DESCRI PTI ON METHOD FOR OXI DI ZI NG SUBSTANCE AND OXI DATI ON APPARATUS
THEREFOR Techni cal Field [0001] The present invention relates to a
met hod of oxidizing a substance and to a substance oxidation
apparatus, and nore specifically to oxidation of a substance in a

l i quid enpl oying nitrous oxide (N2QrpeipgSehved water. Background Art
[ 0002] Production of an industrial product through oxidation of an
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conpound and conducti ng an oxidation reaction by using a catalyst,
heat, or the |ike. [0003] For exanple, industrial production of
adipic acid as a raw material for nylon enploys a nethod (nitric
aci d oxreleindedl Pleddi di zi ng cycl ohexanone or cycl ohexanol as a raw
material by wusing a |large amobunt of nitric acid. This nethod enpl oys

nitric (gehgy whi chrhs HraddringndeindicdSrafaf¥kdants me8RHolWE J3d%izing
probl ens such as an increased cost for a measure against corrosion
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producti o rial~productiron of terep ic acid as

raw material for_a polyester enploys anmethod (ajr oxidation) of .
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This method enpl oys cobalt, manganese, and a boron conpound as

cat al ysexidendN:0) -dissolved water.

Background Art

[0002] Production of an industrial product through oxidation
of an organic compound employs a method involving mixing an
oxygen-containing substance referred to as an oxidant and an organic
compound and conducting an oxidation reaction by using a catalyst,
heat, or the like.

[0003] For example, industrial production of adipic acid as
a raw material for nylon employs a method (nitric acid oxidation)
of oxidizing cyclohexanone or cyclohexanol as a raw material by
using a large amount of nitric acid. This method employs nitric
acid, which is a strong acid, as an oxidant, and thus has problems
such as an increased cost for a measure against corrosion of an
apparatus and an increased cost for reduction of risks in production.
[0004] Industrial production of terephthalic acid as a raw

material forapolyester employsamethod (airoxidation) of oxidizing



t hus has problens such as an increased cost for a neasure agai nst
corrosion due to boron and an increased cost for reduction of an
environnental |oad due to boron. [0005] An exanple of a nethod of
oxidi zing a substance such as a silicon wafer is a method of
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used for bleaching of paper or pulp, washing of a sem conductor,
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power thereof. The ozone water is used for sterilization of water
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and is recently wused for washing of a sem conductor and the |iKke.
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hydr ogen perOX| de remains for a relatively long period of tine |n
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Meanwhi | e, the ozone water is relatively unstable and therefore

deconposgsmspest afeauster | Boatachahgveahy ehdizesi 6dbstance dissolved
therein include a hydrogen peroxide solution and ozone water.
[0006] The hydrogen peroxide solution is used for bleaching
of paper or pulp, washing of a semiconductor, sterilization,
disinfection, and the like by utilizing the oxidizing power thereof.
The ozone water is used for sterilization of water supply and sewage
system and sterilization of food and tableware, and is recently
used for washing of a semiconductor and the like.
[0007] The hydrogen peroxide solution is relatively stable,
and hydrogen peroxide remains for a relatively long period of time
in waste water obtained after the hydrogen peroxide solution is
used for various applications. Thus, the waste water of the hydrogen
peroxide solution requires decomposition treatment for reducing
an environmental load, and industrial use of a large amount of the

hydrogenperoxide solutionor the likecausesaproblemof anincreased

cost required for the decomposition treatment.



of tinme. However, the ozone water is toxic to human body even in a

| ow concentration and provides a heavy load on a material used for a
pi ping systemor the like, so that the ozone water requires
deconposition treatnent. Thus, the ozone water has a probl em of

causi ng at nent, cost...-The qzone water. is rel.ativel nst ahl
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wat er after start of an ozone water production apparatus in a stopped
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ausel ess running cost is inevitably caused. [0009] Another exanple
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phot ocat al yst. The photocatal yst is a substance which exhibits a
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irradiation of light having a wavel engt

is, the ozone water is inconvenient in that a method of using a
required amount of ozone water at a required time from a large amount
of storedozone water is impossible. Further, stable supply of ozone
water after start of an ozone water production apparatus in a stopped
staterequires acertainperiodof time for start-up of the apparatus.
In the case where intermittent use of ozone water is supposedly
desired, an operating state of the ozone water production apparatus
must be maintained at all times even during time requiring no ozone
water if an apparatus start-up time is longer than time requiring
noozonewater. Thus, auselessrawmaterial costorauselessrunning
cost is inevitably caused.

[0009] Another example of the method of oxidizing a substance
is a method employing a photocatalyst. The photocatalyst is a
substance which exhibits a catalytic action under irradiation of

light, anda typical example of the photocatalyst is titaniumdioxide



shorter than about 380 nm In the presence of a target substance to
be oxidized in a gas phase, titaniumdioxide is allowed to be

present in the gas phase, and the gas phase is irradiated with |ight
for oxidation of the target substance. In the presence of a target
subst a idized e um | Fop
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fixed ofoabe eRPAOREdALR &Uhss Btiassurd aeenfen &BSyida@nid idlg e to be
basically exhibits an oxidi zing action on a substance adsorbed on a
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oxi dation rate. EOOII] In use_of titaniumdioxide in water, a wate
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generate a hydroxy radial having oxidizing power. The hydroxy
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di oxi de very closely. Thus, no substantial oxidizing action of the

hydr oxyof the target substance.
[0010] Titanium dioxide is wused for deodorization and
decomposition of a malodorous component such as ammonia or
formaldehyde, sterilizationandpurificationof drinkwater or waste
water, andthelikebyutilizingitsoxidizingpower asaphotocatalyst.
Titanium dioxide is often used in a thin film form fixed on an
appropriate substrate surface for easy handling and basically
exhibits an oxidizing action on a substance adsorbed on a surface
of titanium dioxide alone. Thus, diffusion and adsorption of a
substance to be oxidized itself from and to the surface of titanium
dioxide in a gas phase or water control rate of oxidation, and use
of titanium dioxide has a problem of a relatively slow oxidation
rate.
[0011] In use of titanium dioxide in water, a water molecule

adsorbed on the surface of titanium dioxide is oxidized to generate

a hydroxy radial having oxidizing power. The hydroxy radical has



radi cal derived fromdiffusionof the hydroxy radical can be confirmed
in water distant fromtitaniumdioxide. In this way, the hydroxy
radical differs fromthe hydrogen peroxide solution or ozone water
and has a problemin that even when a solid substance exhibiting no

solubiljity in ter .such as i conducgt.qr bstr L sl e in
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cannot be oxidized in the presence or. absence photoirradiation. _  In
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di spersing titaniumdioxide in a formof fine powder in water, this
case hasadipabldleerivied fiarh dséfasabnat @ne hydecoxgmadifcal caabewonfirmed
di oxi de after oxidation treatnent involves difficulties. [0012]
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Ni trous oxide (N20) is a stable gas under nornal tenperature ana,
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than 240 nm_ Non-patent Docunent 2 describes this phenonmenon, for
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oxidation of a target substance by using atom c oxygen (0) generated
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oxidation 5 of a surface of an Si wafer. [0014] Patent Docunent 1

di scl osggnABti B¥eBkl @A zeBY AV ith& presence or absence photoirradiation.
In the case where an attempt of increasing an oxidation rate is
made by dispersing titanium dioxide in a form of fine powder in
water, this case has a problem in that separation and recovery of
titanium dioxide after oxidation treatment involves difficulties.
[0012] There is proposed an oxidation method employing nitrous
oxide. Nitrous oxide (N;0) is a stable gas under normal temperature
and normal pressure and is not decomposed by visible light. For
example, Non-patent Document 1 describes properties of nitrous oxide.
Nitrous oxide is known to decompose into a nitrogen molecule (N,)
and atomic oxygen (O) under irradiation of 1light having a wavelength
shorter than240nm. Non-patentDocument 2 describes thisphenomenon,
for example.
[0013] Many researches have been conducted regarding oxidation

of a target substance by using atomic oxygen (O) generated in a

gas phase. For example, Non-patent Document 3 describes oxidation



removing a natural oxide filmon a surface of a silicon substrate
with a diluted hydrofluoric acid solution; heating the silicon
substrate to about 300C; brininganul trapure oxygen gas into contact
with the silicon substrate to forma silicon oxide filmof about an

i nter rr%lfecaulsqhafegcfsé a&ceanagg ‘pggéj_,pg the silicon substrate to 900C

to form-an oxi i1'm having a predeterm ned thickness. Oxidationof
the silicon substrate canbe conduct edbyusj nga sol ution ¢ontaining,

t
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may be a sol ution containing oxygen dissolved therein, a solution
cont ai niempwizone diassotaledxtilder dinm anhy dswgtacperibd ¢é lisonusiubestrate
sul furic acid/ hydrogen peroxide aqueous solution, a hydrochloric

aci d/ hygdragesn gelgxkde ngauedisncalditddn ¥l oMBdhed ndydhedenlicon
per oxi de aqueous sol ution (see paragraph 0013 of Patent cunent 1).
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and formng a natur ox1 de oh a surface semc
substrate with an oxygen

h t om gener ated from.ni,trous _aqxj de.,
For et (G T ohd 0 (SSRTRATES o 1P Gas iSSP GRAdE pridlisffeabout
| ess than an atnospheric pressure. [0016] Production_of electronic
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to as local oxidation) and insulating a selected region on a
conductdoee Crater ifelrnf agm veaxides £ibmplmapdses.a Foredeternheed ichickness.
realized a technique of working a substrate by forming an oxide film
layer hewidee 1b9Bf&MB LR con substrate canbe conductedbyusinga solution
containing oxygenand/or amolecule containing oxygen. The solution
to be used may be a solution containing oxygen dissolved therein,
a solution containing ozone dissolved therein, a hydrogen peroxide
solution, a sulfuric acid/hydrogen peroxide aqueous solution, a
hydrochloric acid/hydrogen peroxide aqueous solution, or an
ammonia/hydrogen peroxide aqueous solution (see paragraph 0013 of
Patent Document 1).
[0015] Patent Document 2 discloses a method of using nitrous
oxide and forming a natural oxide on a surface of a semiconductor
substrate with an oxygen atom generated from nitrous oxide.
Formation of the oxide is conducted in a gas phase under pressure
less than an atmospheric pressure.
[0016] Productionof electronic components employs a technique

of oxidation (hereinafter, referred to as local oxidation) and

insulating a selected region on a conductive material for various



resi stance through | ocal oxidation, and using the oxide filmlayer
as a mask for dissolving and renoving a non-oxidized region with a
chem cal. Production of an ornanent w dely enploys a techni que of
form ng an oxidi zed region having a different color fromthat of a

non- oxi di zed reqi n oxidized_regi Ving, | oV o] LN
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by a nmethod involving: formng a resist pattern or a pattern of an
oxi dat imes rssastanthmmigh ilalcailnoaighbt ohi, tdnnd negpimg shepoxiude nigi Ithéayer
pattern as a nmask; and oxidizing a region not covered with the nmask.
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t he paf%ern as an etching na I'ssolfving an

oxide layer in a region not covered with the sk to obtain tghe
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Fig. 12 shows the | ocal oxidation nmethod enploying the . _
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descri bed above. [0018] First, as shown in Fig. 12(a), a photoresist
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oxi dation by a spin coating nethod or roller coating method of a

l'i quid §@8fS8te as a pattern for obtaining an ornament with a very aesthetic
appearance.
[0017] The local oxidized region is conventionally formed by
a method involving: forming a resist pattern or a pattern of an
oxidation resistant material in a photolithography step; using the
pattern as a mask; and oxidizing a region not covered with the mask.
Alternatively, the local oxidized region is conventionally formed
by a method involving: forming an oxide layer on a substrate surface
in advance; forming a resist pattern in a photolithography step;
using the pattern as an etching mask; and dissolving and removing
the oxide layer in a region not covered with the mask to obtain
the oxide layer in a region covered and protected by the resist
alone. Fig. 12 shows the local oxidation method employing the
photolithography step conventionally used and employing the resist

described above.

[0018] First, as shown in Fig. 12(a), a photoresist layer 71



a lamnating nethod of a dry filmresist, or the Iike conventionally
and often used. [0019] Next, as shown in Fig. 12 (b) , the
photoresist layer 71 is exposed to light through a nmask (reticle) 72
havi ng a predeterm' ned pattern and then devel oped, to thereby form

t he phator r i e d
hape & doa VB subbsed® BgTbR bRNAS] ”@ﬁ!% R %%?f'@&zs% by
a region on the sybstra 70 cor onding to a pened part he
Dhot or GuiSBn Sp8E 19D MEthos| St 1YLl ST Gt i mepiofbphgs thiguid resiSt,
photoresi st layer 71 having a predeterm ned shape as a mask by a
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oxi dant such as a hydrogen peroxide solution or ozone water, an

anodi ¢ oxd deftem weeédod in an electrolytic solution, a dry oxi dat i on
met hod such as oxygen ion inplantation or heat oxidation enploying a

quartz 9@@@]{ on 1t UhgexOf dd@hliCin By ! H@ﬁgyrggfe;‘%ﬁ%%érgié@dlayer 71

regi on 0021] After local oxidation
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the substrate 70 having the desi red oxi di.zed region 7Q0a forned
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formed to float (island) 8 on the surface of the substrate 70 as

shown ihi Figto 12(wyskopahbgrnbbavonged pvedesehmanpd shapel ageshpgnasn
shown in Fig. 12 (f) depending
Fig. 12(c).
[0020] Then, as shown in Fig. 12 (d), a region on the substrate
70 corresponding to an opened part of the photoresist layer 71 is
selectively oxidized, by using the photoresist layer 71 having a
predetermined shape as a mask, by a wet chemical oxidation method
employingasolutioncontaininganoxidant suchas ahydrogenperoxide
solutionor ozone water, ananodicoxidationmethodinanelectrolytic
solution, a dry oxidation method such as oxygen ion implantation
or heat oxidation employing a quartz reaction tube, or the like,
to thereby form an oxidized region 70a.
[0021] After local oxidation, the resist layer 71 is removed
through dry ash treatment employing plasma, wet treatment employing
aresist removing liquid, or the like, to therebyobtain the substrate
70 having the desired oxidized region 70a formed thereon as shown

in Fig. 12(e).

