ]

Fi gs. 29A through 29F are cross-sectional views tolg
exanpl e of processes of such a sem conductor -devi Ce.
silicon substrate 40, which has been made clean in The above-explained
manner, is conprised of non-porous silicon single crystal region 42 (,i.e.
Bul ky silicon rtég omideefdilm g imiltilksdrnbeitey padereotbe perous and
porous silicon single crystal layer 41. First, silicon substrate 40 was
heated at 400C f&MPEORFCULR SRFgaER! é’P‘ﬁS@ﬁﬁé’Pe?De\‘Eﬁé‘FébWBQF&éSPFD’nB EheSe
formed on inner walls f pores of porous silicon single_crystal |ayer 41
and a surface SPI68F6U§E§FFF€&ﬁgéFﬁ§Ig%gpﬁsﬁﬁlSSSVQrQEIFl reégectively. | t
is for preventing si&kcg% %%%%,E%%%‘%he”E%E%tEg”oE”h Q%OBQB%?%S the result
of the raising of tenpéfatiure’in a process of* orning an eplﬁaxial | ayer
at a later sta rt n F fipbsh : resul t
of the nigPatio%%Fﬁgga?%eigfpﬁféwgygqépggﬁggd%E%g;t?bbhgggég ggé % %porous
silicon single ghyStahnckaye! (iLargs,! kaal adatbblsnydr gthuaeLcogel d. to
renove the oxide filmon the surface of pofous silicon single crystal
layer 41, |eavi pgqatbeneride pbirbi® @n1tiken BRelewak) seaf pE@QioQ@'lgs.- Then,
non-porous silicon single crystal layer (epitaxial |layer) 43 of 0.3min

t hi ckness was nade to grow epitaxially on porous silicon single crystal

| ayer 41 by CVD




met hod, as shown in Fig.29B. Any of nol ecul ar beam epitaxial nethod, plasm
CVD net hod, reduced pressure CVD nethod, |ight CVD nethod, I|iquid-phase
grow h nmethod and sputtering nethod can be used for form ng such
non-porous silicon single crystal |ayers as layer 43. Although it is

possible to set up arbitrarily the thickness of non-porus _sili i ngl e
crystal layer 43 without limting it to th@LrA'648(l'ﬁ|F(I|\§ s%lﬁEEFNSAEEEIBEFN RE
DI . A" ED above-nentioned value, the layer is typidally hepepin a {range
of 100m t hrough 2min thickness. Next, as shown i n—F-g—29€—tte Surface of
non-porous silicon single crystal layer 43 was partially oxidized, to
formoxide filmof 200nmin thickness, as insulating |ayer 44. Although it
is al so possible to set up arbitrarily the thickness of insulating |ayer
44 without limting it to the above-nentioned value, the layer is
typically formed in a range of 50nmthrough 2min thickness. Next, as
shown in Fig.29D, another silicon substrate 45 was laid on top of
insulating |ayer 44 and then the laid faces of themwere stuck on each
other. Next, the resultant was heat treated at 1180C for 5 mnutes to

C tor x de gle; in
adhere the fac ieséﬁtéiﬁbeﬁﬁ&- sAf'“Pﬁ@-ﬁéﬁquveﬁwggggﬁssﬁb‘mﬁ S as the
first substrat §oaBllsShhiERl SHRS Hedbpi 4 33&%}5? by g%ﬁﬁ £ apre
adhered to eacRkedlRBhaLOESH HEviREULBERNEs MAYHEMS FE8st «Eﬂilgul 3 afer
structure 50 wageetposeneedalcHay wbwgoeossmdnﬁt%xi&gl shéy &n Likalidie
| ocated was f ofnpdocessém\E isuchi g. 28Micdieiictoas aekawe.i n Fi g. 29E,
non- porous silicon single
As shown in Fig.29A, silicon substrate 40, which has
been made clean in the above-explained manner, is comprised
of non-porous silicon'single crystal region 42 (,i.e. Bulky
silicon region) remaining without being made to be porous
and porous silicon single crystal layer 41. First, silicon
substrate 40 was heated at 400°C for 1 hr in oxygen
atmosphere, whereby oxide films were formed on inner walls
of pores of porous silicon single crystal layer 41 and a
surface of porous silicon single crystal layer 41,
respectively. It is for preventing silicon atoms from a
migration in the pore as the result of the raising of
temperature in a process of forming an epitaxial layer at a
later stage and so forth and the pores from filling up as
the result of the nmigration that the films were provided.

Next, the surface of porous silicon single crystal
layer 41 was treated with hydrofluoric acid, to remove the
oxide film on the surface of porous silicon single crystal
layer 41, leaving the: oxide films on the inner walls of the
pores. Then, non-porous silicon single crystal layer
(epitaxial layer) 43 of 0.3um in thickness was made to grow
epitaxially on porousisilicon single crystal layer 41 by CVD
method, as shown in Fig.29B. Any of molecular beanm
epitarial method, plasma CVD method, reduced pressure CVD
method, light CVD method, liguid-phase growth method and
sputtering method can;be used for forming such non-porous
silicon single crystal layers as layer 43. Although it is
possible to set up arbitrarily the thickness of non-porus
silicon single crystal layer 43 without limiting it to the



crystal region 42 was renoved fromthe above-nentioned nulti-I|ayer
structure 50, to expose porous silicon single crystal layer 41 in a manner
as described in the following: First, non- poﬂous S|I|con single crystal
| ayer 42 was ground by a grinder so as to | eave G gféHE

thi ckness fromthe border with porous silicon single cr i IE{/n

foll owed by renoving the remai ning non-porous--silicon sin eRerJ%
region 42 fromby neans of dry- etching. Besides such a grlndlng met hod, it
is able to emyove-aeneitned ofalssparchei Dgyaoniparypisadillyi €onmed nix ea
crystal regi onratgef p§ml @i i thegugh 2pmudhutleiShems.t he basis of porous
silicon single crystal Iayer 41 as :the border Slnce the nechanical
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and non- por ousasigel aﬁnsemgﬂ&o@yszml ineghixkkssa force of pulling apart
in a direction perpendicular to the surface of the substrate or a shear
force in a directi daxp ar%?I%ﬂ°%43#PH@lSUF?%Cea%ﬁthﬂﬁéSl§&5§ﬁrﬁﬁ%5t¥%F

S
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exenpl i fi ed "rEIBeEubH:r&@é/ AR 4384 cBR0L RSt BRI AF aGOWRE | SEELY settl ng
up in advance sabeeghtd WwéraidHerele topesosidthexhanrdggh LAsuDa®ing Vol une
of pores to alwgknnéd4pfso that multi-layer structure 50 wherein non-

porous silicon single crystal layver 43 was located was
formed as shown in Fig.29D.

Next, as shown in Fig.29E, non-porous silicon single
crystal region 42 was removed from the above-mentioned
multi-layer structure 50, to expose porous silicon single
crystal layer 41 in a manner as described in the following:
First, non-porous silicon single crystal layer 42 was ground
by a grinder so as to leave the layer 42 in a slight
thickness from the border with porous silicon single crystal
layer 41, followed by removing the remaining non-porocus
silicon single crystal region 42 from by means of dry-
etching. Besides such a grinding method, it is able to
employ a method of separating non-porous silicon single
crystal region 42 from multi-layer structure 50 on the basis
of porous silicon single crystal layer 41 as the border.
Since the mechanical strength of porous silicon crystal
layer 41 is lesser than that of non-porous silicon single
crystal region 42, non-porous silicon single crystal layer
43 and so forth, it is|possible to separate non-porous
gllicon single crystal region 42 without causing damage to
non-porous silicon single crystal layer 43, by giving
between silicon substrate 45 and non-porous silicon single
crystal region 42 a force of pulling apart in a direction
perpendicular to the surface of the substrate or a shear
force in a direction parallel to the surface of the
substrate. As an example of other methods of separating
non-porous silicon single crystal region 42 capable of being
used, methods of inserting a wedge-shaped member or blowing
water jet to porous silicon single crystal layer 41 are
exemplified. Further, it may be used another method
comprised of setting up in advance a region of which the
porosity showing a ratio of a volume of pores to a volume of
silicon is larger than:that of other regions, and then
separating non-porous silicon single crystal region 42 using
the region as a reparation face. Thus, such methods of
separating non-porous silicon single crystal region 42 as
mentioned above are capable of baring porous silicon single
crystal layer 41 in a short time, so that the senmiconductor
device can be manufactured efficiently. Further, it can be
also used a method comprised of removing from the separated



silicon is larger thanthat of other regions, and then separating

non- porous silicon single crystal region 42 using the region as a
reparation face. Thus, such nmethods of separating non-porous silicon
single crystal region 42 as nentioned aboveé are capable_of baring porous

silicon single crystal layer 41 in a short gY@, so ﬂhm]stg‘;.ggﬁqmsc El&gltor

devi ce can be manufactured efficiently. Further, it can be

nmet hod conprised of renoving fromthe separated 64C I T-HAS

f° REPLACED non-porous silicon single crystal region 42 a portlon of

porous silicon single crystal layer 41 which remains after the separation
and t hen fl at hemiprradwe siddcon single agiyaraldeaghsrs, 4 &l lppsedohyopuki ng it
porous parti abpyous idtiiclonz eLngbe-grystes diafecofil simigite tempinal afegron 42
as such silicthe sepatios %da§h%'hoﬂmﬁtﬁnltpg 219% reme»an aésosnmomn

