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 nmethod of
.oxidizing a substance and to a substance oxidati on apparatus, and nore
specifically to oxidation of a substance in a liquid enploying nitrous

oxi de (N20) -dissolved water. Background Art [0002] Production of an

i ndustrial product through oxidation of an organic conpound enpl oys a

met hod i nvol ving m xi ng an oxygen-contai ni ng substance referred to as an

oxi dant and an organi ¢ conpound and conducti ng an oxi dation reaction by
using a catalyst, heat, or the |iRESCROCTIPNFor exanple, industrial
production of adipic acid as a raw material for nylon enploys a nethod

(nitric petgooxFoRt bRMD1zRGORUHETARBECKNDODRXBAPRONO APERRAGRRX ARGk FFORA I aW
material by wusing a |large amount of nitric acid. This nethod enploys nitric

acid, which is a strong acid, as an oxidant, and thus has problens such as
an increased cost for a neasure agai nst corrosion of an apparatus and an
i ncreased cost for reﬂ ction of risks in production. [0004] Industrial
productiBﬁC%?l?%feBh? élic acid as a raw nmaterial for a polyester enploys a
met hod (air oxidation) of oxidizing 1 paraxylene as a raw material by using
oxygen i RO@P}] Thi s e m3Esedipiaysnespal xe laeeyatesanetined Dherddiednpound
as catalysts, and
a substance and to a substance oxidation apparatus, and more
specificallytooxidationof asubstance inaliquidemployingnitrous

oxide {(N,Q0}-dissolved water.

Background Art

[0002] Production of an industrial product through oxidation
of an organic compound employs a method invelving 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 inproduction.
[0004] Industrial production of terephthalic acid as a raw

material forapolyesteremploysamethod (airoxidation) of oxidizing



t hus has problens such as an increased cost for a neasure against corrosion
due to boron and an increased cost for reduction of an environnental |oad
due to boron. [0005] An exanple of a nmethod of oxidizing a substance such
‘as a silicon wafer is a method of bringing a substrate into contact wth
wat er contai ni ng an oxi di zi ng substance dissolved therein. Exanples of

wat er contai ning an oxi di zi ng substance di ssolved therein include a

hydr ogen peroxi de solution and ozone water. [0006] The hydrogen peroxide
solution is used for bleaching of paper or pulp, washing of a

seni condygt fkylsherad i Z atdwmatediisiinbgctis@ig 8rggbheihiker by mHid meith@d he
oxi di zi ng power thereof. The ozone water is used for sterilization of water

suppl y t rilizatiq f I a S
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hydr ogen_peraoxi de sqglution is relatively stahle,  and hydrogen peroxid

remai s FOPS AFSIRRIRETTE PG B8 FBA BFYERRES T hakts LA Wi SEREASH t er
t he hydrogen peroxide solution is used for various applications. Thus, the
wast e wateFrofienedns drederropaiskidde SBIMAFHT csdh ey gecdvasdsn icdnan
treatment for reducing an environnental |oad, and industrial use of a large

anmount oéntiheonhgdtagehopdr duedeosbbubinon or the |i ke causes a problem of an
increased cost required for the deconposition treatnment. 2 [0008]

Meanwhi | egot b Ozoneamad eimpBe ref af metinodirgt aidianag khengkeaacdegarposes

spontaneously in a relatively short period
as a silicon wafer is a methed of bringing a substrate into contact
with water containing an oxidizing substance dissolved therein.
Examples of water containing an oxidizing substance dissolved
therein include a hydrogen peroxide solution and ozone water.
[000€] 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 lcad, and industrial use of a large amount of the

hydrogenperoxide solutionor the like causesaproblemof anincreased

cost required for the decomposition treatment.



of time. However, the ozone water is toxic to human body even in a |ow
concentration and provi des a heavy load on a material used for a piping
systemor the like, so that the ozone water requires deconposition
treatment. Thus, the ozone water has a problemof causing a treatnment cost.
The ozone water is relatively unstable, and storage of the ozone water
whi | e mai ntai ning the oxidizing power thereof for a long period of tinme is
substantially inpossible. That is, the ozone water is inconvenient in that
a nethod of using a required anmount of ozone water at a required tinme from
a large @ooal of sWeaedhbdiene:hatcerories walrpasss bfelattive herynstable aswppl vy
of ozone water after start of an ozone water production apparatus in a

stopped tBéateoteqykEEmpasE8r EabAtRAELAE19f 1hi BErboktIanl Rt Heeiod
apparatus. In the case where intermttent use of ozone water is supposedly

desi red, o AN fper ali R AL &1 oLR0ZARE, WAL EE oI LS A ARRAS Wf n TSt De

mai nt ai ned at al | times even duri ng time requiring no ozone
apparatus start is longer tha equi.rin nQ 0z ter Thus
P Doel esd ol TASTTEITELSR Y PTRETIRE T (A 1o & PREGEAAN Yo5duced
[ 0009] Anot her exanple of the nethod of oxidizi n a substance is a nethod
enpl oyi nECH PHAREM HAXAREM Pe thBol k8t aPPsthal tehe QAR NEE SFhireRIVEXsiShi t s
a catalytic action under irradiation of |light, and a typical exanple of the
phot ocat @aéyshpositibant neatnent de TIRuhavilig cavranatease” dayss malpretrlect wife.
Ti tani um di oxi de exhibits an oxidizing action under irradiation of |ight
havi ng a-y»a¥ehg§ndtheatment cost. The ozone water is relatively unstable,
and storage of the ozone water while maintaining the oxidizing power
thereof for a long period of time is substantially impossible. That
is, the ozone water is inconvenient in that a method of using a
required amount of ozone water at a required time froma large amount
of storedozone water is impossible. Further, stable supply of ozone
water after start of an ozone water production apparatus in a stopped
state requires a certainperiodof 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 reguiring no ozone
water if an apparatus start-up time is longer than time requiring
noozonewater. Thus, auselessrawmaterial costorauseless running
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
oxidi zed 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 substance to be oxidized in
water, titaniumdioxide is allowed to be present in water, and water is
irradiated with light for oxidation of the target substance. [0010]