[0022] The oxidized region 70a may be formed to float (island)



on the intended use. [0023] For exanple, production of a

sem conductor apparatus generally enploys a techni que of | ocal
oxidation of silicon (LOCOS) involving: formng a mask pattern of
silicon nitride which is an oxidation resistant naterial on a
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insulating silicon in a region no covere nitri'de by a
dry oxi dation net hOd'aéi'(t)OM' Pat eft Docunent 3 di scl gses_ a jEjechni %lée
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tantalum or the |Ilike in a photolithography step and locally

oxi di ziow timel imbehdednygsethe netal thin filmin a region not covered
with the resist pattern by an anodic oxidation nethod for dielectric

i sol atipmo®i]the nerst exdmpld) |ghdduct i rdX d emiconietedt appaehtus
an active matrix-type reflective liquid crystal display apparatus.
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a photolithography step, and locally oxidizing and insulating _the
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by an anodi ¢ oxidation nethod, a heat oxidation nmethod, or an ion
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el ectrode layer for leading a signal froma thin film
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[0024] Patent Document 3 discloses a technique of forming a
resist pattern on a metal thin film of aluminum, tantalum, or the
like in a photolithography step and locally oxidizing and insulating
the metal thin film in a region not covered with the resist pattern
by an anodic oxidation method for dielectric isolation of the metal
thin film in a matrix form in production of an active matrix-type
reflective liquid crystal display apparatus.
[0025] Patent Document 4 discloses a technique of forming a
resist patternonaconductivematerial (suchasiron, zinc, aluminum,
aluminum alloy, titanium, tantalum, copper, copper alloy, silicon,
siliconalloy, silver, zirconium, tungsten, chromium, or molybdenum)
in a photolithography step, and locally oxidizing and insulating
the conductive material in a region not covered with the resist

pattern by an anodic oxidation method, a heat oxidation method,

or an ion injection method for insulation treatment of a part of



formapai rof | eading el ectrode parts as insul atedparts inproduction
of a thin filmmagneto-resistance effective head to be used for a
magneti c i nformati on recordi ng apparatus such as a hard disk. [0026]
Pat ent Docunent 5 discloses a technique of providing an oxide film

on a swf i d for a i st t
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a hydrogen peroxide solution to form a pattern of a silicon oxide
film dnresphirphleedinscdecteodenart swsAnshdasiedinadit oih peofurmion
with an al kali solution by using the silicon oxide filmpattern as a
mask i rofm £rrae hf himomégrie po odesi sganaepeeciat dtemhehdneocbepasedt for
a mcrosensor, or the like enploying a silicon wafer such as a

sem CO’E‘%&@&e@{@Sfﬂf@nﬁéB%ﬁ PEc8P4k RK] 8bpaPhtkeEubRads Eoﬁﬂh disk.
Pat ent Docunent 6 discloses a techni que of pI’OVI ding an OXI de film
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renoving the resist to forman oxide filmpattern in a defined

regi on a rreshet hpat bérpr dduei pgobnldrhageaphyl16tEp028pmpatiegt the oxide

Docunent 1: JP-B 3210370 Patent Docunent 2: JP-B 4-36456
film in a region not covered with the resist pattern with a
hydrofluoric acid buffer solution, removing the resist in a mixed
system of sulfuric acid and a hydrogen peroxide solution to form
a pattern of a silicon oxide film, and etching a region not covered
with the silicon oxide film with an alkali solution by using the
silicon oxide filmpattern as a mask in micromachining for producing
a precision machine component, a microsensor, or the like employing
a silicon wafer such as a semiconductor pressure sensor or an inkjet
printer head.
[0027] Patent Document 6 discloses a technique of providing
an oxide film on a surface of a substrate (such as aluminum, copper,
manganese, silicon, magnesium, or zinc) in advance, forminga resist
pattern in a photolithography step, removing the oxide film in a
region not covered with the resist pattern with an alkali solution,

and removing the resist to form an oxide film pattern in a defined

region in a method of producing an ornament.
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Pat ent Docunment 3: JP-A 10-268359 Patent Docunment 4: JP-A 6-338035
Pat ent Docunent 5: JP-B 3525612 Patent Docunent 6: JP-A 2005-15898
Non- pat ent Docunent 1: Naotoshi Yamanouchi, Mtsuo Takeda, "N trous
oxi de", Hi gh Pressure Gas, Vol. 13 No. 3 (1976) pl05-111 Non- patent

Docunen . " Phot oc enlcal Reaction_in h ", edited by
Chenlcato%%%]ety of F35pRh, DR&@BEBQSBﬁsﬁggg BEﬁES?ﬂikari Kagaku Gakka
Shuppan Center, No. 39, (1983) pl4-38 Non-patent Docunent 3: K. Uno,
A. Nami ki, S. ZainBPaUEnthER@hmeaF R: ORtBk& 36%PS Study of the

Oxi dation Process of Si (111) via Photochem cal Deconposition of N20

by an UV Exciner Lasgtént Suct@ertSsieopepr 10304888p, p321-335
Di scl osure of the Invention [0029] However, the above-nentioned

conventi onal nethod§a9% tOﬁthﬁéHg 3. sbbLgog gsdhpkEate or the like
have the follow ng pro ? Patent Docunent 1 describes the

i nvention enploylng a so% %IOH g n 2|ssolved t herein or
a hydrogen peroxi de PIbFY ﬂcuggng Ekigngégggl or oxidation of the
silicon substrate. Thus, waste water obtained after the solution is
used must be subjec?%HenilD?6u6§EBnﬁosFPrénZPPéaﬂﬁﬁﬁﬁ t her eby
causing cost increase. [0030] Patent Document 2 describes the '
oxi dati on nmet hod i nNan-gasepha®echypensi rig MMaoboashbx¥dwanandhhandliitisgo
of the gas involves
Takeda, "Nitrous oxide", High Pressure Gas, Vol. 13 No. 3 (1976)
pl05-111
Non-patent Document 2: "Photochemical Reaction in Gas
Phase", edited by Chemical Society of Japan, Kagaku Sousetsu
Muki-Hikari Kagaku Gakkai Shuppan Center, No. 39, (1983) pl4-38
Non-patent Document 3: K. Uno, A. Namiki, S. Zaima, T.
Nakamura, N. Ohtake, "XPS Study of the Oxidation Process of Si(111)

via Photochemical Decomposition of N20 by an UV Excimer Laser",

Surface Science, 193(1988), p321-335

Disclosure of the Invention

[0029] Howevér, the above-mentioned conventional methods of
oxidizingasiliconsubstrateor the likehave the followingproblems.
Patent Document 1 describes the invention employing a solution
containing ozone dissolved therein or a hydrogen peroxide solution
as a solution used for oxidation of the silicon substrate. Thus,

waste water obtained after the solution is used must be subjected
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difficulties. Further, the nmethod requires a sealing device such as
a treatnment chanber for suppressing generation of ozone, and a
tenperature inside the treatnent chanber nust be increased as
required. Thus, a production cost of oxidation with nitrous oxide

i ncreases. Pat ent gm@g%s d i t j S

each ?Z’q&%c%ng aSlp 0 oltl{%ogr aphy %?%]gekg%ncg?gﬂlﬁg %?gﬁagﬁgg%%%g'such
as a resist layer form ng_(resi st apsl%i ng% stel_gé ali q_g;: exposure,
step, d0§efdl opmentaitSY, PRTYME eV RGT SPEP HoF PEHF LAY Meddyd 1n 2
oxi dation of a substrate. The steps enploy different apparatuses and
r equi r gamuphakabby astnegfigrtodpoxiged ang, handl ing, ofirithe gaisnirviahves

of the apparatuses. The resist formng step involves vaporization of

an or giifF ixlMeds durFiid hell, i RBeOhet REAT £8dn%i res aNG e rideveepenguch
step generally enploys |arge anounts of a strong alkali solution and

an org @ & ﬁ:%n\é enﬂzuéﬂé}%e eft?Pié\%gé &4 -dgenéjrémb Y& SQBﬁgysand

chem c%ls SUCh as a strong al kali a %yd‘?%ﬁ?u ric amg. ﬁ‘hus, fhe

t echni ques require majntenance in chenm cal starage a{)et in

chen ol TEBERRRITTT GHRTENG OFe veETRCURR brodaTierT ytust PRefagyeased as

causi ng cost increase. [0032] An object of the_present invention is,

to prowesBligafet hd#usof 2ARFRYFHEPR Cﬁﬁspﬁn‘éélg%\'—%’?ﬂd”t%nltrous oxide

above-nenti oned conventional 12 problens, providing a | ow

envi r onnmemmesdsdmad, involving easily handling, and capabl e of

oxi di zing a substance at a relatively low cost, and an oxidation

appar atgmp3iher ef or .patent Documents 3 to 6 describe the techniques each
requiring a photolithography step consisting of many steps such
as a resist layer forming (resist applying) step, a light exposure
step, a development step, and a removing step for realizing local
oxidation of a substrate. The steps employ different apparatuses
and require much labor and effort for handling, control, and
maintenance of the apparatuses. The resist forming step involves
vaporization of an organic solvent during curing of the resist,
and the developing step generally employs large amounts of a strong
alkali solution andanorganic solvent. Further, etchingof anoxide
film layer employs chemicals such as a strong alkali and hydrofluoric
acid. Thus, the techniquesrequiremaintenance inchemical storage,
safety in chemical use, and treatment of waste water after use,
thereby causing cost increase.

[0032] An object of the present invention is to provide a method

of oxidizing a substance solving the above-mentioned conventional

12



[ 0033] The inventors of the present invention have conducted

i ntensi ve studi es and have found a nmethod of solving the

above- nenti oned conventional problens at once by using a nethod of
irradiating nitrous oxide dissolved in water with light. That is,

the prese ihvengion. REQyi de ; [ di zi a. e
usi ng ggg%:ﬁ%ﬁ%hn%§8g%ﬁ%§ ng géﬁﬂgﬁiggéégﬁﬁgggoﬁéggt &ﬁgﬁfgﬁﬂﬁ eaQ¥1y
sol ution containing_nitrous oxide,éNZO) and irradiating the sol ution
with | iFRAHRT n@ GaPePefgPh SF1at21e3d SYPGLARCS afed F¥lGtively low
oxi dation of the substance; and a substance oxi dation apparatus.

[ 0034] cacdor md aw okedpt eenéppavehntisobhevgrifdati on of a substance
can be conducted by bringing a substance into contact wth a

sol uti ofp eIt ai Ni Ngrme tirBksn tBd gl f and ;%)fé@&h@tiiﬂ\gaﬁ&ﬁ)n R cenductla
i ght having a wavel ength of 240 nmor less to dissociate nitrous

oxi de an genegat %&E&i@?co%?ﬁ’cﬂe%a(v@ 8Yhag %t Irrg % QX1 i %%1ﬂ%§ﬁgts:he

A life of atomc oxygen I's very short an out nano "secC

A ihility of atomi  (0) - di i ated und .
ohot of AR SITER FOREH aRar KERE5ORAY PEBBLCNFL ACnOCGRs PYabEing g method

region not irradiated with light is very low. A defined region is

i rradi @fdmadiat g nitgQurethdanldiswolygct innwater el subsighii e That
the defined region with atom c oxygen (0) dissociated under

phot oi rirsadithkl pre $ent dxivaatt ieom pThvsdphenmathod o hdixd¢dtiiesnpgheatubstahde
oxi di zed regi on having a desired shape can be fornmed on a substrate

by usingy ausmsd &i gblatibn b abrﬂﬁ?dnboé saBkeanduct aEoPeddaEttORith a

Further, a selected region alone of a target substance nay not be
solution containingnitrous oxide (N,0) and irradiating the solution
with light having a wavelengthof at least 240 nmor less for oxidation
of the substance, and a substance oxidation apparatus.

[0034] According to the present invention, oxidation of a
substance can be conducted by bringing a substance into contact
with a solution containing nitrous oxide, and irradiating the
solutionwith light havingawavelengthof 240 nmor less todissociate
nitrous oxide and generate atomic oxygen (0) having strong oxidizing
power. A life of atomic oxygen (O) is very short and is about nano
seconds. A possibility of atomic oxygen (O) dissociated under
photoirradiation to transfer to and react with a substrate in a
region not irradiated with light is very low. A defined region is
irradiated with light, to thereby allow reaction of the substrate

in the defined region with atomic oxygen (O) dissociated under

photoirradiation for oxidation. This phenomenon indicates that an
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subj ected to oxidation by arranging a mask having no region allow ng
light transmttance on the selected region of the target substance
and shielding light to the selected region alone of the target
substance. For dissociation of nitrous oxide under irradiation of W

|1 ght of, 200, N, Q5| G55 iv&‘ng Q?d%s%@%ﬁfshaﬁeoégﬂebeq% &.8%)09{"%‘ E’ﬂbs'k%?te
toxic t8 nuran bo of the enviTonmen generatés in the préesence 0
oxygen_in air, but generation of the ozone gas can be suppressed in

a quu#ﬁfuﬁ&ﬁﬁlﬁdﬁa%k ?ﬂW%%ﬁ%‘%&Faétags%dd3§fﬁ&ﬂﬁQQQ§“&§ﬁFkBFOdHFtQQE-
| eak or the like, and handling of nitrous oxide is not necessarily
easy. Howslery, Farsdlienfesi nestion edong nfng Pergeussuluxd ateairtsgonedd be
therein is very easy. Difference in handling ease between a gas and

a sol Utdull CHB Rt BPidatli 68 Wyvedrgaging PraskAHdWinkAeWrgii allowing
exanpl e, a hydrogen chloride gas is a strongly irritant substance,

Hrrit atl%.%lf\: ! %ﬁsﬂt%é‘%gggﬂgr%‘fec@é@ xj;ce rifo?%@:!f {0 GRS SHRAELnce

exposure 0 e gas o ppm or nore W m nut es.

chiort G5 ABHHETRR ol KoRE, ey o O SF Ut e NPha T JOF R target

concentration of about 37%and is wdely used in applications_ such

as di ss8IRATRNER - a R A SERE 13 t3PEdE NG Ik exide veden igy@diation of
fragrance, a nedicine, an agricultural chemcal, or the I|ike.