Fi g. 29F, poroﬁ%‘”%’?drsl'c&f? F’g e %f‘? ‘1 ? edopytittsRng, to
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substrate 51, ?]bvﬁ"l%ggﬁg%as Ri ﬁh?l‘gh ro s I'Ticon single crystal |ayer 43

sol ution conteiyéte) hyees! kuowes PoidvednBy BYERDEEN REMRHIBRVSL Bicds Used

as an et chant swizstmate dpedo- (:onamesoat € lsiih gcofi~ @otiousilaitioir) OsuB s tich e

crystal | ayerSi.1 whiphe hascly eRParpusyehlirortsingie oaypoadubageticon is

1x105 ti mes g‘?%a‘f*ﬁm’tgl’i‘aﬁnﬁl%b b‘i‘gn’(ﬂi’ of‘éu Ajchemical adehingngethodt was
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| ayer 41, | eaﬁé%nﬁ“aﬁ:h& Fﬁ'@ir hich is

uni formin BThing rate by such an etchant on porous silicon is
1x10° times greater than that on non-porous silicon.
Accordingly, 1t was able to remove selectively and
controllably porous silicon single crystal layer 41, lenv1ng
flat non-porous silicon single crystal layer 43 whlch is
uniform in thickness.

Lastly, SOI substrate 51 shown in Fig.29F was heat
treated at 1100°C for 1 hr in hydrogen atmosphere, to
further flatten the surface of non-porous silicon crystal
layer 43. Mean square:roughness of the surface after this
heat treatment measured by interatomic force microscope was
about 0.2Z2nm.

Using non-porous silicon single crystal layer 43 of SOI
substrate 51 formed in such a manner as described above, it
is capable of manufacturing a semiconductor device such as
MOS-FET, DRAM, solar cell and so forth through a well-known
semiconductor process.

In the above-mentioned example, it was a silicon
substrate that was used as the second substrate. However,
also a photo-transmittable substrate such as quartz
substrate and glass substrate can be used. When such a
photo-transmittable substrate is used therein, the product
can be suitably used for photo-sensor, liquid crystal
display and so forth. !When the second substrate is
comprised of an insulating material such as quartz substrate
and glass substrate, or when using as the second substrate a
silicon substrate wherein an insulating layer such as Si0,
layer was formed on the adhered face, insulating layer 44 in
Fig.29C is not indispensable. However, if non-porous
silicon single crystnl|lnyer 43, on which a semiconductor
device is to be formed 'in a future process, should be
separated from the adhered face as far as possible to
protect it from an influence of an impurity and so forth, it
is desirable to form an insulating layer on non-porous
silicon single crystal layer 43.



Lastly, SO substrate 51 shown in Fig.29F was heat treated at 1100C for 1
hr in hydrogen atnosphere, to further flatten the surface of non-porous
silicon crystal |layer 43. Mean square! roughness of the surface after this
heat treatnment neasured by interatom c forcece mcroscope was about 0.2nm

Usi ng non-porous silicon single crystal |a3ay 43 of Ibstrate
formed in such a nmanner as descri bed abovZﬂ' is c Ci@ﬁiggﬁr u&hf N ring
a sem conductor device such as MOS-FET, DRAM sol ar kel l éﬁBLHHTXorth|

t hrough a wel | -known_ sem conductor process. In the above-nentioned

exanpl e, it wasE%2®PLfEon substrate that was used as the second substrate.
However, also a photo-transmttable substrgif such as quartz ubstrate

and gl ass substrate C3f BESBSBH. 10WeRtioRhWLll phot e erahRnit {BbFersBEt rat e
is used therein, the product can be suyitab used fo hot o- sensor, Liquid
crystal displa?eEﬁBlSBngr?ﬁ?mpgﬁﬁn t ﬁa@BL%ﬁdfsﬁ%ét%agﬁei%Xa@Bﬁ%?ig d of

an insul ating Sgﬁﬁke HCQ as quartz substrate and gl ass substrate, or
when using as the second substrate a silicon substrate wherein an
insul atings| ayerpsygh1@s,510, layer was formed on the adhered face,

insulating layer 44 in Fig.29Cis not indispensable. However, if
non-porous silicon sbaghe 6iystahi baystrdBesOlis¥hli Ch Al &&HigonNElbies or

device is to be forned in a future process, should be separated fromthe
adhered face asptapaasdpbgsibleihg apporecs silicom hayenflouemeetbichan
inmpurity and so forth, it 1is desirable to forman insulating |ayer on
non- porous silouonnsi agfie of yst-dlydeayerimd)-BinpterHsS 1SIHER IdABEENte
RCA-cleaned, by anodization, and then they were
10 subjected to pure-water rinse and spin drying. Then
the number of dust particles was measured for each
sample using a surface dust particle inspection system.
Next, the above porous silicon substrates 3 were
set in the order of anodization batches on a cleaning
15 carrier 4 in a quartz bath 2 under over flow of pure
water 1 as shown in Fig. 17. Then they were cleaned as
applying the high-frequency ultrasonic wave of the
frequency of about 1 MHz and the power of 150 W in

parallel with the substrates 3 from an oscillator 6 of

20 high-frequency ultrasonic bath 5 through the quartz



REPLACED Exanpl es The present invention will be described in further
detail with exanples. Exanples 1 and 2 are exanples of Enbodinent 1. 5
<Exanpl e 1:> Porous silicon substrates used in cleaning were prepared by

formng a porous silicon layer 10 mthick 8% one si ?}E‘%T gﬁg%%ﬁg&gm{en

5-inch-di aneter silicon substrate RCA-cleaned, by aphodiz

they were 10 subjected to pure-water rinse and spin dr_vlncﬁEF‘*FA@ED t he
nunber of dust particles was neasured for each sanple using a surface dust
particle inspection system Next, the above porous silicon substrates 3
were set in tRrater of anodization batches on a cl eani ng 15 carrier 4
in a quartz bath 2 under, over. fl o t i A 17.
Then they were cl efhgbdlelaks Slaplp Ay'} \rllgg‘ﬁ{she 1ieeg\kl?iifFr&J!eAq_{chelzr?acszayr%l}il)}tlwrzaaésorbnlidc(QEV\(?ave of
the frequency of_ ahout %\Qﬁchég}]-t HarkSe Wdrdn, p{@ldil with the
substrates 3 farsgrﬁ an os%ilﬁ at or 6lor1£beza([))p\r,:§geh-frequency ultrasonic bath 5
through the quaildtBdtes fwdid S 1¥ERG HAS BREDuRERIAAGED fuat R@. A bul k
silicon substrate 7 RCA-cl eaned was placed as a dummy for cleaning at the
carrier end, anthites &d1bstimirestimy el dargdles adlepure Wearatd @y 20 5
mnutes as elimnating the bubbles adhering thereto by Ilifting the
substrates t ogetfieingi the thebsarates wogrithenfwitie the cCarkiar AaYtfive
m nut es.

of the pure water every five minutes.
For evaluating the removing effect of dust
particle, the substrates were subjected to spin drying
10 after cleaning and then measurement of dust particles
was carried out. The same cleaning was again conducted
for 20 minutes more and then measurement of dust
particles was conducted.
The measurement of dust particles was evaluated in
15 the mode to measure dust particles of sizes not less
than 0.3 um, attained from the laser reflection
intensity distribution in the 5-inch substrate surface.

Fig. 18 shows changes in the number of dust

particles with this series of cleanings. In this
20 figure values of % indicate removal rates. Fig. 18

does not include data of the dummy 7 at the carrier
end.
As shown in Fig. 18, it is seen that the dust
particles extremely increase after anodization
25 (indicated by B in the drawing) as compared with the
number of dust particles on the substrate surface after

RCA cleaning (indicated by A in the drawing) (which is



For evaluating the renoving effect of dust particle, the substrates were
subjected to spin drying 10 after cleaning and then neasurenent of dust
particles was carried out. The sane cleqn%%giwas agai n conducted for 20
m nutes nore and then neasurenent of dust ~partidl V@£ O %E@g. The
measur enent of dust particles was evaluated in 35 Ee d i%: $ure dust
particles of sizes not less than 0.3 m attaine fronﬁgﬁgﬁﬁ ser_reflection
intensity distribution in the 5-inch substrate surface. Fig. 18 shows
changes in the. nu nard. cl j ol jiesuofy ¢l eatjangs. I n
this 20 fi gu?célevar%baﬁ'{eesq;o tc%z)s‘%sndﬁggﬁlgc'r ?Srmd\lléasltd}rlal{ag .p%%r\}g. 18 yd)ges not
include data ofy ddie fiWE®s oh a3f the, Qar ! iid 19dn Aheshmmn graghi @f 18, it is
seen that the dust particles extrenely increase after anodization 25

(indi cated by Bd.n tdesiantg msugromarsd fiidatitdre ofumizes off dustt
particles on the substrate surface after RCA cleaning (indicated by Ain
the drawi ng) (perticlies -b&fed il I HBHEETHASBERN RBANRCED 9 e data as
in Fig. 2 described previously). The classification of L1, L2, and L3 in
the bar @ aph #fe drist fgértimliest end dhgy deyid gRRatRT ofn sthRes of dust
particles based on laser reflection intensities from5 the dust particles,
and they becomerdgreat®rLin hhe amwt ded Gf-a4, IR <ddl 1FJl-e., L1 < L2 <

L3). Since the dummy substrate was placed at the
Since the dummy substrate was placed at the

carrier end, the data of anodization 1 batch was not
dependent on contamination from the carrier, but on the
10 order of batch of anodization.