Ti tani um di oxide is used for deodorization and deconposition of a

mal odor ous conponent such as ammonia or fornmal dehyde, sterilization and

puri fi cahhonngf aflEddc At eFyBE anest fuctv@ter , mnthriien bilkeily skhibztBmdts
oxi di zi ng power as a photocatalyst. Titaniumdioxide is often used in a

thin fil - Qe o X a pr; i :SUD t: rf-Qc i ng
| &Fﬁ)&/%kg a6+ 9BHA0NGRR: dﬂ&rald%% iSOl atigrgu ha%glegf %S@ﬁﬁf@ﬂa

and basi ca exhi bits an oxidi zing action on a~“substan

surface f_titapium di oxi | one. _Th diffusion and adsorptiqn . of a
substancgﬁ%%’é gb?ﬁi% %qugse(?an‘ror%naﬁgétgr?ﬁgngﬁr?gc% toq‘rgﬁt?asrﬂ i%xi de
in a gas phase or water control rate of oxidation, and use of titanium

di oxi de K&sPg PréBLeffoina? r@atPhads: stbviokitadiwnide ate 2 lovied i dfse of
titaniumdioxide in water, a water nolecule adsorbed on the surface of
titani unpdeerndein $hexgas zéthasn gederiat gasaphyde oy iraddaktkdvivhgh dxighitzi ng
power. The hydroxy radical has 4 a very short |life and exists in adjacent
to titaniFgm shkPxhdeon &rfy thel sehet sUbsart@ subst end ipde stidl 2ifng tagidean of

t he hydroxy

substance to be oxidized in water, titanium dioxide is allowed to
be present inwater, and water is irradiated with light for oxidation
of the target substance.

[0010] Titanium dioxide is used for deodorization and
decomposition of a malodorous component such as ammonia or
formaldehyde, sterilizationandpurificationof drink water or waste
water, andthelikebyutilizingitsoxidizingpowerasaphotocatalyst.
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 fromdiffusion of the hydroxy radical can be confirnmed in
wat'er distant fromtitaniumdioxide. In this way, the hydroxy radica
differs fromthe hydrogen peroxide solution or ozone water and has a
problemin that even when a solid substance exhibiting no solubility in
wat er such as a sem conductor substrate is inmersed in water containing
titani um di oxide, a surface of the solid substance cannot be oxidized in
t he presence or absence photoirradiation. |In the case where an attenpt of
increasing an oxidation rate is nade by dispersing titaniumdioxide in a

form of &i erpodHerti N faalld exitis Gasadiaseatpeebt efxhduhh@l osegaradipen
and recovery of titaniumdioxide after oxidation treatnent involves

di fficulthes. 00 There d %?Qﬁgp . QXI [ Teth '

ni trous E%?%&éyLNiﬁﬁgSé %%(ﬁ§§{é 'S égg%gg%gﬁ%ageﬁggérgﬁoﬁﬁg(ﬁgéﬁﬁﬁ%uure
and normal pressure and_i s naot. deconpose visible light. Eor exanple,
on- pat R BGEU I EETT ARES BaRtE F B8 TV TR AR G tian BRG TR de
i's known to deconpose into a nitrogen nolecule (N2) and atom c oxygen (0)
under irAadwatesndoptanghiremvi il wavdetigieh JRoEREF varn P9 roxy
Non- pat ent Document 2 describes this phenonenon, for exanple. [00131 Many

resear cheadiawd HeEfeesntitmt eder Bgdrdgry pxroat dersoloft i argetosabstance by
usi ng atom c oxygen (0) generated in a gas phase. For exanple, Non-patent

Docunent a3 qdeser bbgsopxeflalhObhat Ofed whiih af s i @B s i@y e iih4]iRat ent

Docunent 1 discloses an invention involving:
no solubility in water such as a semiconductor substrate is immersed
inwater containingtitanium d'ioxide, asurfaceof the solid substance
cannot be oxidized in the 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.
[oo012] 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 (N3)
and atomic oxygen (O) under irradiation of light having a wavelength
shorter than240nm. Non-patent Document 2 describesthisphenomenon,
for example.
[0013] Many researches have been conducted regarding oxidation

of a target substance by using atomic oxygen (0) generated in a

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



removi ng a natur al oxrde frlnron a surface of a silicon substrate wth a

di l'uted hydrofluoric acid solution; heating the silicon substrate to about
300C;, brining an ultrapure oxygen gas into contact wth the silicon
‘'substrate to forma silicon oxide filmof about an internolecular distance,
and heating the silicon substrate to 900C to form an oxide filmhaving a
predeterm ned thickness. Oxidation of the silicon substrate canbe conducted
by using a solution containing oxygen and/or a nol ecul e contai ni ng oxygen.
The solution to be used may be a sol ution containing oxygen dissol ved

t herei n, pfaaselivthes e@nktal gingadzene di ssol ved therein, a hydrogen peroxide
solution, a sulfuric acid/ hydrogen peroxi de aqueous solution, a

hydrochl gphgspci d/ hyggpgga Ber:aemeﬁe qqa%e,e&iog%utahoam%t%n ARRNANng
hydr ogen per oxi de aqueous sol utron (see paragraph 013 of Patent Docunent

00 h d
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oxygen atonrgenerated fronrnrtrous oxi de, Fornatron of the oxi de is

conduct eifh 8 gddubess iRy reld| eesuthani aheat AbSphéei SidicSure.

[ 0016] Production of electronic conponents enploys a technique of oxidation
( her ei naftibsfratbacratbub3 88 ° Codalirgxigk bbhyapntde dxyadrayd fgnaosendetcdd
region on a conductive material for various 6 purposes. Further, there is
real i zedwatheehai gueiobnwoiksbgate Sobsdrmte iyl fasmmicgdn foXindef ialbautayer

havi ng hi gh chem ca

an intermolecular distance, and heating the silicon substrate to
900°C to form an oxide film having a predetermined thickness.
Oxidationof thesiliconsubstratecanbeconductedbyusingasoclution
containing oxygen and/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 agueous 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] Production of 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 chemcal.
Production of an ornanent wi dely enploys a technique of formng an oxidized
region having a different color fromthat of a non-oxidized region or an
oxi di zed region having i nproved coloring property than that of a
non- oxi di zed region on a substrate surface as a pattern for obtaining an
ornament with a very aesthetic appearance. [0017] The | ocal oxidized region
is conventionally formed by a nethod involving: formng a resist pattern or
a patterpupbosds. oxiadathen, r eReskanls Mmaizarizld ia) el ghd t BOgKWARRY NSt @p;
using the pattern as a nmask; and oxidizing a region not covered with the