Fur t hergVv dergriataforR46f na boxlesbyipraodast phpee ,0rndatona gass veryy whdch
little, and hydrochloric acid basically requires no deconposition

treat nBY tefixivBEbehWRAR LR, arhykl @ERA Redtitlgenaratds H9ltid pResBhce

the like, to thereby reduce an environnmental load and s igni f i cant

ly of oxygen in air, but generation of the ozone gas can be suppressed
in a liquid. Handling of nitrous oxide as a gas requires control
of gas leak or the like, and handling of nitrous oxide is not
necessarily easy. However, handling of water containing nitrous
oxide dissolved therein is very easy. Difference in handling ease
between a gas and a solution containing a dissolved gas is generally
known. For example, a hydrogen chloride gas is a strongly irritant
substance, irritates a nasal or ocular membrane, and is fatal to
humans under exposure of the gas of 1,000 ppm or more for fewminutes.
Meanwhile, hydrochloric acid as an aqueous solution of hydrogen
chloride 1is commercially available as a solution having a
concentration of about 37% and is widely used in applications such
as dissolving of a metal and a production material for a dye, a

fragrance, a medicine, an agricultural chemical, or the 1like.

Further, generation of a toxic by-product upon oxidation is very
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reduce a treatnment cost. Irradiation of the solution with |ight

havi ng a wavel ength of at |east 240 nmor |ess while alight
irradiation region is controlled allows oxidation of the selected
region of the substrate and all ows oxidation of a desired region

wi t houtl ig t lghowoldi hirdgraphprs tepc bdpdan/arl iy cogpliees asi decoBpoeftion
Description of the Drawings [0035] [Fig. 1] A schematic diagram of an

exper i dtimerfP R At & afateandiechi Agdesyeat perosdegenngabbugnssiution
nmet hyl ene blue. [Fig. 2] A graph show ng experinmental results of

oxi dat i 0si 14 I i g he .
xper i 150 FAT Lansarts HEPE by RE o et ife ko ARLAL BT o iR BUhYR: canc 1y
experinental results of oxidation degonposition of nethyl ene bl ue,

obt ai néEBFUS We%&ﬁ&%%ngéFaéﬁﬁgESPugfth?i golytiant HetRadeght
where an aqueous solution containing nethylene blue (10 ppn) and

hel i umhaingia yeyetledditiarfobh 1 eas tudseinm PEi kg s sayh il g eadplplghbwradiat ion
relationship between tinme and absorbance of a nethyl ene bl ue agueous

sol ut i areditorb6bs ot @l Nedl a byowss i awgi ddiei e pef | teat aélappadaregioh of
Fig. 1 in the case where a high pressure nercury lanp is not turned

on. is Jyd Gurlt A Rty Shawhg Hil@ldidrEhbp ghet weanrEyien #9€hout a
absorbance of a nethyl ene blue aqueous solution at 665 nm obtai ned

Y+ aa SRR RN PR A R bR e o ar 1y

Brief Description of the Drawings
[0035] [Fig. 1] A schematic diagram of an experimental
apparatus for conducting oxidation decomposition of methylene blue.

[Fig. 2] A graph showing experimental results of
oxidation decomposition of methylene blue obtained by using the
experimental apparatus of Fig. 1.

[Fig. 3] A graph showing experimental results of
oxidation decomposition of methylene blue obtained by using the
experimental apparatus of Fig. 1 in the case where an aqueous solution
containing methylene blue (10 ppm) and helium (He) dissolved therein
is used.

[Fig. 4] A graph showing a relationship between time
and absorbance of amethylene blue aqueous solutionat 665 nmobtained
by using the experimental apparatus of Fig. 1 in the case where

a high pressure mercury lamp is not turned on.
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stopped. [Fig. 6] A graph showi ng change in N20 concentration in
wat er under irradiation with an ozone-|less high pressure nercury
lanmp. [Fig. 7] A schematic diagram of an oxidation apparatus for
conducti ng an oxidation experinent of a silicon wafer. [Fig. 8] A

graph showi ng exper jmpqt ad) resul saph hdwhald 83eafatad cHIHiEPBeVRESA t ime
obt ai ned by using the 'experinmental “apparatus of Fig. 7. [Fig. 9] A

graph show experinental results of _oxidation of.a siligon f er.
obt &i nét I HSTRGTERS BR B vANTLS PLUp ARsrhe G iph 3tiqr TH Pidined
where water containing helium (He) dissolved therein is used. [Fig.
10] A ghapksErdwiRg eXPeraweBEalnaBPRrasHs 6% Hafiod iR WRfecase where
contai ning vari ous gases di ssolved therein under irradiation with an
ozone- | B84 riradgh apriessof ¢ heanetinyl ¢replueFaguedds salsichemat s ¢ edipagaaml y
of an oxidation apparatus for conducting an oxidation experinment of

a silicoro &r in the presence or absence of photoirradiation.

[Fig. 12] di agram showi ng a conventional nethod of 16 | ocal

o 3 R Rk B P IR e AR 159 cBheBAk o
in water under irradiation with an ozone-less high pressure mercury
lamp.

[Fig. 7] A schematic diagram of an oxidation
apparatus for conducting an oxidation experiment of a silicon wafer.

[Fig. 8] A graph showing experimental resultslof
oxidation of a silicon wafer obtained by using the experimental
apparatus of Fig. 7.

[Fig. 9] A graph showing experimental results of
oxidation of a silicon wafer obtained by using the experimental
apparatus of Fig. 7 in the case where water containing helium (He)
dissolved therein is used.

[Fig. 10] A graph showing a behavior in silicon
oxidation in water containing various gases dissolved therein under
irradiation with an ozone-less high pressure mercury lamp.

[Fig. 11] A schematic diagram of an oxidation
apparatus for conducting an oxidation experiment of a silicon wafer

in the presence or absence of photoirradiation.

[Fig. 12] A diagram showing a conventional method of
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30, 60, 65: AQUEQUS SOLUTION 42, 43: SUPPORT COF SILICON WAFER 20:
H GH PRESSURE MERCURY LAMP 50: LOW PRESSURE MERCURY LAMP 55:

OZONE- LESS H GH PRESSURE MERCURY LAMP 56: LI GHT SHI ELDI NG PLATE 70:
SUBSTRATE 70a: OXI DI ZED REG ON SELECTED ON SUBSTRATE 71: RESI ST

out the ToRtert Tt [ 60571 WA RBE of Ot ST Rg: S LbSEehte. accor ding

to the present invention involves allowing a target substance to be
present in an aqueous sol ution containing nitrous oxide (N20O and
irradiating the aqueous solution with Iight having a wavel engt h of
at | eaflesiprierof eSybolgi ssoci ate N20 for oxi dation of the
target substance. Hereinafter, the oxidation nmethod wll be

descri bexb3gl det ai |1, 2 10X OBBioMDAPRARATUST the target substance
requires sone oxidation active species and the target substance to

be present in the samR syst efdnytATgener al , various oxidation active
species are present, and exanples thereof include hydrogen peroxide

(H202) , ozone (E%%%{ é&pe%§éhgiuéégg)SO%@ﬁfgﬁgt oxygen (102) , a
42,

hydr oxy radi cal and 0XYygen hose speci es each have

di fferent
43: SUPPORT OF SILICON WAFER

20: HIGH PRESSURE MERCURY LAMP

50: LOW PRESSURE MERCURY LAMP

55: OZONE-LESS HIGH PRESSURE MERCURY LAMP
56: LIGHT SHIELDING PLATE

70: SUBSTRATE

70a: OXIDIZED REGION SELECTED ON SUBSTRATE
71: RESIST LAYER

72: MASK (RETICLE)

73: PRIMARY LAYER

Best Mode for carrying out the Invention

[0037] A method of oxidizing a substance according to the
present invention involves allowing a target substance to be present
in anaqueous solution containingnitrous oxide (N,0) and irradiating
the aqueous solution with light having a wavelength of at least
240nmor less todissociate N,0 for oxidation of the target substance.

Hereinafter, the oxidation method will be described in detail.
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oxi di zi ng power. For oxidation of the target substance, it is

obvi ousl y advant ageous that oxidizing power of the oxidation active
speci es be high. Thus, the inventors of the present invention have
conducted studies regarding a nethod of oxidizing a target substance

by usi m c ox icchyi i datd jve Gi 8S
havi ng@eﬁ/ﬂhi gh oxi :hé%%o%\gﬁ\%lef? tbgoggﬁ%\/\ev%%g%g{dﬁ ué%ggl ﬁ%ve'some
been conducted regarding a pethod_ of oxidizing a target substance b%(t

i 1 r adi QAR RRE DG RPN AR WRESFE W ERSTRYRE, CgeRer REFAG

atom c oxygen (0) in the water, and allow ng the target substance to
be presentthensthe ssseem. Fimtdenerab, detrdidusd oikiidditigsn hatdvieeepecies
reported regarding effectiveness of this nmethod. [0040] Wth a

speci alarexpepkiedR, M/ edtsnpldglehesebs!indi s tiy@iregdlypenrekie (H.0,),
transferred fromenergy of light received by a substance present in

a Vi Cl D Jon (ol L InR Q8 it (8119 SBERLRbe BXRRRI (%)) oL 8hRldky radical

phot osensiti zed decdnposition of mercury in Ich:”"a mercury “vapor

is allo to bhe. present in a pha containing _nitrous oi.ﬁ X

the gast pithse T8 T Gty TP R gha hoEE P BeEsRTer e ReREUPy o AL S ERE

excited state; and energy is provided to nitrous oxide frommercury,

in the ¥tz EtRPECYor BPEsBELERFOAN Bfnitheotsdste. SWPREAMRI alt 18

exception is described in R Sinonaitis, Raynond |I. G eenberg,

Jul i an disriokbely atdvae tRigecolsyshat oxiNiZ iag pwd 8D fAthad B4 i active

I nternational Journal of Chem cal Kinetics, Vol. 4 (1972), pp.

497-51%pecies be high. Thus, the inventors of the present invention have
conducted studies regarding a method of oxidizing a target substance
by using atomic oxygen (0), which is an oxidation active species
having very high oxidizing power.
[0039] However, no studies have been conducted regarding a
method of oxidizing a target substance by irradiating nitrous oxide
dissolved in water with light, generating atomic oxygen (O) in the
water, and allowing the target substance to be present in the water.
Further, no detailed findings have been reported regarding
effectiveness of this method.
[0040] With a special exception, nitrous oxide is not
dissociated by energy transferred from energy of light received
by a substance present in a vicinity of nitrous oxide. The special
exception refers to photosensitized decomposition of mercury in

which: a mercury vapor is allowed to be present in a gas phase

containing nitrous oxide; the gas phase is irradiated with light
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[0041] That is, in general, dissociation of nitrous oxide is a
phenonenon caused by an N20 nol ecule directly receiving energy of

| ight, and the phenonenon basically occurs in a gas phase or water.
In this way, the inventors of the present invention have reached an

i dea thay &%ﬁ&fﬂ ahd Q0 fHdd Qs é%&ﬂi%cfaé’cit%;Caéfﬁle%ne;ﬂ';?ritsa})rovided

irradiation of light even in water and that oxidation o get

substance _can be real.ized by atom c.0 en _(Q) used b t.he s

i SS0CTER PUEORS ELEF T D5ra vai Bt CLis BLat B oo o pgreiation
w th 0>240 nm and for dissociation of N20 into N2 and O, |ight o
havi ng ofanihavensmgtifenf Fhesapamhalsexesptben Ip0eszr iBadinR . Sdmonaitis,
of Anaesthesia, 1972, 44(4), 310 reports absorption spectra of

ni t r ouRDytholed i . aGHeenpiage Fulli s t Holsk D fe" The Badteslyahsd ¢heN,0 at
report describes that a maxi num absorbance is at a wavel ength of 190

nm [ 0043]; Ry he gafooR »appheprhat LofSE AFPPShd 1 WF ShefiildQUikinexkes,
dissolved in water, it is desired that |ight be not absorbed by

wat er aﬂglpngt&g%géggEéE§e4@p§g&9¢d by nitrous oxide. Light

absor ption’ by ( i S known to have a peak at 167 nm and 19

thus light having a wavel ength Ion%er than at .| east the Maveleng}h ,
of the g%%%lls desi TRdF L § r FAIPSPES 2 LEr OGP ERBARF ABAL AF MRy Oxide is

di scl osed in Exanpl es described below, |ight having a wavel ength of
173 nm arphereneérodesivadiyby raadift a¢liegulsyddrestilyg reicglitving energy
absorption by water. [0044] A concentration of N20 to be dissolved in
water mStlight, and the phenomenon basically occurs in a gas phase or
water. In this way, the inventors of the present invention have
reached an idea that dissociation of nitrous oxide can be caused
under irradiation of light even in water and that oxidation of a
target substance can be realized by atomic oxygen (O) caused by
thedissociation. Asdescribedabove, nitrousoxide absorbsnolight
with @>240 nm, and for dissociation of N,O0 into N, and O, light having
a wavelength of B<240 nm is desired.
[0042] British Journal of Anaesthesia, 1972, 44 (4), 310 reports
absorption spectra of nitrous oxide in a gas phase and nitrous oxide
in water, and the report describes that a maximum absorbance is
at a wavelength of 190 nm.
[0043] Meanwhile, for appropriate decomposition of nitrous
oxide dissolved in water, it is desired that light be not absorbed