Porous silicon conventionally used was the one
cleaned only by pure water rinse and thus having the
surface contaminated with dust particles.

When it was cleaned for 20 minutes by the high-

15 frequency ultrasonic cleaning in the pure water
according to the present invention (C in the drawing),
13 $ to 51 % of dust particles were removed from the
surface. Further, the adhering bubbles were eliminated
similarly by lifting the substrates together with the

20 carrier 4 every five minutes. The 20-minute cleaning
(D in the drawing) removed 63 % to 84 % of dust
particles as compared with the data after the pure
water rinse (B in the drawing) following anodization.
The data of dust particle inspection system after

25 cleaning showed no roughness change due to collapse of
porous silicon substrate.

Exclusion of the removal of bubbles resulted in



carrier end, the data of anodization 1 batch was not dependent on
conéanination fromthe carrier, but on the 10 order of batch of

anodi zati on. Porous silicon conventionally used ma'—fgﬁsﬁ'Efi‘ onl

by pure water rinse and thus having the~ >éﬂf‘ace CEF‘H g"t"eﬁl‘ﬁ i ﬁd st Y
particles. Wen it was cleaned for 20 minutes by the hi ghEPLAGER r equency
ultrasonic cleaning in the pure water accordirng tO tHe present invention
(C }n t he draﬁﬁng),h 13 %to 51 % of dust particles were renoved fromthe
surface. Further, the adheri | 1 AT LAl arly b
lifting the s&éterlé‘f’&g ttogeetFfrjnrgar'{DO\L/}vlt%t}LOert§ he T'g %adre{nidg'r?éﬁ%eav%rl;glfﬁ'eym %ut es.
The 20-mi nut e Cleanl it (P Idk Hife dAWNM dEIMSG A3 Joddndibdonf dust
particles as é%npare With the data after the pure water rinse (B in the
drawi ng) fol | quidgs ahodizal i-as e Walverfe disd Qasdtrd e idispestian
system after 25 cleaning showed no roughness change due to collapse of
porous silicon, sihd raife EEdasic @oieideamdual tiofrhmibhblesas@sid ted in -
67 - TH'S SHE L_ HAS BEEN REPLACED observing the phenonenon that fine dust
particless pagstdpadating Dirddeidrnl i zeheaddaagilieel y adhered to the
substrate so as to traverse the substrate along the bubble rise direction
(coi nci dent w ¢Exangelell 2 asonic 5 propagating direction in the exanple).
<Exanpl e 2> Next described is an exanple of the high-frequenc ul trasonic
cl eaning after the NexiE tdesrerihed do@rfFyple of the high-frequency

ultrasonic cleaning after the low-temperature oxidation

and the removal of surface oxide layer, which are

10 preliminary treatments indispensable to epitaxial
growth on the porous silicon surface.

The porous silicon substrates cleaned by the high-
frequency ultrasonic cleaning with pure water after
anodization in Example 1 (D in the drawing) were

15 subjected to the low-temperature oxidation in an oxygen
ambience at 400°C and for one hour (E in the drawing)
and measurement of dust particles was carried out.

Then new dust particles adhered thereto as shown in
Fig. 18.

20 The new dust particles adhered in the oxidation
furnace and during the operation of the step and, in
the case of porous silicon subjected to only the
conventional pure water rinse, they were added to the
number of dust particles immediately after anodization.

25 Then the substrates were set on the carrier in the
same method as described above and were immersed in

diluted hydrofluoric acid. Then the pure-water over-



and the renoval of surface oxide |ayer, which are 10 prelimnary treatnents
i ndi spensable to epitaxial growth on the porous silicon surface. The
porous silicon substrates cl eaned by the high- frequency ultrasonic

cleaning with pure water after anodizati &% im Exa €D awi ng)
were 15 subjected to the | owtenperature oxidation iﬁﬁ“%r@"t&%ﬂl%}%‘m ence
at 400C and for one hour (E in the drawing) and asur efBREAGEP dust |
particles was carried out. Then new dust particles ‘adhered thereto as shown
in Fig. 18. The .new dus i gl %QB | 4% 5 Jd dati.ong fdiyhace
and during th(zéfolcg’p‘)”e(r?‘altq ontdrg%(}‘{%}l}stuglﬁgan : ?{n%qt aguég%e of porous si Iﬂiqcon

subjected to a V. i I t rd dtoth
) ytk{%‘%l%%;%&f&gnpl{ 6 gVatier) I $Bsanifley Wiy adgled to the

nunber of dust™ par es | y after anodi zation. 25 Then the

substrates werg ffledhd N8 GRifdEind iid @R MPUh s desarifthqbove

and were inmersed in Iluted hydrotluoric acid. Then the pure-water over -
68 TH S Si 1EL }dAS BREEN 5 (REPLAGR Hd oW iirg e eqliaficyr W teaannifiva eani ng
was carried out in the cleaning system(Fig. 17) of Exanple 1 for 20

m nutes as el imimatdy & him atheerdragringbl eAshysHawrt ity Fide Subsi4 & es
together with the carrier 4 every five 5 mnutes (F in the drawing). As
shown in Fig. t%8,864 ®f tdusd) pefiches vere ixgnavedras rRRAERY cehpar ed
with the data imediately after oxidation and the nunber of dust
particles was th date imeediestely @ity YHdpfion and the number of

dust particles was not more than 65 in either one of

the porous silicon substrates.

10 This is considered to be the synergistic effect
with the removing action to lift off dust particles
from the surface in the oxide film exfoliation step.
However, only the conventional, diluted hydrofluoric
acid and pure water rinse results in detecting

15 approximately several hundred of dust particles,
because the dust particles once lifted off re-adhere to
the substrate because of the flowing-water charging of
hydrophobic substrate. Therefore, the above effect can
be considered as a result that the high-frequency

20 ultrasonic cleaning effectively achieved removal of
dust particles and prevention of re-adhesion thereof.

In addition, no anomaly was detected on the porous
silicon surface after cleaning, as in Example 1.
Now described is the removing effect of adhering

25 bubbles in the high-frequency cleaning in pure water
carried out in Example 1 and Example 2.

Adsorption by bubbles is outstanding with fine



t he porous silicon substrates. 10 This is considered to be the synergistic
effect with the renoving action to lift off dust particles fromthe

surface in the oxide filmexfoliation step. Howevet.—only the
conventional, diluted hydrofluoric acid & pure S SHEE\Eé‘-AISeg‘iﬁN(E in
detecting 15 approxi mately several hundred of dust jpartigfes,;.“Dbecause the

dust particles once lifted off re-adhere to the substrate bécause of the
fl ow ng-wat er chargi ng of hydrophobic substrate. Therefore, the above

offect can, be CORSLIE o088 Ad Bl AP I dlhgenigren2d i Lrason

i'eved renoval of dust rticles and prevention of

re-adhesi on thereolo, 40 AR Lhioer g1 a0y slet o648 124, t hen por ous

e- de WS i !
silicon surfacé cleaning, as 1 n Exanple 1. Now described is the

removing ef f ect; of L0g: PR eshdubddie, NaRefseauensy shssresg in
pure water caﬁ??eu out§+n Exanpl e I and Exanplgbz. Adsor ption by bubbl es

I's out standi nge Wbk hdiéé'@lVecﬁig%aJH.xS SHEE T, HAS BEEN st vedréveh ebn and t he
col l ectively adhering state hereof to the substrate surface is

out st andifg. |the theght fraguaney chaadi ang), ddmeiieed preereieisbn.- of Wirembl es
fromdissolved gas in pure water is observed even in 5 the_high-frequency
band as descritiee prevususiyicathesubstieatorbusiyrthenndsieds ragblest urt her
dried, bubbles are supposed to be generated because the gas (ajr) in the
pores thereof are seppaged W the pierermted ?%F?%ﬁedF%%h%?geﬁabﬁi t he

ores. In order to clarify what
P the pores tgereof are replaced with pure water to be

discharged out of the pores. In order to clarify what

10 is the origin of the bubbles adhering to the substrate
surface, evaluation thereof was conducted by the dust
particles not less than 0.2 um on a hydrophobic bulk
substrate surface without any porous structure formed
therein.