mask. %ﬁﬁé@f&é&ebiﬁ AienilrRf 8hn 0Xk fh2ed 11891 dyS KoMMENt hoga! lonef@iard by
a nmethod i1 nvolving: “formng an oxide |layer on a substrate surface in
advance; forn% att hotol it ha ste t he

ng_a.esist rn.i : ra E . e USI

pat t o1 n 58 BT BUCRITIY Tk 1osad ars8aFiPRg SN PARSUERY STREE G IPNGEr i n
a region not covered with the mask to obtain the oxide layer in a re%ion
cover ed &P Pratecidd BSTHe Ingiand TaMse-ndAg Noty oG Sche egdem with
oxi dation nethod enpl oying the photolithography step conventionally used
and enpl ®ydhmpidewl r eFirsduatdsyy dfednapovanefipodBle By ranplass shéwehind giieg.
12(a), a photoresist layer 71 7 is formed on a substrate 70 to be subjected
to | ocal opxishehind dyy ol dhied aosdiorg Hmeiihng ok irfddrentc eatlioly fieetael a
l'iquid resist,

of a non-oxidized region or an oxidized region having improved

coloring property than that of a non-oxidized region on a substrate

surface 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.

[oo1s8] First, as shown in Fig. 12(a), a photoresist layer 71



a lam nating nethod of a dry filmresist, or the |like conventionally and

of ten used. [0019] Next, as shown in Fig. 12(b), the photoresist |layer 71
is exposed to light through a mask (reticle) 72 having a predeterm ned
pattern and then devel oped, to thereby formthe photoresist layer 71 into a
mask pattern having a predeterm ned shape as showmn in Fig. 12(c). [0020]
Then, as shown in Fig. 12 (d) , a region on the substrate 70 correspondi ng
to an opened part of the photoresist layer 71 is selectively oxidized, by
usi ng the photoresist layer 71 having a predeterm ned shape as a nask, by a
wet chem safoxwedlain en suistathteemol api hg sulsPedtéant€ Ardcd NicK dat iy dant
such as a hydrogen peroxide solution or ozone water, an anodi c oxi dation
met hod i & & £lRGIiRldY et hoBPb¥t +OTh e A Hat 19 dRitiHa Bethod fuch 2% 19y gen
ion inplantation or "heat oxidation enploying a quartz reaction tube, or the
li ke, to.therehy f oxg di r.eql . ] r l, Ldation,
the T esi SLTayE L TELABASIEY EFP Aot he {08 ot Paa Ha ComsETi B o s
wet treatnent enEIo igg a resist renmoving liquid, or the like, to thereby
obtai n t#RIsAhsERat8970 having the desired oxidi zed region 70a forned
thereon as shown in Fig. 12(e). [0022] The oxidi zed region 70a may be
formed t 600LBht (isI¥edly. &8 GhomimelBUr¥acd 20flt.hehsupRetares¥ot asysowd i n
Fig. 12(e), or may be fornmed to reach a primary |layer 73 as shown in Fig.
12 (f) depemghor@d to light throughamask (reticle) 72 having a predetermined

pattern and then developed, to thereby form the photoresist layer
71 into a mask pattern having a predetermined shape as shown in
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
employing a solutioncontaining anoxidant suchas ahydrogenperoxide
solutionorozone water, ananodicoxidationmethodinanelectrolytic
solution, a dry oxidation method such as oxygen ion implantation
or heat oxidation employing a guartz 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 1ike, 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)



e ottt ing

on the intended use. [0023] For exanple, production of a sem conductor
apparatus generally enploys a technique of |ocal oxidation of silicon
(LOCOs) involving: formng a nmask pattern of silicon nitride which is an
oxidation resistant material on a silicon wafer in a photolithography step;
and locally oxidizing and insulating silicon in a region not covered with
silicon nitride by a dry oxidation nethod. [0024] Patent Docunent 3

di scl oses a technique of formng a resist pattern on a netal thin film of
alum num tantalum or the Ilike in a photolithography step and locally

oxi di zi ngn ankk idigtdaid R thide stBkakatli nof AEMhEwR 183 QN. NGt L0V edali th
the resist pattern by an anodic oxidation nethod for dielectric isolation

of the | o fil oy ' i %44 [ ct,i gn of ' -
- (ypa T ER B e £l e St oty B OUCH 280 1 ho DBk atne
Docunent 4 ﬁ%scloses a.technique of formng a resist pattern on a
conduct i & TRE et PRFEEACcHEE i ron, zinc, aluminum aluminumalloy, titanium
tantal um copper, copper alloy, silicon, silicon alloy, silver,zirconium
tungsten!o@%f m um Yot MPTIMGE bt it KeFLepRustey, apparnrsesal |y
oxi dizing and insulating the conductive material in a region not covered

W t h t hegersisily gatrlerys byt arhranpoel o fokodal icon dagtilodo £ & thieiatoro X LAgGDEON

met hod, or an ion injection nethod for insulation treatnment of a part of 9
a | eadi ngnebeelingderbayehig fOmd Badht S i di 1fircm aitthiidd Which is an

magnet o-r esi stance el enent excluding a | eading el ectrode shape to

oxidationresistant materialonasiliconwafer inaphotolithography
step; and locally oxidizing and insulating silicon in a region not
covered with silicon nitride by a dry oxidation method.