by water and most of light be absorbed by nitrous oxide. Light

absorption by water (H;0) is known to have a peak at 167 nm, and
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be 10 ppmor nore for obtaining sufficient effects. A high
concentration |l eads to an increased oxidation rate and all ows
oxidation in a short period of tinme. However, in consideration of
effects of concentration change due to generation of bubbles or

di ssi pat of iLnt o an e tQlr Lat.l
at rmspﬁéellrnl?% lplr%kg%t(ngr‘_’lé'f]JL rf%% ‘é’%{r{ggégggbi lcf?lIrr11 %pre e?‘ﬁ&b??g%?o%%ga%%’eﬁo%rngth
| ess, nore preferably 100 ppm.to 4,000 pp and nost preferably 500
ppm to A Oégepﬁﬁ\ak[ G@4§185Ar@é%¥ﬁerléi%a§ferga sEFQM SPEFHMEN g results
ni trous oxide causing oxidation nust be 1C or higher in

consi dedascbosefl ehfBxasples descdibedabde bow pfliglterhaviirey ta meeredtemge h
t hereof nust be 99C or lower in consideration of effects of boiling

of wategr 1Mz ARANSkARLRLI @B @tesar@%qsycq@r%@ti@rt@cﬁ%&olstﬂgiﬂﬂés)éing light
concentration with increasing tenperature and a reduced oxi dation

rate w o Iy A [0 I ture of a substance to be oxidized itself,
a terrpe%g?é? EEangg i%gle%%gf erably 3Cto 70C, and nore preferably 5C

to 60C. &0046] As ressure_of an atposphere to be brought into
contact ORFEh a sol &t PORCPBFTBRAAht Por -G Udts ot SRR reh ks qust
a certain 20 reduced pressure or at a certain increased pressure.
Howeverbet Hd pPBs Q¥ enpse plereradltgindedt suffacissphafifegressube iigh
consi deration of dissipation of nitrous oxide fromwater due to
reducedcpnesatiratdnd diessid vimganf iaerebmesphetidatgas | nanat endded lows
toi ncreasedpressure. In the case where an |light transmtting member
or the bkkgat$oHsed 4 @Hyr@veBlidhr 8£1t RNt agbwaekweeintfehSidkd Ofbn of
effects of concentration change due to generation of bubbles or
dissipation of N,O into an atmosphere under photoirradiation at an
atmospheric pressure, the concentration is preferably 5,000 ppm
or less, more preferably 100 ppm to 4,000 ppm, and most preferably
500 ppm to 3,000 ppm.
[0045] A temperature of a solution containing nitrous oxide
causing oxidation must be 1°C or higher in consideration of effects
of solidification of water. The temperature thereof must be 99°C
or lower in consideration of effects of boiling of water. 1In
consideration of a reduced saturated solubility concentration with
increasing temperature and a reduced oxidation rate with reducing
temperature of a substance to be oxidized itself, a temperature
range is preferably 3°C to 70°C, and more preferably 5°C to 60°C.

[0046] As a pressure of an atmosphere to be brought into contact

with a solution for oxidation, oxidation may be realized at a certain
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and the atnospheric gas, the atnospheric pressure need not be at
about an atnospheric pressure. [0047] However, for preventing
reduction in lum nance due to |ight absorption by an oxygen nol ecul e
in an atnosphere before light emtted froma |ight source and having

a wavel ength of 240 nmor |ess is i,njected into a solution or

or eventT REGRAGRTBIF DP o2brfb CoTF ATh BCRGRREBPT PR VT ght IDIFERF e
the solution may be controlled to about an atnospheric pressure with
an i nerpre@sureur ther prefezelpdyl @dwyuwn ampl cgtmgspheryht pressure in
transmtting nmenber may be arranged in an arbitrary space between

the soledh®#ndendtibs bEghissOpaeeonobf hherbughbxsaer eomt sl rma@yuebeo
arranged in the solution together wth the substance. [0048]

Accor di a0 i e AL ESRNarl MBELID1 10 R APLYRR s basoliitter aue

ni trous oxi de, e solvent having an~a Ity transnitting to

l'ight at a_wavel ength of 240 nmqr less |s_preferred Preterred
exanpl o< SPCERESEFRAGRYTRT udd TR S75C HBERERG | LAt hGkan ot EL1ng menber
i sopropanol, nethyl cycl ohexane, cycl ohexane, acetonitrile, hexane, |

di oxanelr gty driikfe 1 snupedaife PreiviEiitoAdkecChafentafl Refevgek&hangodution
21 having a high ability of transmtting light at a wavel ength around
190 nm asdpth¢i zuhasplyepiefers edchg GO@}sphebird nyiegpute readditnadn be at
containing nitrous oxide into contact with the substance for

phot oi rgggiat gﬁnathbgpggbgba@g@sgﬁye_be i mersed or dissolved in a

liquid of the solution contarning nitrous oxide. Alternatively, the

subst ant:gogrg}/ be brﬁb'xg@{rejrpt&r preventing reduction in luminance due to
light absorption by an oxygen molecule in an atmosphere before light
emitted from a light source and having a wavelength of 240 nm or
less is injected into a solution or preventing generation of ozone,
a space between the 1light source and the solution may be controlled
to about an atmosphericpressurewithaninert gas. Further, avacuum
region employing a light transmitting member may be arranged in
an arbitrary space between the solution and the light source, or
the light source itself may be arranged in the solution together
with the substance.
[0048] According to the present invention, as a solvent for
dissolving nitrous oxide, the solvent having an ability of
transmitting to light at a wavelength of 240 nm or less is preferred.
Preferred examples of the solvent include water, methanol, ethanol,

isopropanol, methylcyclohexane, cyclohexane, acetonitrile, hexane,

dioxane, glycerine, n-petane, dichloromethane, and the 1ike. Water
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contact with droplets of the solution containing nitrous oxide.
Further, the solution containing nitrous oxide may be dropped on the
substance to be rotated. [0050] According to the present invention, a
substance to be subjected to oxidation nmay be a substance with a

h t f. di.ssol t |, ut t it
o do. HRYE, B SERarh 1t o P, aReRaRBatty PR e A p el ePE g e

dissolving into a solutlon contalnlng nitrous oxi de dissol ved

t herei A90 Exaf @awWflaHarbaraferedi ng a characteristic of not

di ssolving into a solution containing nitrous oxide dissolved

t her ei roioadjude siln BohngfhyiieIFo 1E@AREN coht 8bniAgNTittdidbixide into
tantalum silver, zirconium tungsten, chrom um nnlybdenun1 ni ckel ,

haf ni U tg@@@tmh@' 48 ol b o@&fﬁ?‘é&'ﬂtf‘ AWHdQubstance may

| ant hanum cerium cob a t vana nanganese, al[ium ger mani um
i ndi u ti.n

' nel ud® lt"Wberﬁse(fl o, 151%10 \ﬁe&lpjrrésaedjin %n?# %nu%% fa alﬁ‘ é‘ﬁ’f‘talnlng

i rradi atl on of the solution containi ng ni trous oxi de dissol ved ,

t her ei B1tRS SiteancAlierartdivedy bilgt FRPEFAGCSt BAY CPBXHHERIED Hero
generated 22 in the solution. Thus, as a procedure for conducting

oxi dat icomtactheviddi utrapl etral Qﬁwd:kmbsn]ambomazyomleamim@rmitm@s oxide.
contact with each other, and the whole nmay be irradiated with W

l'i ght. Fu‘isltt}ﬁiﬂatﬂhée'sbldtfi%rﬁ@lbilft&ﬁ@ﬂr@hllﬁQdu@ astiidieelayi bB &oppedten
and the solution may be brought into contact with the substance, to

t her eby ke, sich &t ate gdhatod g gol ution is irradiated with W

[0050] According to the present invention, a substance to be
subjected to oxidation may be a substance with a characteristic
of dissolving into a solution containing nitrous oxide dissolved
therein, or a substance with a characteristic of not dissolving
into a solution containing nitrous oxide dissolved therein.
Examples of the substance having a characteristic of not dissolving
into a solution containing nitrous oxide dissolved therein include
silicon, aluminum, copper, iron, zinc, titanium, tantalum, silver,
zirconium, tungsten, chromium, molybdenum, nickel, hafnium,
ruthenium, niobium, yttrium, scandium, neodymium, lanthanum, cerium,
cobalt, wvanadium, manganese, gallium, germanium,. indium, tin,
rhodium, palladium, cadmium, antimony, or alloys including them.
[0051] In the present invention, upon UV light irradiation of
the solution containing nitrous oxide dissolved therein, the

substance is oxidized by utilizing atomic oxygen to be generated
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light. Further, the solution may be irradiated with UV |ight, and

t he substance may be brought into contact with the sol ution.

Exanpl es [ 0052] As descri bed above, dissociation of nitrous oxide may
be caused even in water under irradiation of |ight having a

wavel engt h . of 240 nm or J ess, and a _subsiance can be oxi.di zed .w_th
Aron ¢ Sy SEEYE Sdhar AIBE 1 iRy PR S Fa Ao SRR, g idat Ton,
photoirradiation while controlling a light irradiation region allows
oxi dat i BRe opolut deni ard EBEi SHbStanceumayr e baovght Hate sentact migh
present invention will be described in detail by way of exanples.

[ 0053] e&¥hdajtiy deandpasid | ahodk nedybenei blragratedypiicdl B¥anilght.
of a nethod used for evaluating oxidizing power of a photocatal yst

IS oxi dﬁiEQPnQEE?QE?§i thens q@ﬁ@alrﬁaﬁ bgib&y%ad&/sft@ﬁl {REnve ghd)| Yea

as an aqueous solutfon. The bl ue col sappears and the aqueous

sol uti on,_beco .col or| ess on oxidation.  For evaluating_oxidizing
pover ofPS EROEBAGRANG¥: De,SERRARE FATCa BB AR of I o e eRE s o&O
(10 pp aqueous solution at 665 nmis generallyneasured. Reduction
of an abB8¥BRMcBAbE FHENMEERFPetEat2ENg §OLUEAPpHS dGTecdStest (itdn UV
at 665 nmto about 10% of an initial absorbance generally requires
about skvghbl tRwsthénuttds selsdienanayhomdredgsiistad edth UW hight, and
phot ocatal yst. [0054] Fig. 1 is a schematic diagram of an

experi nepeakubappatat wayf e bevdigeli Agtexicdatizet GEEeNReR lsiodfitdlon .
nmet hyl ene blue. The experinental apparatus includes a container 10

having pRempRes

[0052] As described above, dissociation of nitrous oxide may
be caused even inwater under irradiationof light havinga wavelength
of 240 nm or less, and a substance can be oxidized with atomic oxygen
(O) generated through the dissociation. Further, photoirradiation
while controlling a light irradiation region allows oxidation of
a defined region of a substrate alone. Hereinafter, the present
invention will be described in detail by way of examples.
[0053] <Oxidation decomposition of methylene blue>

A typical example of a method used for evaluating oxidizing
power of a photocatalyst is oxidation decomposition of methylene
blue. Methylene blue is blue as an aqueous solution. The bluecolor
disappears and the aqueous solution becomes colorlessupon oxidation.
For evaluating oxidizing power of a photocatalyst, a change in
absorbance of a methylene blue (10 ppm) agqueous solution at 665

nmisgenerallymeasured. Reductionofanabsorbanceofthemethylene
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surface, and a high pressure nmercury lanp 20 arranged directly above
t he contai ner 10. The high pressure nercury lanmp 20 emts |ight

i ncluding a wavel ength of at |east 240 nmor |ess and has an out put
of 1,200 W The high pressure mercury lanp 20 is arranged close to
t he co |ne ch that t _of the [ at.e sur f.ac S 5
of the REAFal HOPEIY. SAHEARS EOREATRRIAS 6ot ReE AL BoFeCEctfodaa 1
solutlon 30 contalnlng met hyl ene bl ue (10 ppm and nitrous oxide

di ssol ve@dserbpreFA 9en9Ea ]} by repudsse apeut Bevera lgreps miivitiasgto several
experinmental results of oxidation deconposition of nethylene blue
obt ai neduhiiredsngihbeesexiet Bephaltcappangists shown in Fig. 1. In
this case, about 1,000 ppmof nitrous oxide is dissolved. In the

graph, g@ppggizontal paxis 1 rfgr%se&ﬁebﬁa@f@t aaaco;?%atapn ﬁw e#é? tal

and a vertical axis epresents an absorbance t he net

aqueous_sol ut i at 665 nm. Li t transmittance. (T entgﬁ‘
by o meReRAE O8I s PRase SR e L Be b B b, Oeﬁowsﬁéxisae
mat hemat i cal expression 2, where |i _represents an intensity of |ight

i nj ect ednej FFREHIBEPB'? LARPERE YD INEIIEEENR LA NS Payingi %‘Pﬁ open
ejected 24 fromthe substance. [0056] [Math 1] | x 100 =T
(transnsurfiace) avid hemegh paleseamessstronryt lamp 2M@irira2iged directly above

the container 10. The high pressure mercury lamp 20 emits light
including a wavelength of at least 240 nm or less and has an output
of 1,200 W. The high pressure mercury lamp 20 is arranged close
tothe container 10 such that 1ight of the lamp irradiates all surfaces
of the container 10. In the container 10, a methylene blue aqueous
solution 30 containing methylene blue (10 ppm) and nitrous oxide
dissolved therein is filled.