15 Fig. 19 is a drawing to show the result of
measurement of the number of dust particles conducted
in such a way that bulk substrates were preliminarily
cleaned by RCA cleaning to minimize the number of dust
particles on the surface, they were immersed in diluted

20 hydrofluoric acid, thereafter they were rinsed with
pure water for 5 minutes, they were dried by spin
drying, and then the number of dust particles was
measured. It is apparent that the number of dust
particles on the substrate at the carrier end is larger

25 than those on the substrates at the other positions.
This is considered to be due to inductive charging of

the closest wafer induced by carrier charge, as well



10 is the origin of the bubbles adhering to the substrate surface,
eval uation thereof was conducted by the dust particles not |less than 0.2

pmon a hydrophobic bulk substrate surface w thout Tlmlg)(sﬁg r e
formed therein. 15 Fig. 19 is a drawi ng t‘® show the B8 HAS Bl@EtNJL

resul f asur ement
of the nunmber of dust particles conducted in such a ReRtA Ege e
substrates were prelimnarily cleaned by RCA-cleaning to mnimze the
nunber of dust particles on the surface, they were imersed in diluted 20
hydrofluoric acid, thereafter the re rj L fh o pur g, water for 5
m nut es, theyal%%‘?"g‘drﬁi‘ﬂ“q%?/r%pjf%&y%a\r,?lﬂ?%,él%dg#elnat%e number of dust
particles was _nmeasured. 1t _is el Ref e Pf sty Particl es
on the substra%&4"Y He® Ié?s_r?r_letr a%g%g ﬁgr?%%éeréé%_ﬁan those on the
substrates at Lhg,oliefy ROsid iMoo dlie 48 RNSIdipr@shdwbsr due Lo
i nducti ve chargi n%; of {he closest wafer induced by carrier charge, as well
- 70 - ° TH S SiEEtHAS BEEN d RFRACED dovare Nivesd andeéaqedl ng sl ot
positions in the draw ng represent slot nunbers of the wafer carrier
frequently usethbereiDs osf the thitclend£ohductfrom i hdust29 afrdém etls, and
slots are forned at equal 5 intervals of the pitch of 5 mMmmfrom1 to 25
fromthe carrcarreed.efdg. 20 is a drawing to show nunbers of dust
particles where the high-frequency cl eaning of the frequenc MHz and the

1
power 150 Wwas carFi@d 20itis ne 18T awn@ueR eShew AvhRES %r%‘zl%t er rinse

step. As shown .
P particles where the high-frequency cleaning of the

frequency 1 MHz and the power 150 W was carried out in
10 the above five-minute pure-water rinse step. As shown
in Fig. 20, the high-frequency cleaning decreases the
number of dust particles on the substrate, but,
depending upon the slot position of wafer carrier, some
substrates show an extreme increase of fine dust
15 particles (Ll1) on the contrary.

The increased dust particles aggregated densely in
parallel to the bubble rise direction and the
ultrasonic propagating direction from the slot position
in the carrier and from the position distribution in

20 the substrate.

This proves that simple ultrasonic cleaning in
pure water results in contaminating the substrate with
dust particles against the purpose.

Fig. 21 is a drawing to show numbers of dust

25 particles where only the dust particle measuring
surface of the substrate at the carrier end was

reversely set with respect to the carrier side, the



in Fig. 20, the high-frequency cleaning decreases the nunber of dust
particles on the substrate, but, depending upon the slot position of wafer

carrier, some substrates show an extrene_increase ?H@' & uaggig——1
regatfed

partlcles (L1) on the contrary. The i ncredded dust artl

densely in parallel to the bubble rise direction and th soni @
propagating direction fromthe slot position -in the carrier and fromthe
position distribution in 20 the substrate. This proves that sinple

ultrasonic cleaning in ur.e er results in c Ssubstrate
Wi m dus]E 8at°t‘ﬁh@|re§"aaf§a‘tp % posE. VE§. n%f‘“l%?lga%lfg\% 1Flargpl%to show
nunbers o ust par |cI d Ig AB@surin
surface of thé& g‘l%’s?tlr atfteba ih\eghgé%r %glrn)éutc = lﬂﬁ’t f%ir\;gtrdstgln% set V\nthgrespect
to the carrier, %'r%eclotrh%f 14k tidg Uﬂlessﬁld%ﬁal'dé«% Ridigh t NPl iarheshenaf er s in
the carrier were nornal ly set, and renoval of bubbles was conducted by
repeating the-Qpalat iR &t |ﬁt~fet INg H-fe-egtulesicvatpes-e ogatdrebatit levielry
carrier out of the high-frequency pure water bath every 5 five mnutes and
agai n i mer si /g vehemnutes tdigl pigesan vVatersifingr t2@mriimitce £heAimureugh t he
effect by the cleaning tine did exist, the renoval of bubbles decreased

t he nunber of wathest, gt 120 esimattesach position in the carrier to the 10

| evel equivalent to those with the pure-water rinse after RCA cl eaning
(Fig. 19), when corpgarerighi tttheFigffect by the cleaning time did

exist, the removal of bubbles decreased the number of
dust particles at each position in the carrier to the
10 level equivalent to those with the pure-water rinse
after RCA cleaning (Fig. 19), when compared with Fig.
20, and suppressed the aggregation of dust particles in
the substrate.
It became clear from the above results that the
15 cause of contamination of substrate by dust particles
was generation of bubbles and adhesion thereof to the
hydrophobic substrate surface due to the high-frequency
ultrasonic wave from pure water.
From this, though the substrates were lifted up
20 out of the pure water every five minutes in the above
examples, the cleaning effect can be enhanced further
by repeating the lift operation of substrate every
short time within the same cleaning period so as to
further decrease the number of adhering bubbles in the
25 cleaning period of time in pure water.
The dust particles on the reversed substrate at

the carrier end also decreased similarly, and it will



20, and suppressed the aggregation of dust particles in the substrate. It
becane clear fromthe above results that the 15 cause of contam nation of
substrate by dust particles was generati of bubhl t t her eof
to the hydrophobic substrate surface due t© the k‘inﬂsf%ﬁﬁéﬂﬁy&wxrasoni c
wave frompure water. Fromthis, though the substriates wepleAJEDfted up 20
out of the pure water every five mnutes in the abeve—exanptes, the

cl eaning effect can be enhanced further by repeating the |ift operation of

substrate ever hort_ti wi t.hin e S i i sgas to
&é%‘%hr%ﬁﬁﬁén%h t%ﬁﬁmﬁﬁ%ﬁ)%ubI%%QdeH%¥K¥Héxkf§h

further decre er o s 1n the 25 cleaning period

of time in pur The diShg Y tded &% %hd e Hangrsed sibsddate at  the
carrier end algrog%je%%se Sl mgf arly, and it Wlt% - 72 TH S SHEET HAS BEEN

REPLACED be clgrif igsk whsidese tddstiggdue to only the high- frequency
cl eaning or due to the synergistic effect wth the reverse setting. Bulk

substrates each at sl caitd€ratssl ewste &t ncheratdyrie emVeremd y set and
were subjected to the RCA cleaning with the highest cleaning perfornmance,
and therst he mowreY]pfaciisteparde Xy esetnaind egsre ewb JBRtein tawathe ount ed on
each substrate. Fig. 22 shows the nunbers of dust particles after 10

cl eaning in teCAoehednstatel dndtie thideshonkeanang memkeEnaricelusind

particles after cleaning which was conducted with the bul k substrate being
set in the then the number of dust particles not less than 0.2 um

was counted on each substrate.
Fig. 22 shows the numbers of dust particles after

10 cleaning in the normal state and Fig. 23 shows the

numbers of dust particles after cleaning which was

conducted with the bulk substrate being set in the

reverse state in the slot at the carrier end where the

influence of inductive charging was greater from the
15 carrier.

In the normal state the number of particles on the
substrate at the carrier end is prominent as in the
case of immersion in diluted hydrofluoric acid, but in
the case of the reverse setting, the number is so small

20 as to show little difference when compared with those
of the other substrates.

From this, it is understood that the effect of
prevention of adhesion by the setting method is also
included in the decrease of number of dust particles

25 after the high-frequency cleaning of reversely set
substrate in Fig. 21.

As described, for carrying out the high-frequency



reverse state in the slot at the carrier end where the influence of

i nductive charging was greater fromthe 15 carrier. In the normal state
the nunber of particles on the substrate at the carrier—end—s—pron nent
as in the case of immersion in diluted hydtofl u THIS Siefitd, HAUBEEN l the case
of the reverse setting, the nunber is so small as tAEpghoMd littlie

di fference when conpared with those of the otheF—%ubsﬁ“at-es-—Pr'omthis, it
is understood that the effect of prevention of adhesion by the setting

net hod is al so |ncluded i d crease f u I £S 25
after the hi giE¥58Yh r]'éanl ntgcehof y&’eve%sé]ny@s%g{sge lc)!st roéfgg}fdﬁlclgleg 21.