[0024] Patent Document 3 discloses a technique of forming a
resist pattern on a metal thin £ilm 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 (suchas iron, zinc, aluminum,
aluminum alloy, titanium, tantalum, copper, copper alloy, silicon,
siliconalloy, silver, zirconium, tungsten, chromium, ormolybdenum)
in a photolithography step, and locally oxidizing and insulating
the conductive material in a region not covered with the resist

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

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



forma pair of |eading electrode parts as insulatedparts in production of a
thin fil mmagneto-resi stance effective head to be used for a nagnetic

A nformation recordi ng apparatus such as a hard disk. [0026] Patent Docunent
5 discloses a technique of providing an oxide filmon a surface of a
silicon wafer in advance, formng a resist pattern in a photolithography
step, renoving the oxide filmin a region not covered with the resist
pattern with a hydrofluoric acid buffer solution, renoving the resist in a
m xed systemof sulfuric acid and a hydrogen peroxide solution to form a
pat t er n dfleading coreokiddef 1a¥er ahtr el €AfRYTadr 8§FBALNELOROReiEdn RiLlM t he
silicon oxide filmwth an alkali solution by using the silicon oxide film
pat t er n mesgree teske $ hs ta e ® reican th g xfodrudimed acl egd 1 g prleot tsicaie rEapieneo
conponent, a mcrosensor, or the like enploying a silicon wafer such as a

sem condggtRa pRlkeSSHIT é‘aéfﬁ%@!l et rdliel gid e as Bhis0l 8k ebgrd:t d D92 FbaRat e8h
Docunment 6 discl oses a technique of providing an oxide filmon a surface of

a_subst ré‘fﬁa(%ﬁ‘ 14! H%@gé%-f&??&%%??gagﬁfé@ﬁ?v%g'%%%aléifﬁo ngﬁgéh”%ror

zinc) in advance, formn resrs erninanp ography “st ep,
renoving the oxide filmin a region_not covered with %he resj st pgttern
with an %l T@IRESHE Lt PEATMAGHE r ERGOT AG"E ndPPRERSESt BUFBr Afaf BRFdedtFim
pattern in a defined region in a nethod of producing an ornament. 10 [0028]
Pat ent Dbddeht 1: JRRiprmR iyszgnerfatest spdosssne Lechpigug- gé4peoviding

an oxide film on a surface of a silicon wafer in advance, forming
a resist pattern in a photolithography step, removing the oxide
film in a region not covered with the resist pattern with a
hydrofluoric acid buffer scolution, 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 gensor or an inkjet
printer head.

[0027] Patent Document 6 discloses a technique of providing
an oxide £ilm on a surface of a substrate (such as aluminum, copper,
manganese, silicon, magnesium, or zinc) in advance, forming a 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.

10



Pat ent Docunent 3: JP-A 10-268359 Patent Docunent 4: JP-A 6-338035 Patent
Docunent 5: JP-B 3525612 Patent Docunent 6: JP-A 2005-15898 Non- pat ent
‘Docunent 1: Naotoshi Yamanouchi, Mtsuo Takeda, "N trous oxide", Hi gh
Pressure Gas, Vol. 13 No. 3 (1976) P105-111 Non-patent Docunent 2:

"Phot ochem cal Reaction in Gas Phase", edited by Chem cal Society of Japan,
Kagaku Sousetsu Miki-Hi kari Kagaku Gakkai Shuppan Center, No. 39, (1983)
pl4- 38 Non-patent Docunment 3: K Uno, A Nam ki, S. Zaima, T. Nakanura, N.
Oht ake, "XPS Study of the Oxidation Process of Si (111) via Photochem cal

Deconposigdoen of N20pdyemn bdedxeheel. Lases"3218urHace Science, 193(1988),
p321-335 Disclosure of the Invention [0029] However, the above-nentioned

conventional methodsg en@xb &mggta2slbbcgn4s§g§gﬁate or the |ike have the
foll ow ng probl ens. at ent cunent describes the invention enploying a
solution containing ozone dissolved there r rogen peroxi de sol ution
as a solution used f t%&?d@ FyReRF %hegé'$'%§"2€ﬁgggrate. Thus, waste

wat er obtained after the solution is used nust be subjected 11 to

deconposi tion treat feFtENE Nep@weRhudt ngPcdst-PABPédse. [0030) Patent
Docunent 2 describes the oxidation nethod in a gas phase by using nitrous
oxi de, and handl i ng kdteme Pasumenbd| yesIJP-B 3525612

Patent Document 6: JP-A 2005-15898

Non-patent Document 1: Naoctoshi Yamanouchi, Mitsuo
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 nethod requires a sealing device such as a
treat nent chanmber for suppressing generation of ozone, and a tenperature

i nside the treatnent chanber nust be increased as required. Thus, a
production cost of oxidation with nitrous oxide increases. [0031) Patent
Docunents 3 to 6 describe the techniques each requiring a photolithography
step consisting of many steps such as a resist layer formng (resist
applying) step, a light exposure step, a devel opnent step, and a renoving
step for realizing local oxidation of a substrate. The steps enpl oy

di f f er ento appmongiasesi crandre@guene, nuicérélapocaanitnef fost inerbandli ng,
control, and maintenance of the apparatuses. The resist formng step

i nvol vespooranor i zat il Ot HoRURAH © §8L¥eNhedUFhd Gl d tibiPndthd €8 at
and the developlng step generally enpl oys | arge amounts of a strong al kali

sol uti ot ordkehG %Ené us 'EHI eI anfl %Q]h&g {glcﬁf;rtﬁfg 48s %hbﬁ{}]bé‘é‘er

enpl oys cal's rong al KAl | aci t he
techni ques_require nalnten ce in chemc ora safety in chem cal use,
and treéf qg#5ﬁﬁ%te bt angP ghogtﬂ%q %éh feVAEReSuE!

[ 0032) An object of the present invention is to prOV|de a nmethod of

oxi di zi rf @ SuRARRIEE shanbry t Frer apever pepindreenebalbani ohapzong, pawd| ens,

providing a | ow environnmental |oad, involving easily handling, and capable

of oxi dizitwnEe sathsateanioes aie at}neel'a:téa/tah@'ntt ovhamiost , mastl ba Dxcdassed as

apparatus therefor.
required. Thus, a production cost of oxidation with nitrous oxide
increases.
[0031] 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
filmlayer employs chemicals suchas a strongalkali and hydrofluoric
acid. Thus, the techniques requiremaintenance 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 toprovide a method

of oxidizing a substance solving the above-mentioned conventional
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[ 0033] The inventors of the present invention have conducted intensive
studi es and have found a nethod of solving the above-nentioned conventi onal
probl ens at once by using a nmethod of irradiating nitrous oxide dissolved
in water with light. That is, the present invention provides a nethod of
oxi di zing a substance by using a solution by bringing a substance into
contact with a solution containing nitrous oxide (N20) and irradiating the
solution wth light having a wavel ength of at |east 240 nmor |ess for

oxi dation of the substance, and a substance oxi dation apparatus. [0034]
Accor di ngdl dnle, presendingventioon enwirdaineoit 0f laoadubshadlei 8qneheily
conducted by bringing a substance into contact wth a solution containing