[0055] Fig. 2 is a graph showing experimental results of
oxidation decomposition of methylene blue obtained by using the
experimental apparatus shown in Fig. 1. In this case, about 1,000
ppm of nitrous oxide is dissolved. 1In the graph, a horizontal axis
represents a photoirradiation time (min), and a vertical axis
represents an absorbance of the methylene blue aqueous solution
at 665 nm. Light transmittance (T) is represented by a mathematical
expression 1 and an absorbance is represented by a mathematical
expression 2, where I; represents an intensity of light injected

into a substance and I, represents an intensity of light ejected
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T - log- = A(absorbance) Mathematical expression 2 100 [0057] The
graph of Fig. 2 confirmed that about 50% of methylene blue was
deconposed with an irradiation tinme of 1 mn, and about 90% of

nmet hyl ene bl ue was deconposed with an irradiation time of 3 mn.

[ 0058] _Fig. IS raph showi ng results of an oxidation
deconpgﬁﬁﬁ(ﬁ%%ﬂﬁﬁbéﬁﬁﬁﬁebf net hyl ene bl ue obtai ned by using the
experinmental apparatus shown in Fig. 1 in the case where an aqueous
sol uti d®0&#t ai ni ndMadtthylllene bl ue (10 ppm) and helium (He, about 16
ppnm) dissolved therein is used, and showi ng a rel ationship between
irradiation time (mn) and absorbance of a nethyl ene bl ue aqueous

sol uti ae at1EOS PMerbPER tHeldeym ( HehthematWelall khi@medgienri gas and
is knowh to absorb no light at 665 nm For conparison with nitrous
oxi de-di ssol ved water, helium (He) was forcibly dissolved in water
for remﬁyiggégir conponents (such as N2, 02, and C02) dissolved in
wat er 0 e ed. The graph of Fig. 3 revealed that the results
differ fromthe results (shown in Fig. 2) of the case where nitrous
25 oxi de-di sgol ved water was used. Substantially no deconposition was
confi r nedogi-tir anAi(eksdirdansielt i me oMathemat iged wopnasshiaretzyl ene
bl ue was deconiposed with an irradiation time of 3 mn. That is,
conpari son between Fig. 2 and Fig. 3 confirned that nethyl ene blue

[0057] The graph of Fig. 2 confirmed that about 50% of methylene

blue was decomposed with an irradiation time of 1 min, and about
90% of methylene blue was decomposed with an irradiation time of
3 min.

[0058] Fig. 3 is a graph showing results of an oxidation
decomposition experiment of methylene blue obtained by using the
experimental apparatus shown in Fig. 1 in the case where an aqueous
solution containing methylene blue (10 ppm) and helium (He, about
16 ppm) dissolved therein is used, and showing a relationship between
irradiation time (min) and absorbance of a methylene blue aqueous
solution at 665 nm.

[o059] Helium (He) is a well known inert gas and is known to
absorb no 1light at 665 nm. For comparison with nitrous
oxide-dissolved water, helium (He) was forcibly dissolved in water
for removing air components (such as N,, 0,, and CO,;) dissolved in
water to be used. The graph of Fig. 3 revealed that the results

differ from the results (shown in Fig. 2) of the case where nitrous
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can be oxidi zed and deconposed under photoirradiation of nitrous
oxide. [0060] Fig. 4 is a graph showng a relationship between tine
and absorbance at 665 nm of a nethyl ene bl ue aqueous sol ution 30
| eft standi ng obtained by using the experinental apparatus shown in

Ut ned LA SRR BB 14 28 e ont SPRER R Ny BB drsiiapi Cion vas

nitrous oxi de di ssol ved therein, but the results confirned that the
absor baed iamesd ¥ i dndiradictahee tdyen oif 1 erin handdqueo micomgt hphene
was | eft standing for 60 mn in the absence of irradiation of |ight
havi ng ra e wel £/ donfo 24D wintoran eissradididis, t e Rer isaiirhet weaR is,
Fig. 2 and Fig. 4 confirned that nethyl ene blue was not oxidized and

deconp p I t i t

[0061] FrPaTed ab"’eb%grapﬁiﬂeé’% 2R A 3 A R IR @tk ene blue
met hyl ene ue _agueou |on at 5 n1ob ai_ned

expor | Tt B SRTAAIS b s crEBies S pridesy PLOERIE-aHiPE PheoRqnabagus
solution 30 was irradiated with W Ilght by t he high pressure nercury
| anp 20@%X%df- UV light irradiation of the aqueous solution 30 was
stopped after 0.5 mn, and the aqueous solution 30 was irradiated

with UMadght agai Fiadt er isddi graphl sHowmimg &rhe lgrtdpmsdfipFbgtween26ime
confirmed that: nethylene blue in the aqueous sol uti on was deconposed

wWith stadd fsd¥ddedd dt rewl ain OF adeeemyasd onuef afakbrkese1tien 30
stopped for 1 min after the Wlight irradiation was stopped; and

after tnat, AeGOIPQS! Il Mla By E181e u%)@%%%e‘ﬁf‘ttali 3pb§3YTRY' 8Aown

in Fig. 1 in the case where a high pressure mercury lamp 20 was
not turned on. The aqueous solution 30 contains methylene blue and
nitrous oxide dissolved therein, but the results confirmed that
the absorbance at 665 nmdidnot change even after the aqueous solution
was left standing for 60 min in the absence of irradiation of light
having a wavelength of 240 nm or less. That is, comparison between
Fig. 2 and Fig. 4 confirmed that methylene blue was not oxidized
and decomposed in the absence of photoirradiation of nitrous oxide.
[0061] Fig. 5 is a graph showing a change in absorbance of a
methylene blue aqueous solution at 665 nm obtained by using the
experimental apparatus shown in Fig. 1 in the case where the aqueous
solution 30 was irradiated with UV 1light by the high pressure mercury
lamp 20, the UV light irradiation of the aqueous solution 30 was
stopped after 0.5 min, and the aqueous solution 30 was irradiated

with UV light again after additional 1 min. The graph of Fig. 5
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of the UV light irradiation. In this way, the results confirned that
a substance oxidation tinme can be controlled by selecting a UV |ight
irradiation tinme. [0062] The experinments (shown in Figs. 2 to 5)

descri bed above were all conducted at roomtenperature (about 24C).
The results. con roed t ent inventi su

oxi dat 1R HTTEA EaR e 1Ty BSa) Eare e R SRty 1t nes 4B sea
irradiation tine. In the present invention, the |ife of atomc

oxygen Wit etprdheftUvV 1&H@tgb¥|’é$@%$’éh°%f GRCSIRE SHHyigeh OF tegish kese PAme
W light irradiation stops. Thus, stopping of the UV |ight

i rradi adtoppedbsant nald yaftiettdi:hatev Bigippi ingraodi oxd clatwaan . stlapgdte and
experinents, the high pressure nercury |anp 20 was used as a |ight

source JPEef“tflﬁa‘%C' aébaﬂ?o@,hft&%%PMe%’yﬂé&'ﬁe Blhé HYga3PWE ER £>£Cé|s‘<h%@gon
the high pressure nercu | anp can be used as long as the Ilg

source epmit.s I n 240 nm. or

had an 9 t%u? Ih?h}l S;Z]%E) l%%@%a <i}nha\g}‘r[ &‘sf '8y éntt utr%ffs‘llftg Con%ngmed
reali zi ng oxi dation deconposition., In the case where the sane

i s usedthah %xﬁ%‘?%‘hceo%’é%%%@?lﬂ’i“? A ke %r@h%ﬁdaﬁye@ﬁé@%ng a
the output. That is, a small |anp output provides a reduced

oxi dat i G hé@btrpbsr@ﬁd)ﬁtiiane,timand a large | anp output provides an

i ncreased oxi dation deconposition 27 rate. The |anp out put nmay

arbitrafoby2be sel echediperararmanetown i Filke .d2do 8l ded @sibed above
deconposition rate. [0063] Fig. 6 is a graph show ng absorption

spectr %Qieaaﬁté&&@uc%%ec FYLROYEMPRLHELPB (AbLLLUSs Xy de gRrNteRl s

of about 1,000 ppm
confirmed that in the present invention, the substance oxidation
time can be controlled by selecting the UV light irradiation time.
In the present invention, the life of atomic oxygen is very short,
and generation of atomic oxygen stops when the UV 1light irradiation
stops. Thus, stopping of the UV light irradiation substantially
indicates stopping of oxidation. 1In the experiments, the high
pressure mercury lamp 20 was used as a light source for dissociating
nitrous oxide, but a 1ight source excluding the high pressure mercury
lamp can be used as long as the light source emits light having
a wavelength of 240 nm or less. The lamp had an output of 1,200
W but may have a different output for realizing oxidation
decomposition. Inthe case where the same lamp isused, anoxidation
decomposition rate is generally affected by the output. That is,

a small lamp output provides a reduced oxidation decomposition rate,

and a large lamp output provides an increased oxidation decomposition
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under UV light irradiation by using the experinental apparatus of

Fig. 1. In this case, the container contains no nethylene blue. A
hori zontal axis represents a neasurenent wavel ength region of 200 to
340 nm and a vertical axis represents an absorbance. Each of curves
Cl to C3 represents an absorbance oL.nitro&s oxi de %NZO& . C3

r epr es&R e ‘an 1865 6ABRNEBCRPL ePaY naF PL LR AL L ¥nPEi fiR BFt89niR, acegrdance
represents an absorbance after 1 mn, and Cl represents an

absor bandd ithe eyt axislat ¥erndieconpoes Moy rapthe r eveal ed t hat

t he absorbance was zero with |ight having a wavel ength of 240 nm or

nore andddy |ight mrs Hals absepbesh®iimd bbsbhpt ibs spddt v@sfreMeateds
that dissociation of nitrous oxide by |ight energy irradiation was

not_congucied [ 0BALoTARLENT (A0PYELE SPARIS L dNE IRUSEAKIIE, 000 pom)

concentration - determned fromt sorbance at a wavel engt
f Fi te that the _nit i d trati
Cal cul PPV ARERrpt BF AT 8C LR FER IO 5 SHReFAPBACA BRPRFASUBIOF

0 as a saturated concentration (value at a water tenperature of 25C)

by a rdl%ti vie v&l tBisf cagen sbSoFpBhRaéNeTheORE3iinEsnPepehlEdenfabplue.

the nitrous oxide concentration was significantly reduced after

irradi & ilorifartdl mxis 28 0O65)t § TabheadirShemgevave N2Ogth region of

concentration obtained fromabsorbance at 0=205 nm Irradiation tine

Absor bange 28 400RRENEA@E 9Brtical axis represents an absorbance. Each
of curves C1 to C3 represents an absorbance of nitrous oxide (N,0).
C3 represents an absorbance after an irradiation time of 3 min,
C2 represents an absorbance after 1 min, and Cl1 represents an
absorbance in the absence of irradiation. The graph revealed that
the absorbance was zero with light having a wavelength of 240 nm
or more and the 1ight was not absorbedatall. Thatis, it was revealed
that dissociation of nitrous oxide by light energy irradiation was
not conducted.
[0064] Table 1 shows a change in nitrous oxide concentration
determined from the absorbance at a wavelength of 205 nm of Fig.
6. Note that the nitrous oxide concentration was calculated by
multiplyinga concentrationat anirradiationtime of 0 asa saturated
concentration (value at a water temperature of 25°C) by a relative
value of each absorbance. The results revealed that the nitrous

oxide concentration was significantly reduced after irradiation

for 3 min.
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(Relative value) O mn 0.11855(100.0% 1068 ppm 1 min 0.06427(54.2%
579 ppm 3 min 0.02227(18.8% 201 ppm *Cal culated by mul tiplying
concentration at 0 mn as saturated concentration (determ ned through
calculation at water tenperature of 25C) by relative val ue of each
absor bapce. [ 0066) omthe experinental results shown in Fig. 6,

subst an 9%§$£ no byﬂé)?lgijﬁcf] of ozone (03) was detected. That is, a
maxi num wavel engt h (omax) of ozone is 260 nm but the absor bance at
260 nm@kange HetXA jaamdeniinatsion «fta b AraroahRaisnas afi [B=3HF nm

waf er > Nex W_W%W
will be destFi® J2EEPY T3MEs a sch&9 PSR r am ofi,cABoAskdAakheAon *

appar at us for_conducting oxi dat i &®lRt1yeiMaI4 wafer  An oxidatiaon
apparatus 1 incl udesnia cont ai ner04D1855¢100+ 8% pressur e10&8 Py | anp
50 arranged directl yniabove t he céEntO&Hi42SH(540.2%The | ow pr esBUrEPm
mercury lanp 50 erd tssini ght i ncl wdioeg 2w veev.edengt h of 2400 nrpmi Iess
and has an_output of 1II0W Preferably, the Tow pressure nercury anp
50 i s af FahgedaE8dcbys@Udd iRJeing € anFeHer ot Her 04018y &8 S@ﬁé‘trated
light of the lanmp irradiates all surfaces of the container 40. 29
[ 0068] dbmeceonhrathen éiktawhitesd thrdagbucd boebat bohattt eatsurteaperature
and an open upper surface, and is fornmed of Teflon (registered

of 25°C) by relative value of each absorbance.