As described, ,for Y ts W dHRAIWENGhe SAibstdatiHs SIHET HAS
BEEN REPLACE[S) gﬁ%ﬁlg&$%ﬁ e%)at crﬂjtype bat h, C(;an3| derata: on should be

given to the %f‘édt; 5 whuhPftHdg SeRSiTiUe G ddiesicaf ldembuwniand the
prevention of adhesion of bubble. The above exanpl es were described as

speci fic 5 exanpl espjisidubddehaigles e ldaunipeappes adpessithid it is
noted that the cleaning effect of the present invention is not limted by

the configuratd;mpies appoi@ttife & tdH-aYpe dlemcionylidpmasatu) dditg t he
frequency 10 and hi gh-frequency power, the cleaning period of tinme, the
t enperat ure ofit iiglinhted cthat etl}ejsilmle)earﬁﬂﬁaeqbrof Ve fBaeRpeithe cl eani ng
effect of the present invention, and the present inventionis limted only
by the invention is not limited by the configuration of
apparatus.
Similarly, the conditions including the frequency
10 and high-frequency power, the cleaning period of time,
the temperature of liquid, etc. are just an example for
verifying the cleaning effect of the present invention,
and the present invention is limited only by the
frequency band (from 600 kHz to 2 MHz), but the other
15 conditions can be set arbitrarily.
Specifically, the examples of the present
invention described examples where the high-frequency
wave was superimposed on pure water, but, from the fact
that the removing effect of organic matter and dust
20 particles is well known where a small amount of
surfactant, ozone, or the like is added to the pure
water, methods in combination of these with the high-
frequency cleaning of porous silicon surface specific
to the present invention can be readily achieved from
25 the present invention.
Further, the above examples showed the examples of

silicon semiconductor as a substrate material having



frequency band (from 600 kHz to 2 MHz), but the other 15 conditions can be
set arbitrarily. Specifically, the exanples of the present invention

descri bed exanpl es where the hi gh-frequenc7y wav on pure
water, but, fromthe fact that the renmovitfy eff cTtHIS)fSHEE?jaH'AScBEr@tler and
dust 20 particles is well known where a small anobunt oRepPsaBEDact ant, ozone,
or the like is added to the pure water, nethods imTconmbination of these

wi th the high- frequency cl eaning of porous silicon surface specific to

the present i \fh%”'&doo&%&a Hadaad | buachieved dogaperdb irhecHy eamive
er, the a

i nvention. Fur ove exanpl es showed the exanples of silicon

sem conduct or A5G SHETH Alrfa tTRIHY 168§t idH the/ predentHliSiv@iEEbHAS BEEN
REPLACED t he porous 'structure, but it is apparent in the above description

that the objegty of1ddie tHeeHRIBstirmentianng tHe firean ddresesubStagitle havi ng
the fine, dense, fragile, porous structure in its cleaned surface. Thus,
the 5 cl eani ngd@idwEeiudtiargriasets ichentedswaadse affilised the any
substrates having the simlar porous structure, and the invention is not
limted by thelsahsingtnethmt erf athe dBespite Bweatipm AL Rl edr e
exanmpl es of Enbodinent 2. A filmdeaeration apparatus 11 in Exanple 3 is
used as conneot exhyisiegtoFtes firelntht e st }A i RRF Pt v%‘é‘?'PcY‘ge'

conventional pure water producing apparatus 12 and . the .ultrasonic cleaning
appar atus 13. and Wel%r&:lon is rPcPt llmlteg by the substre?te

material.

<Example 3>

10 Examples 3 and 4 are examples of Embodiment 2. A
film deaeration apparatus 11 in Example 3 is used as
connected midway of a pure water supply pipe between
the conventional pure water producing apparatus 12 and
the ultrasonic cleaning apparatus 13. The pure water

15 produced by the film deaeration apparatus 11 is
desirably released from the bottom part of the
ultrasonic cleaning apparatus 13 in order to avoid
take-in of air.

This permits the pure water of the concentration

20 of dissolved gas being 5 ppm or less to be supplied to
the ultrasonic cleaning apparatus 13.

Porous silicon substrates each having a
hydrophobic surface obtained by removing the surface
native oxide film were set on the cleaning carrier in a

25 quartz bath under over flow of flowing water, using
deaerated pure water, and the ultrasonic cleaning (the

frequency 950 kHz) was conducted as applying the high-



15 produced by the filmdeaeration apparatus 11 is desirably rel eased from

the bottompart of the wultrasonic cleaning apparatus 13 in order to avoid

take-in of air. This permts the pure water of the concentration 20 of

d:sso!ved gas being 5 ppmor less to be supplied to the ultrasonic

cl eani ng apparatus 13. Porous silicon substrateg €ag¢ [ ._:hydr ophobi ¢

surface obtained by renoving the surface natrva.@ﬁg 'nfrkngQgﬁéiget gn t he

cleaning carrier in a 25 quartz bath under over ter,

usi ng eaerated pure water, and. th t i ! nc

050 ) ‘ves ¢ Slyogas Rt I i S SR S S S
PLACED frequency ul trasoni V. f i

substrate f rorﬁe?%es‘%L)&%S(:FFTE orre(!)\? ﬁ"fg %%%ﬂ?%%ﬁeﬁyﬁﬂﬁﬁiﬁfi%%é?

through the quaf iz, b3l ]l AW ERSCIBRNR | Ak fQiaLl; BdtK Gurdiig Cf eaning was

carried out 5 only by rmersion wthout performng the |ift operation of

substrate. Fi g;nddrSLhenBdi C20 | i Shews. t hene et Bédroisdi ywadbetaweeied heupor ous

silicon substrate and the high-frequency progressive wave. The renoving

ef fect ofsdustomay tivg! Bsmetdbsn ngi tivow b epgof ausing | fheonl 10t stberabiencan be

enhanced by placing the cleaned surface of porous silicon substrate in

paral l el with of heubstwate di rBtgi 027 cschematigml ¥¥ e3R@fRytPR ogressi ve wave

as shown. Wth the deaerated pure water, generation of
relationship between the porous silicon substrate and

the high-frequency progressive wave. The removing
effect of dust particles adhering to the porous silicon
10 substrate can be enhanced by placing the cleaned
surface of porous silicon substrate in parallel with
the travel direction of the high-frequency progressive
wave as shown.
With the deaerated pure water, generation of
15 bubble due to application of high-frequency ultrasonic
wave was not observed at all and fixing of bubble to
the substrate surface was not observed, either.
Fig. 25 shows comparison of dust particle removal
rates of porous surface among the case of the
20 conventional high-frequency cleaning (case B) where
cleaning was continued for 20 minutes under the same
ultrasonic conditions by using non-deaerated pure water
and performing the substrate lift operation every five
minutes, the conventional case (case C) where the same
25 cleaning was further continued for 20 minutes more (for
40 minutes in total), and the case (case A) where

cleaning was conducted under the above cleaning



15 bubbl e due to application of high-frequency ultrasonic wave was not

observed at all and fixing of bubble to the substrate surface was not

observed, either. Fig. 25 shows conparison of dust particle renpval rates

of porous surface anong the case of the ‘2(76co‘nv[amllso e LAO-grERguency
r €s "un

cl eaning (case B) where cleaning was conti nued der the
sanme ultrasonic conditions by using non-deaerated d
perform ng the substrate |lift operation every five mnutes, the

conventional case (case C ere the . l eand N9 Was, fiuddierigenti nued
for 20 m nut esc‘?ﬂﬂ"ét’(?rbsr c}f4gq‘rﬁ r?urteess?nlscﬁm%c;'t?eg]l\)a,oqgndﬁtghe ase (casle A) where

cl eani ng was condyct #Ep A6, Agve cleaning - 76 TH S SHEET HAS BEEN
REPLACED condit' odjnesaeg‘%L e%[’)ur esent 1 nvention for only imersion in

deaerated pure wat ef TheJRDVAtd 32 the e iyt hi fifeduernuency

cl eaning of the present 1nvention (case D) reaches 90 5 which is nore
excel I ent than. g, AQ Maulie @dradg (fRedtidi) (dady Dhedddted ramuency
cl eaning with non- deaerated pure water (where N2 is in the saturation
concentrad i on)s ( Gasecll)is domnpa-eld il Trearc| gani 4y refrfutst afearhiengr esent
invention is by no neans limted to the i mersion cleaning of substrate
in the pure wat@o tmt80 |5 kembdwe Egnpire@ierrs: eheaping With fi¥rase

wherein spin cleaning as shown in Fig. 26 is carried out with blowi ng a
shower deaerated pure water (where N, is in the saturation

concentration) (case C).
<Example 4>
10 The cleaning effect of the present invention is by
no means limited to the immersion cleaning of substrate
in the pure water bath like above Example 3.
For example, in the case wherein spin cleaning as
shown in Fig. 26 is carried out with blowing a shower
15 of pure water on which the high-frequency ultrasonic
wave is superimposed, against the surface of rotating
substrate as proposed previously, use of deaerated pure
water as shown in Fig. 25 can prevent the generation of
bubble and can avoid the problem of impedance against
20 propagation of ultrasonic wave due to the bubbles.
<Example 5>
Examples 5 to 8 are examples of Embodiment 3. The
cleaning flow of Example 5 up to the epitaxial growth
of porous silicon substrate is the same as the cleaning
25 flow shown in Fig. 13. However, the cleaning steps S,,
S, are omitted in this example. When a demand exists