ni trous yxddieinfnd dd Faghsl kngr thiel aSA Y 0BuBkE Anbbolt Hawihgigenvebgngt h
of 240 nnor | ess to dissociate nitrous oxide and generate atom c oxygen (0)

havi ng %% g { di,zi Do B?ﬂ%g'&@% ' f ﬁ% 1 c_oxygen (0) is very short
and is ac%ﬁg ﬁ%ﬁ%qhéecoﬁis. da %%%?? yto B%%%ﬁic oxygen (0) dissociated
under pﬂftoirradiation,to transfer to and react, with a substrate_in a
regi on ndtP3dk adi at SRSV EREGEE PE TRT PIGET T THVERT ATy BFVEncPRIUCted
irradiated with light, to therebg al l ow reaction of the substrate in the
def i ned imdginAi v t IBtarmisc erfgehaye) Howrdciat atinger ofpheediingdi Blt¢on
for oxidation. This phenonmenon indicates that an 13 oxidized region having
a desi r exbshapeercaiohed fasmesh thosa 5 ubseb bérs HYy ciscadgbp BBEbkg Sa Nhédhodl o
t hat used for sem conductor production. Further, a selected region al one of
a target; SURSLRANGR IFRY N1 RB oxide dissolved in water with light. That
is, the present invention provides a method of oxidizing a substance
by using a solution by bringing a substance into contact with a
solution containing nitrous 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 lesstodissociate
nitrous oxide and generate atomic oxygen {0O) having strong oxidizing
power. A life of atomic oxygen (0) is very short and is about nano
seconds. A possibility of atomic oxygen (0O) 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 allowng |ight
transmttance on the selected region of the target substance and shielding
light to the selected region alone of the target substance. For

di ssoci ati on of nitrous oxide under irradiation of WIight of 240 nm or

|l ess in a gas phase, an ozone gas (03) which is toxic to human body or the
envi ronnment generates in the presence 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 gwickiszed iNegicaspavipdaey des iratibhagectandie fornatabmiangubstraoe

oxi de dissolved therein is very easy. Difference in handling ease between a
gas and &y seliuig anmasktsinm hgr aodithael vedd gasr isend enedaldtyr spodnction .
exanpl e, a hydrogen chloride gas is a strongly irritant substance,

irritates;amasals Yol rRIRAACondNAET § { At t tRUDIHHRNS madidebrexBosur e
of the gas of 1, 000 ppmor nore for few m nutes. Meanwhile, hydrochloric

acid as S i j s I Gi vall abl e
2o o ol BRREYR soSat A ol AP 08 Tpo S BEk S LR TR a1 B SR
applicatjons such as dissolvi of a nmetal and a praoduction material for a
dye, a ¥YHYr d¥e&s™ RS RE, 'ng‘?u %?glrﬁccﬁﬁfa’realoeheﬁi%ﬁ taggethguppkance
Further, generation of a toxic by-product upon oxidation is very 14 little,
and hydrasehl| sirielatng Eaégh‘éalipyt%éqlﬁieﬁ@s?tr‘i?@ detimosi 19 of rehe nbarget
waste water as a hydrogen peroxi de aqueous solution or the like, to thereby
reduce ajultarncmnerca dieadcandishgof Mitartdsyoxide under irradiation of

UV light of 240 nm or less in a gas phase, an ozone gas (0s;) which
is toxic to human body or the environment generates in the presence
of oxygen in air, but generation of the ozone gas can be suppressed
in a liguid. 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 agueous solution of hydrogen
chloride is 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 like.

Further, generation of a toxic by-product upon oxidation is very
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reduce a treatnment cost. Irradiation of the solution with light having a
wavel ength of at least 240 nmor less while alight irradiation region is
controlled all ows oxidation of the selected region of the substrate and
al l ows oxidation of a desired region without a photolithography step

enpl oying a conplex resist. Brief Description of the Drawi ngs [0035] [Fig.
1] A schematic diagram of an experinental apparatus for conducting

oxi dation deconposition of nethylene blue. [Fig. 2] A graph show ng
experinental results of oxidation deconposition of nethylene blue obtained
by usi ngdittid e .eRper hndneallapparatid Lo imag. 1yl repriigesspo Mdegappeshioidng
experinental results of oxidation deconposition of nethylene blue obtained
by usi ng relsemegnperfi mesttal wappar asus bidFpgenlpenokxhée cageewher gohut Aomeous
solution containing nmethylene blue (10 ppm and helium (He) dissolved

t her ei n oy sha!$ee, [t the AdbPrBBAEE a5haW Norand et &1 1 888N PRINELNCAnPBy and
absorbance of a nethyl ene bl ue aqueous solution at 665 nm obtai ned by using

th et al Fi hial 1 3 9
e eXPOIITEN 8l (ABRLES BLLF] Or 1o k0l ey casCHbLEL, A s P oBRUE

mercury lanp is not turned on. 1 rap ow ng a relat
between tinme and absor ban of a pethyl ene . bl ue .agueouys | ution, at, 665 nm
obt a1 nedi = DS APy LRI RGe A AR AT ZAN BT de BB AF 1 et e e idiere W
irradi ation of the nethylene blue aqueous solution is tenporarily

region is controlled allows oxidation of the selected region of

the substrate and allows oxidation of a desired region without a

photolithography step employing a complex resist.

Brief Description of the Drawings
[06035] [(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
experimentalappara;usofFig.1inthecasewhereanaqueoussolution
containing methylene blue (10 ppm) and helium (He) dissolved therein
is used.

[Fig. 4] Agraph 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 water
under irradiation with an ozone-less high pressure nercury lanp. [Fig. 7] A
schemati c di agram of an oxidation apparatus for conducting an oxidation
experinment of a silicon wafer. [Fig. 8] A graph show ng experi nental

results of oxidation of a silicon wafer obtained by using the experinental
apparatus of Fig. 7. [Fig. 9] A graph showi ng experinental results of

oxi dation of a silicon wafer obtained by using the experinmental apparatus
of Fig. 7 in the case where water containing helium (He) dissolved therein
is used. [Fig. 101 Amiraplslshowingraphehawiion 4 fedbkieashipdatatéantinewat er
contai ning vari ous gases di ssolved therein under irradiation with an

ozone- | 5f3 BHEBrBLASE W s FREEY EnlkeAue bFh8oud Ho1A1SCherBkks h 8geamel an
oxi dation apparatus for conducting an oXidation experinment of a silicon

f
wafer i,n the presence h irradiation..[Fig. 121 A diagram
show ng bay c%snlvrp mé]na xﬁr)r%]fﬂ@%?%%f %%p%ﬁ)%% éo‘J>3<|Eldf::a %bn{'e}ﬁ[ﬁl %@? néalﬁe wgerg
phot ol i t hogr aphy step. _ Descri Q;ti on of Sgnbol s [00361 1, 2:, OXI DATI ON,

APPARAT WS lfﬁaQGaESF’g(ﬁtﬁ\ﬁﬁ?N@é ylene blué agqueous solution is temporarily

stopped.