[0066] From the experimental results shown in Fig. 6,
substantially no by-product of ozone (0;) was detected. That is,
a maximum wavelength (mmax) of ozone is 260 nm, but the absorbance
at 260 nm was at detection limit or less.
[0067] <Oxidation of silicon wafers

Next, experimental results of oxidation of a silicon wafer
will be described. Fig. 7 is a schematic diagram of an oxidation
apparatus for conducting oxidation of a siliconwafer. Anoxidation
apparatus 1 includes a container 40, and a low pressure mercury
lamp 50 arranged directly above the container 40. The low pressure
mercury lamp 50 emits light including a wavelength of 240 nm or
less and has anoutput of 110W. Preferably, the lowpressure mercury
lamp 50 is arranged as close as possible to the container 40 such
that light of the lamp irradiates all surfaces of the container

40.
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trademark), for exanple. Protrusions 42 each having a certain height
are formed on the bottom surface of the container 40, and a back
surface of a silicon wafer Wis supported by the protrusions 42. An
aqueous solution 60 containing nitrous oxide to be filled in t he

oo 2 15,89, oot o AROH1n 0 18, G008 PGB LL0US 3 T,

ni trous oxi de aqueous solutlon 60 is filled in the container 40 such
t hat t R&Sidn RPEMaRRPEY BErERCEr epdaid Jigmmead «f | JefhoRr §$e8Jistared
this exanple, as a silicon wafer to be oxidized, an oxide present on

its surfracknaask)refor esaniplle .a hydtegemoﬁbmrémhqueﬁgs@@&wimneignt
advance is used. [0069] Fig. 8 is a graph show ng results of

oxi dat i,qnofr A-nid 'oquhew@oecrtoqpfs@r&%@ebxst%hegcbh%a%eqahbonand a back

apparatus shown in |g 7, d shows a rel atlonshlp bet weén
phot0|rra atio rese ed. . by a hori t LS_an L ckne
(A of SEHGET A MrdeRe V55w BgreRaFen By, ?éseprogrusms 82.
represent edbyavertical axis. The thij ckness of the oxide film

det er m%d‘cﬂﬁ%{ﬁgtﬁ%@% rﬁ%n‘é‘l”%‘?%nbﬁg SP?‘bro‘é%e%i‘%@?n Fﬁr%ﬁgﬁlkl‘?%yln
phot oel ectron spectroscopy (XPS). This nethod is described in
Kazuakitiek ggatadkiex #Ooconteassrairmit Oofls 41t AFEkpRs aff na trious oride.
surface oxide filmby X-ray photoel ectron spectroscopy"”, Bunseki

Kagaku,Theolsil4Gord IRFEr woRs 89tah86d Ihechdragt Difnd+t 30,8 ag@dnthefethe
that an oxide filmw th a thickness of 30 about 6 A was fornmed after

gf pggggitfﬁxgﬂiétdﬁl% ﬁ%@%xfx%e%%gutﬁ&q c@NiOXEge1Lh! ThWRHD BohPhEKOESS0
such that the silicon wafer Wis entirely and sufficiently immersed.
In this example, as a silicon wafer to be oxidized, an oxide present
on its surface has removed with a hydrogen fluoride aqueous solution
in advance is used.
[0069] Fig. 8 isagraphshowingresultsof oxidationofasilicon
wafer obtained by using the oxidation apparatus shown in Fig. 7,
and shows a relationship between photoirradiation time represented
by a horizontal axis and thickness (A) of an oxide film formed on
asiliconwafer surfacerepresentedbyaverticalaxis. Thethickness
of the oxide film was determined through waveform analysis of Si2p
spectrum through X-ray photoelectron spectroscopy (XPS). This
method is described in Kazuaki Okuda, Akio Ito, "Measurement of
a thickness of a thin metal surface oxide film by X-ray photoelectron

spectroscopy", Bunseki Kagaku, vol. 40, (1991), pp. 691-696. The

graph of Fig. 8 confirmed that an oxide film with a thickness of
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photoirradiation time of 3 min. [0070] Fig. 9 is a graph showi ng a
rel ati onship between photoirradiation tinme and thickness of an oxide
filmfornmed on a silicon wafer surface by using the oxidation
apparatus shown in Fig. 7 in the case where the silicon wafer W has

been oxbdiuzed Bswag forted afiekirue paotentratiiabovh t6mppBE 1 min, and
containing helium (He) dissolved therein. For conparison with

or hel fun sol ved corpar |
vt cr P37 RSy ifig e panert e (Lot R, 16 S Rpbfea’ etE

di ssolved in the water to, bes%ysed., The graph of Fig. 9 reveal ed that
an oxi BEOHATRAAI R E itk Rt MM y about 1 A was forned after an

irradiation time of 1 min and an oxide filmwth a thickness of only
about 20R7Rds for m#ig.af §erisama i graphatdlmwirigreaofred atiipnstuipabe sveen
with Fig. 8 confirmed that the oxide filmcan efficiently be forned

on t hephiwtfodaa anfiativh siine emavaitgickidy=oughan Bk deotitamt foirmBdt bR a
water by irradiating nitrous oxide in the water with light. [0071]

The oxisdatic (airun é&f&&é-b)(? 1%y SHe (L §atiSONapYRELEu¥RSHEIh in
conducted at roomtenperature (about™24C). In the oxXidation, the | ow

pr essutg Jreqcur vl amp a0, uas. U3edsa3s gobl e, SOHLES.dA1 i a3galalligg
ni t rous 6xi de; " but® a Irght ~'sout ce~excludi ng he 'T'OwW pressure “imer Cury
| anp can be used. as long as the light source emts |ight having a

wavel eM@teTof (B2bIWH 6PDEERS. ofheliolip bbit BER) $PaYranS thekify pde)

changed and may have an output excluding 110 Wfor realizing
oxi dat iddrs stdomthasherain . | Fathe ausy vdmr evitle mHmeous oxide-dissolved

water, helium was forcibly dissolved in the water for removing air
components (such as N, O, and CO;) dissolved in the water to be
used. ThegraphofFig. 9revealedthat anoxide filmwitha thickness
of only about 1 A was formed after an irradiation time of 1 min
and an oxide film with a thickness of only about 2 A was formed
after an irradiationtime of 3min. ComparisonwithFig. 8 confirmed
that the oxide film can efficiently be formed on the surface of
the silicon wafer Wbrought into contact with the water by irradiating
nitrous oxide in the water with light.

[0071] The oxidation (shown in Figs. 8 or 9) of the silicon
wafer was all conducted at room temperature (about 24°C). 1In the
oxidation, the low pressure mercury lamp 50 was used as a light
source for dissociating nitrous oxide, but a light source excluding
the low pressure mercury lamp can be used as long as the 1light source

emits light having a wavelength of 240 nm or less. The lamp output
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| anp is used, an oxidation deconposition rate is generally affected
by the output. That is, a small |anp output provides a reduced

oxi dati on deconposition rate, and a large |anp output provides an

i ncreased oxi dati on deconposition rate. The | anp out put nmay

arbitrarily be, selected, in accordance with the desired oxidatio
oo &Y Shoi B 8T S Hows] cBRGIeToAng Hayr AN e ROnHE B o SHaR ST gt 110
the oxide film on the silicon wafer Wby using the oxidation
appar atWigoaf rea i zingiox itdat icgsdeghupesaniqiueols tiel e sewheoe bhaisage
vari ous gases dissolved therein was used. A horizontal axis

repr esepddp Wd ugbl, af lcadiceidion 8&8BmpoED})iocANthite Vel féia@taBXyaffected
represents oxide film thickness (A . An ozone-less high pressure

TET CUrViod S0REYBACHARY. #aB LhONL sRUISC1bAOZIL AR Lheviata Gequcea

X, G3, sol utions contal ning an inert

as (such, as,_He 2, or Ar)., respectively The, graph reveal ed t hat
R00- o ot JRtinaneRehatbas L ham T S Ah Py aF Se ok OR PBr e TGRS an
those of the other kinds of gas-dissolved water. The thickness of

t he oxi HeCrepfrdf tetidation aaﬁéﬂnﬁﬁsf-tﬁ@nofraﬂ% n Thas 1amp f gUtRRD M3y
Afor 02, 2 Afor air, and 1 to 2 Afor He, N2, or Ar. [0074] One
fact or dobiteduciiyohei pedbactadi on acterdamee witth the rdediiatdboxtiidas ion
is reduction in concentration of an oxidation active 32 species
presentdéBompbsitidRugatienj ection of unused nitrous oxide into the
container 40 for preventing reduction in concentration

[0072] Fig. 10 is a graph showing a behavior of the oxide film
on the silicon wafer W by using the oxidation apparatus of Fig.
7 in the case where an aqueous solution containing various gases
dissolved therein was used. A horizontal axis represents UV light
irradiation time (min), and a vertical axis represents oxide film
thickness (A). An ozone-less high pressure mercury lamp was used
as a light source.

[0073] In the graph, G1, G2, G3, and G4 are solutions containing
N,O, Oz, air, and an inert gas (such as He, N;, or Ar), respectively.
The graphrevealedthat N;O-dissolvedwaterhasasignificantlyhigher
oxidation rate than those of the other kinds of gas-dissolved water.
The thickness of the oxide film after an irradiation time of 1 min
was 6 A for N,0, 3 A for 0,, 2 A for air, and 1 to 2 A for He, N,,
or Ar.

[0074] One factor for reduction in oxidation rate curve with

irradiationtime isreduction inconcentrationof anoxidationactive
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of the oxidation active species in water presunmably suppresses
reduction in oxidation rate. [0075] Next, experinmental results of
silicon wafer oxidation by using an aqueous sol ution contai ni ng
nitrous oxi de, a hydrogen peroxide solution, andozone water in the

wh . . ' Coi p . .
cubj cct SHer Se R hRRe It T ERE R on RS o TS0 o ¥ RRHsRa R Eyg i
Fig. 11 is a schemati diagranl of an oxi dati on apparatus for

G .
conduct tR§CokP8afPBRadPCE &0 iLOFNH PIRAEHT 108 ISHUWFHLBh dprandenrtzation
i ncludes a container 45, an ozone-less high pressure nercury |anp 55
arr angedfdithectdxyi delidven adieivonspenees45n antea prgisumshinlel dugpresses
plate 56 for shielding photoirradiation of a defined region of the

si |l i conrygfiekiohhen exanetliess Ritgh pressure nercury lanmp 55 emts
l'ight including a wavelength of 240 nmor |ess. This exanple shows a

wh i hi ' : ; |
ggzgous?égyéwon | ggggg Is%oéi\%P?%&{}?%f %%dﬁ? %[fplg[}??gﬁ?b‘g%lg%? l}%lgdatlon
plate 56 only needs to shiel.d |ight t% be,irradLated to.the a ueous
sol uti oRYi Hsi’ﬁﬁt%&taq%qur? &SR LON PRI % RATF PYRt OXhiler o"i‘ﬂﬁ’ rogen

plate 56 maybe arranged in_the aqueous solution 65, or the |ight

shi el di BgrpKade 56 UrehPn LRNAPEaRGRHaT EdRhacaSRie e reghonrsthsected
Oxi dation of the substrate in the present invention provides no

| i ght eterpihotoithedsabsbnadmd adiregdidrny sabdepted desnd ipjlutt canearagii attd on
nitrous oxide in the solution 33 in contact with the substrate.

Thus, |{abt gdeesined Reeessar He¥crhded .t origacin a $ubsddradnt il f@iRyram

and the aqueous solution in contact
of an oxidation apparatus for conducting oxidation of a silicon
wafer. An oxidation apparatus 2 includes a container 45, an
ozone-less high pressure mercury lamp 55 arranged directly above
the container 45, and a light shielding plate 56 for shielding
photoirradiation of a defined region of the silicon wafer. The
ozone-less high pressure mercury lamp 55 emits light including a
wavelength of 240 nm or less. This example shows a case where the
light shielding plate 56 was arranged above an aqueous solution
65 as shown in Fig. 11, but the light shielding plate 56 only needs
to shield light to be irradiated to the aqueous solution in contact
with a substrate. Thus, the 1ight shieldingplate 56 may be arranged
in the aqueous solution 65, or the light shielding plate 56 may
bearranged incontact withthesubstrate. Oxidationof the substrate

in the present invention provides no light energy to the substrate

directly and provides light energy to nitrous oxide in the solution
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with the substrate may be irradiated with light horizontally such
that no light is directly irradiated to the substrate surface to

di ssoci ate nitrous oxide and oxidize the substrate, for exanple. In
this case, the |ight shi el ding plate may be arranged on a side of

the substrate for sh | dj e, .the present

vent | OR POTFRRF: Toteub CSRPRFEAEC oyl 1y PinHAS T aiRasR Ly
surface as long as no chem cal reaction suppressing oxidation occurs
on the Bavedserefchiresehpicrate surfaeef afjdbzepapeeusos® it hepn 45 contact

i ncl udes side surfaces, abottom surface, and an open upper surface,

and is wtnﬁdhefsm@étmté megr Sect ettadinaedmikh, 1{oht xdPrentally such
Protrusions 43 each having a certain height are forned on the bottom

surfacecghet e §90hel 087 adPecpiyl o hagky sl {80l stier slid s palereo

Wis supporte y~the protrusions 4 An aqueous solution 65 to

filled h 45 . t t b t
0. 19% of 52?#5&%%&?%3%3839&?ﬂ%‘d?%‘éﬁﬁgfﬁy%%%%'%%r%t?f‘aoﬁ' o ot

ozone water. The silicon wafer arranged in the container 45,

and t hefAnt Fl]élﬁqﬁéﬁﬁs Ghe Lk IBH 6‘311:%1d3frig IPé@ti%m?HebéoﬁFéﬁﬁéﬁd@ns%(ﬁide
that the silicon wafer Wis entirely and sufficiently inmersed.