for a further decrease in the number of adhering dust



15 of pure water on which the high-frequency ultrasonic wave is
superinposed, against the surface of rotating substrate as proposed

previously, use of deaerated pure water_as; shown i ent
t he generation of bubble and can avoid the probl erl-uch-ﬂSiSrftEéHdiﬁﬁeB fhilnst 20
propagation of ultrasonic wave due to the bubbles. |} <ExampPACED Ex les 5

to 8 are exanpl es of Enbodi ment 3. The cleanirng flowof—Exanptre 5 lUp to
the epitaxial growh of porous silicon substrate is the sane as the

cleaning 25 flow shovds | neHd G1dahindpveseys ,hescl eamibg seepormad S3 are
omtted in this exanple. Wen a demand exists for a further decrease in
the nunber of adheridweshisty - off coutts® SHEET HAS BEEN REPLACED parti cl es,
the cleaning steps S2. S3 can be perforned wth necessity, of course.
Since the surface isirdvyelraphahicfacareis diywnoptfakeic imet ate lon, afitlesi on
of bubbles to the substrate is 5 avoided by carrying out the regular |ift
operation of =subhdizationuradhesien mhhublkrenty HreaFiRPIRth Pure water
or the deaeration process of pure water. (ln thi s]njgg t he deaeration

anpl e
process o puravaided hmscarmyir@ePWutthe HPHEhi *f/var@p%%%ﬁ’t&’i‘e to
process one dummy substrate at, the end of polytetrafluo
(Tefl on) carri%‘fbﬁﬁaﬁe%ﬁﬂbgawmygxf%cﬁfe%c o%geas?ﬁrlgigv?]{%%%tﬁ%t es
together and vas, continyed £oo20c; G LS. 408 Sk Gl ] oneref the

frequency of 95dtST

this example, the deaeration process of pure water was
carried out.)

10 Cleaning was conducted to process one dummy
substrate at the end of polytetrafluoroethylene
(Teflon) carrier for cleaning and twenfy four porous
silicon substrates together and was continued for 20
minutes under the conditions of the frequency of 950

15 kHz, the high-frequency power 150 W, the ordinary
temperature, and over flow of flowing water with the
substrates being kept immersed.

The pure water was one deaerated before the
concentration of dissolved gas became 5 ppb or less

20 (step S,). This cleaning removed almost 90 % of dust
particles which have adhered in the anodization step.

The porous silicon surface thus cleaned is
hydrophobic, but a native oxide film is formed thereon
during the period of storage. Accordingly, immediately

25 before the low-temperature oxidation process, the high-
frequency cleaning with pure water and the exfoliation

of the native oxide film with DHF were conducted again,



15 kHz, the high-frequency power 150 W the ordinary tenperature, and over
flow of flowng water wwth the substrates being kept imersed. The pure
wat er was one deaerated before the concentd ati gn—ef—dissetved-gas becane 5
ppb or less 20 (step S1). This cleaning rermvea Tl SrEED 1A BECidust
particles which have adhered in the anodi zati on st ep. RERIAEEPor ous|si |l i con
surface thus cleaned is hydrophobic, but a nativeoxtde fitmis forned
thereon during the period of storage. Accordingly, imediately 25 before
the | owtenpergidrge ed Al Bkidocesisn wdie fomgied fireqimnoxydergniatg with
pure water and the exfoliation of the native oxide filmwth DHF were
conduct ed agai¢he -Vdv tdmpetiturdiAST Bld0 ° RERICHdmnshea Hdwer.mal oxide film
was formed in dry oxygen, at the |ow tenperature of 400C, and for one
hour. The surface aftersiheadovefenpertst Ure-oherialarure ot igmr ophil i c,
but approximately 100 dust 5 particles newWy adhere to the substrate
surface duri ngoecdrexiyiirdrin kiep. butharamEina 4l hi i f94fuency cl eani ng
with pure water was carried out _after the oxidation to renove.the dust

particlesson tPrrtigiegdewhd adheredte eI Fa R FHT R IEEY and the
10 substrates were stored in a dedi,ﬁ?t ed. box. Singe: the Pé)r&’%%c%i l'i con
0

surface after BX% c¥1HRT193 5% oph TRy c%!ﬁﬂer asUT e revent the
bubbles from adher| ng. Lo, Lhe, spsiiale ST agsida dpegpasarshand the
oxidation to remove the dust particles on the surface
and to create a clean oxide film surface, and the
10 substrates were stored in a dedicated box.
Since the porous silicon surface after oxidation
is hydrophilic, the countermeasure to prevent the
bubbles from adhering to the substrate surface is
unnecessary and the substrates can be cleaned as
15 immersed in the high-frequency cleaning bath with non-
deaerated pure water.
The substrates were cleaned for 20 minutes under
the cleaning conditions of the frequency of 950 kHz,
the high-frequency power 150 W, the ordinary
20 temperature, and immersion in the flowing water over-
flow bath, using the non-deaerated pure water and
keeping the substrates immersed.
This cleaning removed 90 % of dust particles which
have adhered in the oxidation step. Storage after
25 oxidation and cleaning, even if long, raises no problem

at all in applications of porous silicon, because it is

covered by the oxide film.



15 imersed in the high-frequency cleaning bath with non- deaerated pure
wat er. The substrates were cleaned for 20 m nutes under the cleaning

condi tions Fequengsenof 950 kHz, _theg high-frequency power 150 W

t he ordinariﬁggrggﬁgggegug%?and innersionP?n the flow ng water over- flow
bat h, using'the nBk g rated pure water and kezping t he substrates

i mersed. This cleaning renoved 90 % of dust particles which have adhered
in the oxidation step. Storage after 25 oxidation and cl eaning, even if

| ong, raises no proflem _a I L. pLJ i of,: PRI ik jg0R; 1hecause
it is covered by tﬁ%eog?ﬁéugi%ﬁ%gﬁéﬁsggééé%gﬁég %EE% ?H§95¥L%%Pfhggb I Q
The porous sil{gop,gubsthakesrilt hokhenexhd@bér| 8hathavung been stored, of
t he nunber that coufd be processed by the epitaxial growh system were
subj ected to gxhebkabiioByr eABVabithxoalygrbetbxsgetéml weva shejécpedous
silicon surface with DHF i mmedi ately before introduced into the epitaxial
growt h system tandxtbenatepht axmalzayr ofit bnhgstbenduidedfiim ehi shejne the
epitaxial growmh nade a filmwith the surface of porous silicon as the
origin, afd 1Opbhenef eidicbhesuxideef withoDBF imeefip&ph¥l PRAPFS of holes
of porous silicon were left in the etching step with DHF. Tw types of
pure water usednitmotiheedbéntohithh- epitguéndyIePushi AYSHPMh BOfethigPer

deaerated and non- 15 deaerated, were used dependi ng upon the surface state
epitaxial growth was conducted.

At this time the epitaxial growth made a film with
the surface of porous silicon as the origin, and
10 therefore, the oxide film over the internal walls of
holes of porous silicon were left in the etching step
with DHF.
Two types of pure water used in the above high-
frequency cleaning with pure water, deaerated and non-
15 deaerated, were used depending upon the surface state
of substrate, but the deaerated pure water may be used
for both the hydrophobic surface (after anodization)
and the hydrophilic surface (after low-temperature
oxidation) or the lift operation of substrate (without
20 deaeration) may be carried out.
<Example 6>
Next described is another cleaning method of
porous silicon substrate before the epitaxial growth.
Fig. 15 shows the cleaning flow of the present
25 example. The high-frequency cleaning with deaerated
pure water was carried out to clean the hydrophobic

porous silicon surface after anodization in above



of substrate, but the deaerated pure water nmay be used for both the

hydr ophobi ¢ surface (after anodi zation) and the hydrophilic surface (after
| ow-t enperature oxidation) or the lift OR ration of_s.u.b.sr_r_a.t_e_(_w'_t_ﬁout 20
deaeration) may be carried out. <Exanple 6> Next EEHISFSIHEEG’ HAS aBt6hiher

cl eani ng nmet hod of porous silicon substrate befor

t he mpi peey al gr'owt h.
Fig. 15 shows the cleaning flow of the present 25 eeea-#p-l-—e—‘lﬂ————

hi gh-frequency cleaning with deaerated pure water was carried out to clean
t he hydrophobig . D30Ys SiHd &y SW ftaee pafdsein tara@ingald ame mighove - 80

TH' S SHEET HAS BE REPLACED Exanpl e 1, whereas in the present exanple the
hi gh- frequency & ety & e iGRY MWefl cattriwdderutt hmdeamechec gragiiet i ons  usi ng
ozone pure water 1n which ozone dissolved in approximately 10 to 13 % 5
The ozone pur gdMatiadidigedidiaieiozorss fure ereeerpbimivwiddhpzdnssol vi ng ozone
gas, obtained froma wet type ozone producing systemin conbination of a
hol | ow fiber didddrved tin elpptodinediesl yofl uice Matder as wel | known, in
pure water. 10 The oxide filmformed over the surface of porous silicon
and the imternal walHe oformlmsrehwatier omate hanaid waserthd (4° anodi zat i on
is renoved by etching with DHF i nmediately before t,he({o t enperature
oxi dation st epptaingd &y tHiIFREVIRG QT G255 W Gie O&or%ew%hre wat er

requires addlté;gg(gzone producing system in combination of a hollow

fiper filter with electrolysis of pure water as well
known, in pure water.