[Fig. 6] A graph showing change in N.O concentration
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 results of
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 photeoirradiation.

[Fig. 12] A diagram showing a conventional method of
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30, 60, 65: AQUEQUS SOLUTI ON 42, 43: SUPPORT COF SILICON WAFER 20: HI GH
PRESSURE MERCURY LAMP 50: LOW PRESSURE MERCURY LAMP 55: QZONE- LESS HI GH
PRESSURE MERCURY LAMP 56: LIGHT SHI ELDI NG PLATE 70: SUBSTRATE 70a: OXI DI ZED
REA ON SELECTED ON SUBSTRATE 71: RESI ST LAYER 72: MASK (RETICLE) 73:

PRI MARY LAYER Best Mbdde for carrying out the Invention [00371 A nethod of
oxi di zi ng a substance according to the present invention involves allow ng
a target substance to be present in an aqueous sol ution containing nitrous
oxide (N20) and irradiating the aqueous solution with |ight having a

wavel engidradf catidsgaisin el gyimgy d gesottal thlssmcapite MN€pfor oxi dati on of
the target substance. Hereinafter, the oxidation nethod will be described

in detail. 17 [0038] Oxidation of the target substance requires sone
oxi dation active species and the target substance to be present in the sane

system ' \, régﬁi i dation active species are present, and
exanple?%%égiggfaﬁuzéif yd@%gen peroxi de (H202) , ozone (03) , superoxide
(02"

(08 PR 2 Ao A oo (00, and stori oy

10,40,45: CONTAINER

30, 60, 65: AQUECUS SOLUTION

42, 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 an aqueous solution containingnitrous oxide (N;0) and irradiating
the aqueous solution with light having a wavelength of at least
240nmor lesstodissociate N;O foroxidation 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 obviously
advant ageous that oxidizing power of the oxidation active species be high.
Thus, the inventors of the present invention have conducted studies
regarding a nethod of oxidizing a target substance by using atoni c oxygen
(0), which is an oxidation active species having very high oxidizing power.
[ 0039] However, no studies have been conducted regarding a nethod of
oxidizing a target substance by irradiating nitrous oxide dissolved in
water with |light, generating atom c oxygen (0) in the water, and all ow ng

the targriozmbst anc@tiQidie i esent tha thery@dt elsubdtidrldRer refaidekal s6ge
findi ngs have been reported regarding effectiveness of this nethod. [0040]

with a il T oTq B Vi oF X [ [ i
{ranst ot Pad T om eRbroy oTTT ot T el i s (SRR LRy
vicinity, of .nitrous_ ox| exception.refers to _photosensitized

. o] d%. The %Pe%; I Y refer ﬁg
deconposit (T8 SR RePETFF™i n TWMACH 3 nEPEGPY Sy 8PoF3FS OBl FEREECT PRI DT esent
in a gas phase containing nitrous oxide; the gas phase is irradiated with
i ght B&S Bresaner tanee@Mplief bhareekdin@das ayérogrs peeryide s(HePoVi ded
to nitrous oxide fromnercury in the excited state for dissociation of
ni t r ous codrde (OThe sspesicalidex (ept) i oningl eleseyigead (1t ) R a Sydooaiyt Tadicday mond
|. Greenberg, Julian Heicklen, "The Photolysis of N20 at 2,139 A and 1,849
A", I nter.rat)onald dewrial efygeteniogal 1hoeti §8eciddl eadh (HH/2)di PherstPy- 512,
oxidizing power. For oxidation of the target substance, it is
obviously advantagecus that oxidizing power of the oxidation active
species be high. Thus, the inventors of the present invention have
conducted studies regarding a method of oxidizing a target substance
by using atomic oxygen (0O}, 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 atomiec 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 light, and the
phenonenon 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 wunder irradiation of light even in water and
that oxidation of a target substance can be realized by atom c oxygen (0)
caused by the dissociation. As described above, nitrous oxide absorbs no
light with 0>240 nm and for dissociation of N20 into N2 and o, |ight

havi ng % Wersledigie Nk 240 han $Xgdsiecestareo4andpeneirgll Jgupharided
Anaest hesia, 1972, 44(4), 310 reports absorption spectra of nitrous oxide
in a gasgphasecasdoxide diomredeuryninaher exantdetihetatepdor déssocbesidhat a
maxi mum absorbance is at a wavelength of 190 nm [0043] Meanwhile, for

appropr it g1 €e608BRS Bkl ONTRE shiethi A x@gtderi $8ek¥edpka ot e5imbhaifis
desired that |ight be not absorbed by water and nost of |ight be absor bed

v e ° | | : . ‘
a%’ %;rﬁ%rﬁﬁ%gﬁgiﬁ%l?%%b%ﬁ[ﬁ#l% %1"@41%1,(” e IPhJUAWL L0 f1AYEL2, pea

avi ng a wavel'ength I'onger “than at I"'éast the
wavel ength _ of, the peak is desirably jrradiated. -Fromexperipmental results
di scl oocit 13° Exaff bsbAasht | bRt Tttt 14 GHEHEAT G a REeF gt e 619873 nm
or nore is desirabhg irradiated for suppressing |ight absorption by water.
[0044] Adoncent¥Htdlon B9 NP7 tDrde di ssolved in water nust