Then, tbhé kthghtsusiteladienf g athei GRliirg larghdngednaleanye aase adquenresent
solution 65 so as to partly cover the silicon wafer. In this

exanpl ein@enai%hl i €@eanaken dwebe foxighiz edentaf10¥i ke diied tBeHidAGate
has renmoved with a hydrogen fluoride aqueous 34 solution in advance

![ Zm‘;:?gt u?gﬂ};@' ds ‘iéh 4 A8 dH&AEENL 828 Son UL S Ad %988t 1 on occurs
on the surface of the substrate itself.
[0076] The container 45 includes sidesurfaces, abottomsurface,
and an open upper surface, and is formed of Teflon (registered
traderﬁark) , forexample. Protrusions43eachhavingacertainheight
are formed on the bottom surface of the container 45, and a back
surface of the silicon wafer W is supported by the protrusions 43.
An aqueous solution 65 to be filled in the container 45 is an aqueous
solution containing about 0.1% of nitrous oxide, a 31% hydrogen
peroxide solution, or 4 ppm ozone water. The silicon wafer W is
arranged in the container 45, and then the aqueous solution 65 is
filled in the container 45 such that the silicon wafer W is entirely
and sufficiently immersed. Then, the light shielding plate 56 is
arranged above the aqueous solution 65 so as to partly cover the

silicon wafer. 1In this example, as a silicon wafer to be oxidized,

an oxide on its surface has removed with a hydrogen fluoride aqueous
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[0077] The thickness of the oxide filmon the silicon wafer W

i mmersed in about 0.1% N20-di ssol ved water was 4.5 Ain a region
subj ected to photoirradi ati on. However, the thickness thereof was a
detection limt (0.1-A) or less in a region subjected to no

phot oi r i ation, a i dati g n pr.agee
t hi cknegscgﬂ%%(%rﬁeigx %@(ﬁ?‘lcl%m ilér)ln’tl'f%éegslgglﬁly3§iglge%(%c§ea}€%<+%egg§?5??8ﬁS are
was 3.7 Ain the region subjected to photoirradiation and 2.7 A in
the refiVHFEEHFRcIRITPOMNEEPRBYBFHFEAFAEi bn™1%he t hi ckness of the
oxide filmin the 4 ppmozone water was 1.9 A in the region

subj ect @201 phot oi Theaditatdlore sed B.theA dxi dehd irlayicon thebjsedtiedn wafer
no photoirradiation. That is, ratios of the oxide filmthickness in

the regi Gt @ttied absuRhot @& r A @td 1 de tWRe aXide hi EM #ickBgsSn
in the region subjected to no photoirradiation were 45 tines or nore

i th abgut- 0.19% N20- i water, 1.4 1] i the . 210

R L e o S
t t ide .film thigck duced in th i oK

o b haed At (o B SR 4 et e <o no

difference in oxidizing power between the region subjected to

phot oi reketaiFeoadiatiPhRe PEG PrEdblbeR edifo MY pREPEEEAaditata bh.- wdbe
very large with the N20-di ssolved water conpared to that with the

hydr ogerh pekoasseoSdlhs iconder ftilen drnobkee wal %ehydrrmhdrhate roixiideosoliution
t he regi on subjected to photoirradiation alone can be oxidized 35 by
controlyd gz thed phat eher adyabhoBubga@BAWbhgHbreX rehhali Bd ibRe angedl. an A

subj ected to no photoirradiation.
in the region subjected to no photoirradiation. The thickness of
the oxide film in the 4 ppm ozone water was 1.9 A in the region
subjected to photoirradiation and 3.2 A in the region subjected
tono photoirradiation. That is, ratios of the oxide film thickness
in the region subjected to photoirradiation to the oxide film
thickness in the region subjected to no photoirradiation were 45
times or more with about 0.1% N,O-dissolved water, 1.4 times with
31% hydrogen peroxide solution, and 0.6 time with 4 ppm ozone water.
With the ozone water, the oxide film thickness reduced in the region
subjected to photoirradiation. The results confirmed that a
difference in oxidizing power between the region subjected to
photoirradiation and the region subjected to no photoirradiation
8
was very large with the N,0-dissolved water compared to that with

the hydrogen peroxide solution or the ozone water, and that silicon

in the region subjected to photoirradiation alone can be oxidized
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[0078] Next, a silicon wafer oxidation experinent enploying an
excimer lanp as a light source will be described. The used exci ner
| anp emts |light having a wavel ength of 172 nm but use of the
excimer lanp in an atnosphere causes extensive ozone generation.

That i i | 52 - - : [Jaradi.at i
vae coRiit R ohTH e IR R A IR LRI A Bl The
attenuation by the atnas her e. 0079L PHotoeradiation was conduct ed
for 1 MeIHORI FRPPEFEPHGCCoPCaBBRFOB KRRIBRAGR -experi nent a

conditions including: an inner volune of a chanber of 8 1; a
nitrogeh0®78lv rat e ¥éxt2 d/sihicen wedienr oxaidedriauexpsir 20t smpdicaring
anount of 50 m; and a distance between the exciner |anp and the

cont ai nef eddcihePManpbees 1¥§BS sAfr RONEDUHeSHd $it+ Difed US erthef @5efk&cimer
experinment include a heliumaqueous solution (heliumcontent of

about 10 B DGHE G0 5, ARICONAY S AR, (Al OIS 0K IS xcimer

content o 0 an oxygen aqueous ution (oxygen
content, of about 4 . [0080] The ,thickness of the oxjde filman.
Coet e 18 R A, AtuP R har e Rhet el SR ehb A e Pt fon el 4o,
A. The oxide film thickness was 0.3 A with the nitrous oxide aqueous

sol uti ohighhdist¥esoxbe’d PYIrhe mewerheims Fhus Abkoteipraddargem was
aqueous solution. The results confirmed that oxidation hardly

pr oceededndiithedl Whidgueousi tswigdrn @ess was timerged hforhprkvessiof flight
oxide filmdid 36 not change even in the case where the irradiation
time wagtexheadedn bor tBemuBmeisbhei-espect to the nitrous oxide

aqueous sol ution.

[0079] Photoirradiation was conducted for 1 min during purging
of about 5 min under experimental conditions including: an inner
volume of a chamber of 8 1; a nitrogen flow rate of 12 1/min; a
water temperature of 23°C; a water amount of 50 ml; and a distance
between the excimer lamp and the container of 3 mm. Three types
of aqueous solutions used for the experiment include a helium aqueous
solution (helium content of about 16 ppm), a nitrous oxide aqueous
solution (nitrous oxide content of about 1, 000 ppm) , an oxygen agueous
solution (oxygen content of about 40 ppm).

[0080] The thickness of the oxide film on the silicon wafer
W immersed in the helium aqueous solution was 0.4 A. The oxide film
thickness was 0.3 A with the nitrous oxide aqueous solution, and
the oxide film thickness was 0.5 A with the oxygen aqueous solution.

The results confirmed that oxidation hardly proceeded with all

aqueous solutions. Further, the thickness of the oxide film did

36



[ 0081] Photoirradiation was conducted while droplets (of 0.2 nml)
were placed on the silicon wafer and the droplets were in contact
with the excinmer |anp. Photoirradi ati on was conduct ed under purging
of a nitrogen gas in the sane manner as that described above. The

results n i t -qg?‘ﬁ?

ni trous %)% xgtr%ueous SO ﬁ???ﬂﬁgenghg% %(lgé mt @%%&@g\é\%agséﬁgended
A wth the OXﬁ& eous sol uti on and that oxi dation hardly

pr oceed&8Twit Bot"’l’r GESRELOITR iTHiss GFﬁéieeﬁfﬁ%‘?‘?%t%ﬂ’luuon
results suggested that: light (172 nn) emtted fromthe excinmer |anp
was nostPy8absor bedPbyptadrendintiopugas cxdrdugiaed varidley ddeopdesssédf 0.2
and the oxide filmhardly grew on the surface of the silicon wafer.

A maxi nim) akses baaeedobn Wieesi 1 Scah waFerayabieilgl Brepl1464 wee aRdedritisct
light to be irradiated to the aqueous solution nust have a

wavel engt byl @%g%%gég 1%n}gﬁvebﬁ8%tﬂri‘5d%'t‘ign JJB&S? Oéﬁéﬁ& PQH% d%frr#@fbfirng

is sufficie the sane tiI ne, ance of

ni trous axide, nust be short than 240 nm a de

Navel enGEnE HEHGESSTR AT SEeoAPe RER 21 & e SRECFSRELAPRES. The
aqueous solution is 173 nmor nmore and 240 nmor |ess. [0083 In the

oxi dat i §8S¥35&r PRSI TMeHoWRa T rEhg @Xl}ﬂe diidmahRicknpes Wean G fed With the
pressure nercury lanp 50 and the container 40, and between the | ow

pr essur aimeocusr pxisgep asMeanss teted Wi dlorc emdneftey ONidY fvdon idtickness was

particularly defined. In the case where the same |ight source 1is

used, aosaBRl witht aneeokeyvReAgh86usi §H1uEOUACEnaANEhAt t6RLSa OXbiGhardly
proceeded with both aqueous solutions.
[0082] The experimental results suggested that: 1light (172 nm)
emitted from the excimer lamp was mostly absorbed by water; nitrous
oxide was hardly decomposed; and the oxide film hardly grew on the
surface of the silicon wafer. A maximum absorbance of water is at
a wavelength of 167 nm, and thus light to be irradiated to the aqueous
solution must have a wavelength longer than a wavelength at which
the absorbance of water is sufficiently small. At the same time,
the absorbance of light by nitrous oxide must be shorter than 240
nm. Inthisway, adesiredwavelengthrange of 1ight tobe irradiated
to the nitrous oxide aqueous solution is 173 nm or more and 240
nm or less.
[0083] In the oxidation apparatus 1 shown in Fig. 7, distances

between the low pressure mercury lamp 50 and the container 40, and

between the low pressure mercury lamp 50 and the silicon wafer W
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existing in an adjacent to an oxidation target substance very closely
generally allows efficient dissociation of nitrous oxide with
increased illum nance and i ncreases an oxidation rate of the

oxi dation target substance. In contrast, a |arge di stance between

oxi da ubst contrast, a I i
o dat 1 rF Loy BE e HrE o Py Bl o oEh ERearateenar £ ThRghe 1 ohtBource

di ssoci ati on of nitrolu ,oxide with reduced_il] um nance and reduces .
the oxi HAFESRr ath! B8 LORFAaLT OFE AN LigBESHIGEe FAE nitTous oxide
above-nenti oned di stance nay be changed in accordance with the

desi r ecexks dang am arbdjefeatstbsnrenicddafiipsshrgak (gvhanannd daryebosely
Next, experinental results of oxidation of an alum num plate by

using ?éﬁéliﬁfpw 201 dhisOne EPIE Bérit NEiBEbEQHE 16K @F B tyshi®JeRide with
per oxi de sol ution, and ozone water in the case where a region

subj ect gd. éQSQHOti‘iilrL{rrﬁ‘Hﬁdﬁ”aﬁ&d iﬁbcrr%%ies%(:%ri jSRHEQtEBn”%ate of the

photoirradiation are provided wll be ed. The experinent was
conducted.a . changing th ilicon fer Wof the oxidation a rat us
2 Showro Xt T E G TR e NPT Bl G 71 08) LAhEC Cot G RET DA waen
i ncludes the side surfaces, the bottom_surface, and the open upper
sur f aceth@antl JRE feRwEee (ﬁndl'éﬂtd-’rﬁ)us( P&gidst exagtipgdéheiR)adiacent to the
forexanpl e. Theprotrusions 43 eachhaving a certain height are forned
on the beidanmisor f haeget t Babstanaenevery8 43 osadd degredels swiifdcdent
of the alum numplate is supported by the protrusions 43 . The
aqueousd s9sutinibh & PhA thidusLdxh Bet it 16 HRIRIAELT i11luminance and reduces
the oxidation rate of the oxidation target substance. The
above-mentioned distance may be changed in accordance with the
desired oxidation rate of a substrate.
[0084] <Aluminum oxidation>
Next, experimental results of oxidation of an aluminum plate
by using an agqueous solution containing nitrous oxide, a hydrogen
peroxide solution, andozonewater inthe casewherearegionsubjected
to photoirradiation and a region subjected to no photoirradiation
are provided will be described. The experiment was conducted by
changing the silicon wafer W of the oxidation apparatus 2 shown
in Fig. 11 to the aluminum plate.
[0085] The container 45 includes the side surfaces, the bottom
surface, and the open upper surface, and is formed of Teflon

(registered trademark), for example. Theprotrusions 43 eachhaving

a certain height are formed on the bottom surface of the container
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45 is an aqueous sol ution containing about 0.1% of nitrous oxide, a
31% hydr ogen peroxide solution, or 4 ppmozone water. The al um num
plate is arranged in the container 45, and then the aqueous sol ution
65 is filled in the container 45 such that the alum numplate is

enti rel yang, sul,id Gien Lo Jommr sed: nIner bty S 81410 BLALE 58 bl Sche
arranged~above € aqueous ‘solution So as 10 partly cover e
alumnumplate. In this exanple, for _confirmng reproducibility of

exper i NBEPRFUSACRS 4 heal A FNPPAT SCSHESLNS X BaRedat hi ek hBddie gpnainer

natural oxide filmon the surface of the alum num plate before
oxi dati @A iseamreyqieotfs abolit 1dh Adritraouging eéaugaOnddt ofi hhtaous oxide,
phosphoric acid aqueous solution. Al oxidation treatnments were

conduct g 1 hhieeBgaper &k tde sbatitl o, lor Eispebiest witdhe @xetat iinum
treatments was confirnmed by oxide filmthickness increase with

respect g, Lhe, natural o109, d ELIVLNekness o L 0DRSL cThe aXLAB 4l e on

t hi ckneSs i'ncrease o umnumplate "I mersed in a

N20- di ssol ved .water. was, 10.9 A in_a region _subjected t . .
Dhot of £ P38 £omL ShodByERe PRBCRAPEknSsSiRbr ERFCbEe SlWBtBYR BIATe is
limt (1.4 A or less in a region subjected to no photoirradiation,
and oxi @atiigely andosupfsecéentay wnmersad. oxihke lightrshhrddiagsplate 56
increase in 31% hydrogen peroxide solution was 2.5 A in the region
subj ect éd berphoted rbadicathenagndohs8sdilnttiba segasntospdielyedoter nthe
photoirradi ation. The oxide filmthickness increase 39 in 4 ppm

ozone Wati@mitRsm PFlateA | int BRiEe8kQMpSED] £6+ ecor £1 rNOd %éﬁ?&d@éiﬁﬂity

and 2.7 Ain the region subjected to no
of experimental data, thealuminumplate tobeoxidizedhadathickness
of a natural oxide film on the surface of the aluminum plate before
oxidation treatment of about 17 A through pretreatment with a
phosphoric acid aqueous solution. All oxidation treatments were
conducted in room temperature for 1 min. The effect of the oxidation
treatments was confirmed by oxide film thickness increase with
respect to the natural oxide film thickness.
[0086] The oxide film thickness increase of the aluminum plate
immersed in about 0.1% N,0-dissolved water was 10.9 A in a region
subjected to photoirradiation. However, the thickness thereof was
a detection limit (1.4 A) or less in a region subjected to no
photoirradiation, and oxidation did not proceed at all. The oxide
film thickness increase in 31% hydrogen peroxide solution was 2.5