10 The oxide film formed over the surface of porous
silicon and the internal walls of holes by the ozone
pure water after anodization is removed by etching with
DHF immediately before the low-temperature oxidation
step, similar to that heretofore.

15 Use of the ozone pure water requires addition of
new apparatus, but it is easier to control the
concentration in the cleaning bath than deaeration of
pure water.

In the present example, because the oxide film was

20 already formed so as to be hydrophilic, the high-
frequency cleaning was conducted using non-deaerated
pure water as the high-frequency cleaning after the
low-temperature oxidation, but no problem will arise
even with the high-frequency cleaning using the ozone

25 pure water (step S;, of Fig. 15 can be performed under
the same conditions as in step S;;).

<Example 7>



new apparatus, but it is easier to control the concentration in the

cl eaning bath than deaeration of pure water. In the esent exanpl e,
because the oxide filmwas 20 already f_or'Brqu SO |aﬁ1|503|-t[ﬂhym gppnliic, the
hi gh- frequency cl eani ng was conducted usi'ng non-{deaer WEPEIA gpur e W&iit er as
t he hi gh-frequency cleaning after the IowtenperaLuLe-ochFai4gmmbut no
problemw ||l arise even with the high-frequency cleaning using the ozone
25 pure water (step S12 of Fig. 15 can be performed under the sane

condi tions as in stgn 1§81 LhotHXaMiampia 8 the PreSeBhERhvEASiBREN

REPLACED Still another exanple of the present invention wll be described.
The cl eaning fJ)iQW i & SaMR@AS in Exanple 6, but it was nodified, though
not illustrated, to a nethod of 5 high-frequency cleaning after the

hydr ophobi ¢ por ous m8id icQ@arsHg aQewafitse rthen eaimeataiso i nwvdiscamade y.dbopshi | i ¢
wi t h hydrogen peroxi de solution (H202/H20) of a |ow concentration of
approxi mat el y ix %a3 nlogRsf idid ,uttgebugh motpuidd usdrarted, ndicedd mefthage of

hi gh-frequency cleaning 10 carried out after the kéydropho_bi c porous silicon
surface & ter rangdifzaduemdas lsesinghafgar tthe hy I CUF face with

t he ozone pure water. The cl eani ng nmet hod dermnstrateq%tg_le cl egglilg?: ef f ect
even with keepiiddadte swifagead femaneid zatg ol 1ias, Made; Sy 9t R t he

deaerated pure water or the ozone pur ter.
P with hydrogen peroxide€ so J%ion (H,0,/H,0) of a low

concentration of approximately 2 % or less diluted with
pure water, instead of the high-frequency cleaning

10 carried out after the hydrophobic porous silicon
surface after anodization has been changed to the
hydrophilic surface with the ozone pure water.

The cleaning method demonstrated the cleaning
effect even with keeping the substrate immersed,

15 similarly as in use of the deaerated pure water or the
ozone pure water.

In general, when chemicals are used, cleaning is
carried out with the chemicals kept in the cleaning
bath. However, the dust particles removed do not

20 dissolve in the chemicals and stay in the bath in the
cleaning method of the present invention.

Therefore, the pure water used in cleaning in the
present example was subject to over flow of flowing
water, the dust particles removed were discharged with

25 water out of the cleaning bath, the diluted hydrogen
peroxide solution thus discharged was guided through a

filter for capturing particles of about 0.1 um, then



I n general, when chem cals are used, cleaning is carried out with the
chem cals kept in the cleaning bath. However, the dust particles renoved
do not 20 dissolve in the chemcals and stay in the hath in the cleaning
method of the present invention. Therefore “the plTkiSweHEET HASGEER jc! eani ng
in the present exanple was subject to over flow iof flqmbpggdmateY1 t he
dust particles renoved were di scharged with 25 wa ani ng
bath, the diluted hydrogen peroxide solution thus discharged was gui ded

through a f11L6L f05rGah ULskndE L6l 0ei o ahoutedidowmatidiers SendH S
SHEET HAS BEEN A t he hydrogen peroxide solution was recirculated to

the cleaning batdniRgdodbe, hagh- {he hbdisyf ct@adnay ebsantondees ed as t hus
suppl yi ng the hydrogen peroxide solution. A certain anount of hydrogen
peroxi de was Scésgubasd yas ephesi sinepll ¥ ng otipenspdeoden RePR¥FR i on

t hereof. <Exanple 8> In general, cleaning in the cleaning bath is suitable
for totally preskssion. mehyceubsinazreunbuef Nydregen cRRRPXHEPEFRE f or
further increase of size of substrate will increase the volune of the

cl eani ng 5bat hregukarlyncepberished chentempPansdtd. fPhH GORIFETRRIC%onsi deri ng
many adhering dust particles after anodization, it is desirable to 15

ef fectively di Se@ae9e-dust particles out of the bath, because use of the
cl eani ng bath acco anigs the risk of re-contam nation of substrate by the
dust particl es<Example 8>

In general, cleaning in the cleaning bath is
suitable for totally processing many substrates, but
10 the recent demand for further increase of size of
substrate will increase the volume of the cleaning
bath, i.e., increase the chemicals used.
In addition, considering many adhering dust
particles after anodization, it is desirable to
15 effectively discharge dust particles out of the bath,
because use of the cleaning bath accompanies the risk
of re-contamination of substrate by the dust particles.
A method for solving this problem is a combination
of the high-frequency cleaning with pure water
20 according to the present invention with a single wafer
type cleaning apparatus in combination of the well-
known chemical shower with exhaust of chemicals by
spinner.
The present invention is basically cleaning with
25 pure water, and has an advantage that cleaning can be
made cheaper than in use of chemicals.

In addition, the single wafer type shower cleaning



A method for solving this problemis a conbination of the high-frequency

cleaning with pure water 20 according to the prese a
single wafer type cleaning apparatus in 1 nat :Jomlefsmm m&s IBEEKnown
chem cal shower with exhaust of chemicals by spinner. TRHe rgsent

invention is basically cleaning with 25 pure wat er+—and—has—anr—advant age
that cleaning can be mnade cheaper than in use of chem cals. In addition,
the single wafer type shower cleaning 83 THI S SHEET HAS BEEN | REPLACED is
suitabl e for clgaghigawie pesOUSlSaningoswdanes siliromnewd Zate on because
of its process performance. For cleaning the hydrophobic surface, the
surface is negletdydinpditatidy bedcalase ovf beforeretessiPREITHANCS. a shower
of ozone water or diluted hydrogen peroxide solution and then the

hi gh-frequency cl eahdbngcleanimgdiine duydrophedic esdetateel Yhe esNE3EL t he
dust particles adhering thereto. As a matter of course, the high-frequency
cleaning 10 uséradéehydrerhibtt? BhowetdabirR| R HEE HHFFRPI T dPBani ng

of the porous silicon surface havi n%__'t he hé(ljro R[i\l'c surfacleomag by the
| ow-t enpeP at ure ShVermt PHOZPRe X SHERT A RPN T RS CLAI MS:
1. A cleaning ggigggogfag rg#gnsgﬂéaﬁféﬁpgrequency cleaning is

conducted, thereby effectively removing the dust

particles adhering thereto.

As a matter of course, the high-frequency cleaning
10 using the pure water shower can also be applied to
cleaning of the porous silicon surface having the

hydrophilic surface made by the low-temperature

oxidation.



cl eaning a porous surface of a substrate having the porous structure at

| east _i thereof, 5 wherein cleaning for renoving dust
patqHQIBBHﬂaHH%ﬂﬁﬁﬂ to the porous surface gf said substrate takes place
W {h purgepvACED on ich a high-frequency wave wth a frequency in the

r ange—of—from o600 KHz to 2 MHz is superinposed. 10 2. The cl eani ng nmet hod
of porous surface according to Caim1l, wherein the surface of the
substrate to be cleaned has such structure that apertures of nmany pores
are exposed angdrAafernal wall 15 surfaces of the pores have such structure
that a material of the porous structure is exposed or is covered with a
mat eri al of a diffelentAkeébdanBng Thetitb@anf ngoneusosunfaeer 68 surface 20
according to Caiml or Claim?2, wherein cleaning takes place by i mrersing
sai d substratecisanipgra pateusbasthfac@dofupesuhpbsahg Bavénai hef requency
wave thereon. 4. The cl eaning nmethod of porous surface 25 according to

Cl ai m 3, wher eporotsastngctakesapl beesbyinstiperswpbacagtBarechi gh- frequency
wave in parallel to the porous surface of the substrate imersed in said
TH S SHEET HAS BEENVh@EPLACEDRPDiRIWAPErTPAPYINgG @ystsPafhicledani ng net hod

of porous surface according to Caim3 or Claim4, wherein i strate
5 under the hi@ﬂb?Féﬂ%eHEytg?egﬂFﬂbsa§uf ?s%% Fﬁiga58£5£ra%g faRtl

place with pure water on which a high-frequency wave

with a frequency in the range of from 600 kHz to 2 MHz
is superimposed.
10
2. The cleaning method of porous surface
according to Claim 1, wherein the surface of the
substrate to be cleaned has such structure that
apertures of many pores are exposed and internal wall
15 surfaces of the pores have such structure that a
material of the porous structure is exposed or is

covered with a material of a different kind.