[0041] That is, in general, dissociation of nitrous oxide is
a phenomenon caused by an N0 molecule directly receiving energy
of light, 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 (0) caused by
thedissociation. Asdescribedabove, nitrousoxide absorbsnolight
with B>240 nm, and for dissociation of N,0 into N, and Q, light having
a wavelength of m<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

| edds to an increased oxidation rate and allows oxidation in a short period
of tinme. However, in consideration of effects of concentration change due
to generation of bubbles or dissipation of N20 into an atnosphere under
photoi rradi ati on at an atnospheric pressure, the concentration is
preferably 5, 000 ppm or less, nore preferably 100 ppmto 4, 000 ppm and
nost preferably 500 ppmto 3,000 ppm [0045] A tenperature of a solution
containing nitrous oxide causing oxidation must be 1C or higher in

consi der ghh &N AfheHRBelrEy aOhasel et hCrdney ehavakeriedbe diparaliehgth
t hereof nust be 99C or lower in consideration of effects of boiling of

vater. Qe Eﬂésgggkaﬁgoﬁe@irﬁbﬁ ‘i%‘i%gﬁ%tetgzﬁiat ?E'r?fﬂ' EQHS,%T%}{%E;BESGQ Lah i Qn

with increasin enperaturée and a're oxi dat'i on r éduci ng
tenperatyre of a _substance to be oxjdized jitself, a tenperature range is
br of or abflyS8EOPEATH0. BRATE Wb oo Lrabilye 55 1 0 W0 Y BOULF. ASVEIEROLE Y e
of an atnpsphere to be brought into contact wth a solution for oxidation,
oxi dat i opf ndy3bemr eyl meed af desérebily izuadéateddipresypbressiag diebtt ain
i ncreased pressure. However, the pressure is preferably about an

at nospheabsoppessur byi wateonsi derati on of dissipation of nitrous oxide from
wat er due to reduced pressure and dissolving of an atnospheric gas in water

due to ipeigpsedpr easHbReehirdPEORASE ML 3R WighbiheANIW White mashker

or the like is used to prevent direct contact between the solution
be 10 ppm or more for obtaining sufficient effects. A high
concentration leads to an increased oxidation rate and allows
oxidation in a short period of time. However, 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 ppnm
or less, more preferably 100 ppm tc 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. In
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, oxidationmay be realized at a certain
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and the atnospheric gas, the atnospheric pressure need not be at about an
at nospheric pressure. [0047] However, for preventing reduction in |umn nance
due to light absorption by an oxygen nolecule in an atnosphere before |ight
emtted froma light source and having a wavel ength of 240 nmor less is
injected into a solution or preventing generation of ozone, a space between
the light source and the solution may be controlled to about an atnospheric
pressure with an inert gas. Further, a vacuum region enploying a |ight
transmtting nenber may be arranged in an arbitrary space between the

sol ut i onreducedepteghursowr 6§, acrer ihien linghreaseur peeesErt ngweeenr tdirged
in the solution together wth the substance. [0048] According to the
present pmeesluren, ias priarendly orabeltsSohii ngtnbkphesiexi geesishesolivent
having an ability of transmtting to light at a wavel ength of 240 nm or

less is %ﬁé%@%f;tloﬁr efeelh %%gs%%he%fofnitt%u%olo&eﬁe It de Bt Qlue to

nmet hanol , et hanol I sopr opano met hyl cycl ohexane, cycl ohexane,

oot o e 20 e IR NE DY o 5 ) £ gL 0

mavelength around 190 nmis partlcularly preferred. [0049] In br| iing the
sol ut i ontOIMHRTRE PFEF IHEE oxi ALt BRI FBSS ¥HREEAD W TRE R én§WB§FéHSQE%$P
phot oi rradi ati on, the substance may be imersed or dissolved in a liquid of

t he sol ubirohheohtlet risngsedi te qrevxidallralaternpatiaveel et vaen stibs tssoicd imay  be

brought into
and the atmospheric gas, the atmospheric pressure need not be at
about an atmospheric pressure.
[0047] However, for 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 light source and the sclution may be controlled
to about anatmosphericpressurewithan inert 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.
[oo48] 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 1like. Water
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contact with droplets of the solution containing nitrous oxide. Further,
the solution containing nitrous oxide nay be dropped on the substance to be
rotated. [0050] According to the present invention, a substance to be

subj ected to oxidation nay be a substance with a characteristic of

di ssolving into a solution containing nitrous oxide dissolved therein, or a
substance with a characteristic of not dissolving into a solution

contai ning nitrous oxide dissolved therein. Exanples of the substance
having a characteristic of not dissolving into a solution containing

nitrous o8 d $SQhvaditheyebn imaldatde tivid NGoht at uwrwaial &aaRearouhan,
zinc, titanium tantalum silver, zi rconl um tungsten, chrom um

nolybdenygb H&Cﬁgl%aP@£9ﬁ9§¥lyrg%gg?%ng.niObiu”‘ yttrium scandi um

neodym un | ant hanuny cerium vanadi um manganese, gallium

ger mani u ipndium tin, .rhadiu palladium cadm um_antinmony, or allaoys
Poci udt ngbohEh " ook prineing bre A I ReRS LR e PRI TS JAER § on
of the solution containing nitrous oxide dissolved therein, the substance
i s oxi di gedtagt utith hegswWbdrieceiRjeRNPEChErgaAataced the st Mmayi on.
Thus, as a procedure for conducting oxidation, the solution and the

subst anciee nhymbesbdooghfiisavdvedniack Witghideafthtbhehepluandnt hennhahéngay be
irradiated with UV light. Alternatively, the substance may be irradiated

Wi th Wihghtoudngkidde 0ltddQt a1 pe tHeo s Hac@ @Rt @6t bWollnthento
substance, to thereby nake such state that the solution is irradiated with

W 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 may be a substance with a characteristic
of dissolving intoc a solution containing nitrous oxide dissoclved
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, vanadium, 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 dissclved 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 light, and the

subst ance nmay be brought into contact with the solution. Exanples [0052] As
descri bed above, dissociation of nitrous oxide nay be caused even in water
under irradiation of light having a wavel ength of 240 nmor less, and a
substance can be oxidized wth atom c oxygen (0) generated through the

di ssoci ation. Further, photoirradiation while controlling a |ight
irradiation region allows oxidation of a defined region of a substrate

al one. Hereinafter, the present invention will be described in detail by

way of examphessol0%dh . <Qthela! i ph LeaMmesitd g ofcdmRidBH18Re iR idn,

typi cal exanple of a nethod used for "eval uating oxidizing power of a

y e of a e X ng | |
e blue 2ebahoafindbs S BpEoR ERRR Rl T B ERT, e ol D S

sol uti on beconmes col orl ess upon_oxi dati on For eyal uatin xi di zi.n ower
of a phofdeht AHR{T . aaéﬁanﬂ?egi WHOARs JPHANEE &rﬁa%"{”ﬁ?‘%eﬁ’g‘t& ukY ( 3¢