A in the region subjected to photoirradiation and 1.8 A in the region

subjected tonophotoirradiation. Theoxide filmthickness increase
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photoirradiation. That is, ratios of the oxide filmthickness
increase in the region subjected to photoirradiation to the oxide
filmthickness increase in the region subjected to no
photoirradiation were 7.8 times or nore with about 0.1%\20-di ssol ved

1.4 h 31% d d | d 3. i
WAy T T RaPB VAR oOaEt Fdnt by ik bhe: i SuRib TR co

oxi di zi ng power between the region subjected to photoirradiation and
the reglpteibradiabien mAGhd df r Padiidt | BRewaseIEPy | kEeeHhed fheno
N20- di ssol ved water conpared to that with the hydrogen peroxide

sol ut i gshetoiheadrabtomat eThaandst hattdlogmofumhae dRedeedidm thickness
subjected to photoirradiati on alone can be oxidized by controlling

the hﬁ% oh&Ladi A1 g Legien ¥ ?@Hfteaxtg' eeoibea{ifgt%nsam&fé B%ide

otoirradiation. 7[008/] The prefer ed exanpl es of the present

|nvent| are cri bed .in _det ai the rese nvention is
not 11t THE CEBIERERoSped e At Re. ChRq FRisl  nouriT e ontoand
changes maybe made within a range of a gist of the present invention
descrlb%HOt?%rE§%%ﬁ%1°PGG%§17T%eleﬁéﬁﬁ1@9r8e§6¥1%%%u¥Heléﬁbékﬂﬁéﬁpéve
of oxidation of the silicon wafer and the al um num plate. The

resul t swabef | ringdt imkat wible 3drebydrogenepeyoni daslwo die appl 3 €2 ttimes
| ocal oxidation of a substrate excluding the silicon wafer and the

al um nuwiph a4 eppm 48zdhe wetee! | Viley dedumre @ordiizedkd adiaan a e fference

obviously serve as a selected insulating region of a substrate of a

conduct 11‘!%}&@1%@1‘@ power between the region subjected to photoirradiation
and the region subjected to no photoirradiation was very large with
the N,O-dissolved water compared to that with the hydrogen peroxide
solutionor the ozone water, and that aluminum in the region subjected
to photoirradiation alone can be oxidized by controlling the
photoirradiation region without oxidizing the region subjected to
no photoirradiation.
[0c087] The preferred examples of the present invention are
described in detail. However, the present invention is not limited
to such specific examples, and various modifications and changes
may be made within a range of a gist of the present inventiondescribed
in claims.
[0088] The examples described the experiments of oxidation of
the silicon wafer and the aluminum plate. The results confirmed

that the present invention can also be applied to local oxidation

of a substrate excluding the silicon wafer and the aluminum plate.
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an etching protective film (mask) pattern with excellent chem cal

resi stance, or a pattern of an ornanment, simlar to the oxidized
region fornmed by the conventional nethod. [0089] The nitrous oxide
aqueous solution to be used for oxidation had an N20 concentrati on

of aboglt 0.1% i nttheleXmel eﬁ, bgt t?e N20 concentr ati onli S ot

i m t ed TheTel 5 CEST Y pt AT A gC* A tErtal nIsPrelry PREYGY SEFVe a8 @
concentration nust be 10 ppmor nore. A high concentration | eads to
an i ncratielt ofildailet ingt segpen oh 2 sehstreFadion HInAITEYe Meterial,
concentration change due to generation of bubbles or dissipation of
N20 i ntam &t dtiims phreteatide £fiphotmaskadpat tem ati td@n eatcedd@rer chemical
pressure, the concentration is preferably 5, 000 ppmor |ess, nore

preferahly; J00PpM &P £ p 0L APV AGrRfedt efBmAbl 30 thRMKA a1 zed
3,000 ppm [0090] A nmethod of controlling the photoirradiation region

is not_particularly limied, Exanpl f t hod include: a

nmet hod r%fl% rg(ﬁ]érfl%é %Y%ég f?@t’ﬂ?ﬁé?ﬁf—igrméﬁﬁg ding irradiation of
selected |ight above a sol ution containing nitrous, oxide (N20) in

whi ch a[o%%%gt rate 122 RHEFSBE; @S FBLFOF of Ol HEABPaihPE hised for
target region alone wth collected narrow light, laser light, or the

| i ke woxedambonngpd en IN2Ghepnsentiracipnt of galpewtl 0 photis itheogxapines,
Use of those nmethods of controlling the photoirradiati on region

al | ows bl releé T rlczatt nee i disd it dfiditedediamst ¢ egiFer wbithauting
a 41 photolithography step enploying a resist. [0091] The nitrous

oxi de agueous; 50 ML RO SO ation must be 10 ppm or more. A
high concentration leads to an increased oxidation rate, but in
consideration of effects of concentration change due to generation
of bubbles or dissipation of N;O into an atmosphere under
photoirradiation at an atmospheric pressure, the concentration is
preferably 5,000 ppm or less, more preferably 100 ppm to 4,000 ppm,
and most preferably 500 ppm to 3,000 ppm.

[0090] A method of controlling the photoirradiation region is
not particularly limited. Examples of the method include: a method
of arranging a mask (reticle) for shielding irradiation of selected
light above a solution containing nitrous oxide (N;0) in which a
substrate is immersed; and a method of irradiating the target region
alone with collected narrow light, laser light, or the like while
moving the light, similarly to general photolithography. Use of
those methods of controlling the photoirradiation region allows

direct and selective oxidation of the desired region without a
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oxygen-contai ni ng precursors in water as long as a function of
generating dissociated atom c oxygen (0) under photoirradiation is
not inhibited. For exanple, 02 and the |ike may be m xed as
described referring to Fig. 10. Industrial Applicability [0092] The
present invention relates to a.gféhod of oxidizing a substance and

an oxi LA HPRTARRY (HerRf ORIV I @ prEL&ht i nvention has wide

industrial applicability. For exanple, the present invention may be
used fdr0%di dat i orflsf reltgidusc@x @queocasoisiediutdempgydcontain other
sem conductor substrate, a circuit substrate, or the |ike;

st eri | iczaidenty cstitsd 1 Bed | phecBusbageihr @akteentas Mgafaid zat fonctasd of
di scoloring of a substance such as a netal or a resin; deconposition

of a tgfg%% ?d%%ééfé‘ﬁ@d@H&Hié%x%%&ﬁﬂ(@?%ﬁ&@? Pﬁo%?ﬂﬁbﬁag)@/@n

the Ii present 1nventi ows reactfon contro
controlling the presence absence of W/ I'ga%ei radi ation or,
Sont r ol AP RN PRGRECPr adt 2 | SRAMBLS! { Pord ol ¢ hEe CBiRY o JLiefops
an oxi dation reaction of a substance in a liquid by using a
m cr or SREBFLRAA tFRIGTRENI 420 FAIMBL01. A nethod of oxidizing a
substance, characterized by conprising: bringing a substance into
contact with a solution containing nitrous oxide (N20); irradiating
the solution with Wlight; and
Industrial Applicability
[0092] The present invention relates to a method of oxidizing
a substance and an oxidation apparatus therefor, and the present
invention has wide industrial applicability. For example, the
present invention may be used for: oxidation of a silicon wafer,
another compound semiconductor substrate, a circuit substrate, or
the 1like; sterilization, disinfection, surface treatment,
deodorization, and discoloring of a substance such as a metal or
a resin; decomposition of a toxic organic substance (such as
trihalomethane or dioxin); and the like. Further, the present
invention allows reaction control by controlling the presence or
absence of UV light irradiation or controlling UV light irradiation

positions, and thus can be used for an oxidation reaction of a

substance in a liquid by using a microreactor or the like.
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controlling a time period of the oxidizing the substance based on a
time period of the irradiating the Wlight. 2. A nethod of oxidizing
a substance according to claim1l, wherein: the solution is an
aqueous sol ution containing nitrous oxide dissolved therein; and the
Wlight to be irradiated has a wavel ength of 173 nmto 240 nm 3. A
met hod of oxidizing a substance accdrift toclaiml1 or 2, further
conprising controlling a Wlight irradiation region. 4. A nethod of
oxi di zi ng a subsfamoetlaedordi nkidi zimg oae safbstlaaiaes, 1chardctéuithdr by
conprising bringing the substance into contact wth the solution by
I mrer sidndRes Seipst ance in the solution. 5. A nmethod of oxidizing a
subst ance according to any one of 43 clains 1 to 3, further

G sol ving t ne EibEra it sORRYRREC hOL RN b ol hRp TR £ bR Bing

substance accordipng to _any one of clains 1 to 3, further conprising
bringiﬁbl?ﬁ%u§u%§%§ﬁcZN#%{b contact with droplets of the sol ution.

7. A nethod of oxidizing a substance according to claim6, further
conprisi ng bringaiathedstbst aadutianowébht Byt lighn it Bad sol ution by
droppi ng the solution on the substance to be rotated. 8. A nethod of
oxi di zi ng a sodust aoteingeot tinagdard ahyf ahe okidtkdngahe $ubdtahoe aeed
conprising arranging a mask for shiel ding

on a time period of the irradiating the UV light.

2. A method of oxidizing a substance according to claim 1,
wherein:

the solution is an aqueous solution containing nitrous oxide
dissolved therein; and

the UV light to be irradiated has a wavelength of 173 nm to

240 nm.

3. A method of oxidizing a substance according to claim 1 or

2, further comprising controlling a UV light irradiation region.

4. A method of oxidizing a substance according to any one of
claims 1 to 3, further comprising bringing the substance into contact

with the solution by immersing the substance in the solution.

5. A method of oxidizing a substance according to any one of
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W light irradiation above the substance. 9. A nethod of oxidizing a
substance according to any one of clainms 1 to 8 wherein the WIight
is convergent light. 10. A nethod of oxidizing of a substance

according to any one of clainms 1 to 9, wherein the substance is one

ki nd of substance _ selected fromthe oup consi.sting of sil,icon

2l U nURLAGBER O 2 1 FBRCRSE oM SR haAOH HiF SUrF BRee A gorpaiRet
tungsten, chrom um nolybdenum nickel, hafnium ruthenium niobium
yttriunpitdcang eolutdsdybywirdissmiHarinihe esusgaredaln  thanselwkion.
manganese, 44 gallium germanium indium tin, rhodium palladium
cadm um antinony, and alloys including them 11. A nethod of
oxi di zi ng a substance according to any one of clainmns 1 to 10,

wherein the sybsiancenbs S SBAIRONUNCEOLBUPERER! Socodding (PLIGAAL of

oxi di zing a substance according to any one o alns 1 to 11,

conpri si drradiati e _solution wih., Wlight in ap_inert gas

ot mhspheiaimesl B Phsh e o A bR spdipaidie tedPanfs riintact
one of clains 1 to 11, further_ conprising irradiating the solution
with WHitghdropletgaQfurkf iRPHet@? - 14. A net hod of oxidizing a
substance according to any one of clains 1 to 11, further conprising

conducting oxidation by arranging a |ight source and the substance
in the solution. 15. A nethod of oxidizing a substance according to

any ﬁne of clai meméthedlés whetekzAng 608GBRtAALEOACObrALhGOUS OXAdR 6,
In the
further comprising bringing the substance into contact with the

solution by dropping the solution on the substance to be rotated.

8. A method of oxidizing a substance according to any one of
claims 1 to 7, further comprising arranging a mask for shielding

UV light irradiation above the substance.

9. A method of oxidizing a substance according to any one of

claims 1 to 8, wherein the UV light is convergent light.

10. A method of oxidizing of a substance according to any one
of claims 1 to 9, wherein the substance is one kind of substance
selected from the group consisting of silicon, aluminum, copper,
iron, zinc, titanium, tantalum, silver, zirconium, tungsten,
chromium, molybdenum, nickel, hafnium, ruthenium, niobium, yttrium,

scandium, neodymium, lanthanum, cerium, cobalt, vanadium, manganese,
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solution is 10 ppmto 5,000 ppm 45

gallium, germanium, indium, tin, rhodium, palladium, cadmium,

antimony, and alloys including them.

11. A method of oxidizing a substance according to any one

of claims 1to 10, wherein the substance is a semiconductor substrate.

12. A method of oxidizing a substance according to any one
of claims 1 to 11, further comprising irradiating'the solution with

UV light in an inert gas atmosphere.

13. A method of oxidizing a substance according to any one
- of claims 1 to 11, further comprising irradiating the solution with

UV light in a vacuum atmosphere.

14. A method of oxidizing a substance according to any one
of claims 1 to 11, further comprising conducting oxidation by

arranging a light source and the substance in the solution.
15. A method of oxidizing a substance according to any one

of claims 1 to 14, wherein a concentration of nitrous oxide in the

solution is 10 ppm to 5,000 ppm.
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