3. The cleaning method of porous surface
20 according to Claim 1 or Claim 2, wherein cleaning takes
place by immersing said substrate in a pure water bath

and superimposing said high-frequency wave thereon.

4. The cleaning method of porous surface
25 according to Claim 3, wherein cleaning takes place by
superimposing said high-frequency wave in parallel to

the porous surface of the substrate immersed in said



pure water bath is lifted intermttently out of liquid. 6. The cleaning

nmet hod of porous surface according to CGaiml or aim2, wherein cleaning
t ake 7-owi ng a pure water sh@aer. with a high- frequency wave
supeEﬂHﬁoE%ﬂﬂbHAbd@%Na;ter, agai nst the porous surface of said substrate
whi | & rot REPRACEARI d slubstrate. 15 7. A cl eaning nethod of substrate,

wher erm—CTeani ng for renoving dust particles-adhering to a surface of a
substrate takes place with pure water from which dissolved gas is
deaer at ed untidur® GeReantyaaiHi.on of the dissol ved gas becones 5 ppmor |ess
and on which 20 an ultrasonic wave is superinposed. 8. The cleaning nethod
of porous surface according to Caiml, wherein said pure water is pure
wat er from whi ch di ssolved gas is deaerated until a 25 concentration of the
di ssol ved gas becormes FHepralaranilres snethb ofTiHE cOISEERHASEBEEN REPLACED
9. The cl eani ng net hod of porous surface according to Caim38, wherein

sai d substrat @deonsdigund® ARIMRE Ag-aife Supdistaid iSpE pRE WS bath
having the pure water from which the di QF%g{ated unt i

ssolved gas, is 5
the concent r atysieTofthen S iFdFSBIENG CHRATHMS a% T O WA

superinposi ng said high- frequency, ultyasgnic wav r . 5 Th
cl eani ng net hdP§ Borduds f’fbéyll%eac{:clonr cﬁrrﬂ“gl\q%(ﬁa?&tlgﬁen?q‘g‘? Ov%glrlequr}%c'l eani ng
t akes pl ace by

6. The cleaning method of porous surface
according to Claim 1 or Claim 2, wherein cleaning takes
10 place by blowing a pure water shower with a high-
frequency wave superimposed on pure water, against the
porous surface of said substrate while rotating said

substrate.

15 7. A cleaning method of substrate, wherein
cleaning for removing dust particles adhering to a
surface of a substrate takes place with pure water from
which dissolved gas is deaerated until a concentration
of the dissolved gas becomes 5 ppm or less and on which

20 an ultrasonic wave is superimposed.

8. The cleaning method of porous surface
according to Claim 1, wherein said pure water is pure
water from which dissolved gas is deaerated until a
25 concentration of the dissolved gas becomes 5 ppm Or

less.



bl owing a pure water shower from which the dissolved gas i s deaerated
until the concentration of the dissolved gas becones 5 ppmor |ess and on

whi ch said high-frequency ultrasonic wavesd s superi r%iejs-ed—aga-l—ﬁ-s—(—kﬁ
porous surface of the substrate while rotating said l BsehEkT eHAS BEENhe
cl eani ng net hod of porous surface according to dai'm1, WiCLAGED sai d
porous surface of 20 the substrate is processed so a5 10 Decone
hydrophilic. 12. A cleaning method of porous surface for cleaning a porous
surface of a substrate fayvidigdrhing perthal sif ysinows afudfeast in the surface
t hereof, 25 wherein cleaning for renoving dust particles adhering to the
surface of saidbcdBin@it tElkeian (8 acherni rprsacias sSuits ittt drousleanddice of

sai d substrate so - 87 - | THI' S SHEET HAS BEEN REPLACED as to becone
hydr ophi | i ¢ arsy simestsipusitie suhsfirate éqUéthyuiﬁ ik et a
frequency in the range of from600 kHz to 2 on allqmdfor cl eani ng

of the poroustharfure watem froR "lﬂ’é‘dhl‘ﬁ'@f rfje‘ti’rﬁfhl"cﬁ oimollio surface
according to Cdaim1l or 12, vvherel n the dlo?(?d’e‘l oce sai d

por ous SLﬁfacéiefaﬁ%?‘fﬁ%c‘é%"sﬂf or§ R f*f(i}em vsesroslts\ﬁ Slibstrat e
surface and over 10 internal | s of ores f ture 14.

The cl eani ng rREFRIE né '%L%rwa][ﬁﬁsac%n IO mrf%lbfe rp% aim 1 V\/nerel n the
hydr ophi lic prpézgc?éency uftraé)oq{{)éjgﬂm fageeré&la process for imersi ng said

10. The cleaning method of porous surface
10 according to Claim 8, wherein cleaning takes place by
blowing a pure water shower from which the dissolved
gas is deaerated until the concentration of the
dissolved gas becomes 5 ppm or less and on which said

high-frequency ultrasonic wave is superimposed, against

15 the porous surface of the substrate while rotating said
substrate.
11. The cleaning method of porous surface

according to Claim 1, wherein said porous surface of

20 the substrate is processed so as to become hydrophilic.

12. A cleaning method of porous surface for
cleaning a porous surface of a substrate having the
porous structure at least in the surface thereof,

25 wherein cleaning for removing dust particles
adhering to the surface of said substrate takes place

by processing the porous surface of said substrate so



15 substrate in ozone pure water in which ozone dissolves in pure water.
15. The cl eaning net hod of porous surface according to Caim1ll, wherein

t he hydrophilic process 20 of said porousgsurface is a T
imrersing said substrate in a hydrogen peroxi de sol ut gﬁﬂﬁs 1LBA§A$%N

pure water. 16. The cl eaning nethod of porous surface 25_ac ﬂﬁg)to Cllai m
12, wherein said liquid is ozone pure water in which ozone dissolves Tn
pure water. - 88 - | TH' S SHEET HAS BEEN REPLACED 17. The cl eani ng met hod

of porous surfaceo @eeHmd '?%rdtr@pﬂiiii@ 24 wheesiimpsaiitg aqhiigh-s a

hydr ogen peroxide solution diluted with pure water. 5 18. The cl eani ng

met hod of por gdegaeniosc &l taesordingave eiitthes drequienClyaiims the T@npe
wherein the hydrophilic process of the porous surface is a process for
form ng an oxiode firidmmé®@ekHzhdos ZoMzace sudfigedd £ed r@@nimGedal wal s
of pores of the porous 10 structure and at |east the oxide filmover the
substrat e sur ftdee DoFrouemeKEf & t-er cl eaning of the porous surface of said
substrate. THI'S SHEET HAS BEEN REPLACED - 89 19. A nethod of producing a
sem conddct or device wherein a substrate of the sem conductor device is

rocessed according_to a nethod aof cleani cl.ai ned in_any one of the
1Poregoi ng O ai ns 1%630 1§he CQeaning meatho%g oaf'S porous su%fa%e y
according to Claim 11 or 12, wherein the hydrophilic
process of said porous surface is a process for forming

an oxide film over the substrate surface and over

10 internal walls of pores of the porous structure.

14. The cleaning method of porous surface
according to Claim 11, wherein the hydrophilic process
of said porous surface is a process for immersing said

15 substrate in ozone pure water in which ozone dissolves

in pure water.

15. The cleaning method of porous surface
according to Claim 11, wherein the hydrophilic process
20 of said porous surface is a process for immersing said
substrate in a hydrogen peroxide solution diluted with

pure water.

16. The cleaning method of porous surface
25 according to Claim 12, wherein said liquid is ozone

pure water in which ozone dissolves in pure water.
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- 88 - THIS SHEET HAS BEEN]
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17. The cleaning method of porous surface
according to Claim 12, wherein said liquid is a

hydrogen peroxide solution diluted with pure water.

18. The cleaning method of porous surface
according to either one of Claims 11 to 17, wherein the
hydrophilic process of the porous surface is a process
for forming an oxide film over the substrate surface
and over internal walls of pores of the porous
structure and at least the oxide film over the
substrate surface is removed after cleaning of the

porous surface of said substrate.



- 89 -
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19. A method of producing a semiconductor device
wherein a substrate of the semiconductor device is

processed according to a method of cleaning as claimed

in any one of the foregoing Claims 1 to 18.