aqueous solution at 665 nmis generally neasured. Reduction of an

absor bandétefnahé vedyhytbaesuldSt Phee wan0 bepayradiesed worhtVon imhteesnen t o
about 10% of an initial absorbance generally requires about several tens
m nut es tahesewenlonhmagr gds biriondhes initth canghetoedttal ywdfe SulBF4nde,gtd is
a schematic diagram of an experinental apparatus for conducting oxidation

deconposi b9yt maRkhkLeRe sbhue. thike texpebili@ital i3PAFRAUS tidechMdes iy
contai ner 10 havi ng one open
light. Further, the solution may be irradiated with UV light, and
the substance may be brought into contact with the solution.
Examples
[0052] As described above, dissociation of nitrous oxide may
be caused even inwater under irradiation of 1light having a wavelength
of 240 nm or less, and a substance can be oxidized with atomic oxygen
(0) 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. Methyleneblue isblue as an aqueous solution. The bluecolor
disappears and the agueous solutionbecomes colorless upon oxidation.
For evaluating oxidizing power of a photocatalyst, a change in

absorbance of a methylene blue (10 ppm) agquecus solution at 665

nmiggenerallymeasured. Reductionofanabsorbanceof themethylene
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surface, and a high pressure nmercury lanp 20 arranged directly above the
contai ner 10. The high pressure nercury lanp 20 emts light 1including a
wavel ength of at |east 240 nmor |ess and has an output of 1,200 W The

hi gh pressure nmercury lanp 20 is arranged close to the container 10 such
that light of the lanp irradiates all surfaces of the container 10. In the
contai ner 10, a nethyl ene blue aqueous solution 30 containing nethyl ene
blue (10 ppm) and nitrous oxide dissolved thereinis filled. [0055] Fig. 2
is a graph show ng experinental results of oxidation deconposition of

met hyl engihkue; @RIRNaduRY:ULSEBIUE RN £X BRI ARNE 8laRanatus £ ShwWhiiti £ 9.
1. In this case, "about 1,000 ppmof nitrous oxide is dissolved. In the

n this cese, ‘dbout ‘oxide I's di ssol ved.
Verti cal 2ARpetaRER ol LR E Suir SBvEh Al AObER TR £l B ©

solution.  at 665 nm Light transm ttance ﬁT is represented by a
mat hemat PEBATCERpFEBYLER Y1iihd 2aRPRbS6AhaR¢E s represented by a

mat hemati cal expression 2, where |li represents an intensity of |ight

i nj ected [0PAtd a subBigncd ahd kB, Fdpresiet sdapgramersl t §nofexpeghimesitadt ed

24 fromthe substance. [0056] [Math 1] LO x 100 = T (transm ttance)

Mat hemat hpphraxpesesst oonduck ingMatidat]ion degodpesit {ahsdf hanbe) eMatiiernt | ca

expression 2
The experimental apparatus includes a container 10 having one open
surface, and a high pressure mercury lamp 20 arranged 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 suchthat light of the lamp irradiatesall 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. In the graph, a horizontal axis
represents a photoilrradiation time (min), and a vertical axis
represents an absorbance of the methylene blue agueous 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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100 [0057] The graph of Fig. 2 confirnmed that about 50% of nethyl ene 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. 3 is a graph showing results of an oxidation deconposition experiment
of net hyl ene bl ue obtained by using the experinental apparatus shown in
Fig. 1 in the case where an aqueous sol ution containing nethylene blue (10
ppm and helium (He, about 16 ppn) dissolved therein is used, and show ng a
rel ati onship between irradiation tine (mn) and absorbance of a nethyl ene
bl ue agqueeass t1s®! i Orade 665 nm [0059] Helium (He) is a well known inert
gas and is known to absorb no |ight at 665 nm For conparison with nitrous
oxi de- mfﬁﬁggfd vat efy, l{,um (He) was forcibly dissolved in water for
removi ng alr ‘conmponents (such as N2, 02, and C02) dissolved in water to be
used. The graph of Fig. 3 revealed that the results differ fromthe results

h F f th de- di ssol ved wat
1960, SUBSTARYY &l P\ A FABOMEBIT T on ML eRBEERPite d WAAT S at | on ¢ me

of 1 nln “and not nuch methylene blue was deconposed with an irradiation
time of 3 mn. That is, conparison between Fig. 2 and Fig. 3 confirned that
nmet hyl enBMdtlue2] can be oxi di zed and deconposed under photoirradi ati on of
nitrous oxide.

T \ .
- log—o— = A (absorbance) Mathematical expression 2
100

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

[0059] Helium (He) is a well known inert gas and is known to
absorb no light at 665 nm. For comparison with nitrous
oxide-dissolved water, helium (He) was forcibly dissolved in water
for removing air components (such as N;, O, 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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[0060] Fig. 4 is a graph showing a relationship between tinme and absorbance
at 665 nm of a nethyl ene bl ue aqueous solution 30 left standing obtained by
usi ng the experinental apparatus shown in Fig. 1 in the case where a high
pressure nercury lanp 20 was not turned on. The aqueous sol ution 30
contai ns net hyl ene blue and nitrous oxide dissolved therein, but the
results confirmed that the absorbance at 665 nmdid not change even after

t he agueous solution was left standing for 60 mn in the absence of
irradiation of light having a wavelength of 240 nmor less. That is,

conpar i sgRi 88t deedol red watcdasugedd COubst aRd14 Doy RSy RHEs Dt U6n Was not
oxi di zed and deconposed in the absence of photoirradiation of nitrous

oxide. LQ0BUuERG: & bs £ BLAPN: 98O e BrChangE agdalbaer;jnhﬁat}ﬁg.eemene

nmet hyl ene ue agueous solution at nm obt al ned by usin

experiment al apparat us sho in Fig..1 in the case where the aguequs.

sol ution? %emﬁggié?%ﬁm%ﬁ%%gafiﬂhvegiﬁ%?aé%ﬁﬁ}ﬁph'ﬂweﬁ?ég%GPéLneﬁﬁﬁ%ylsvanp
20, the WV light irradiation of the_aqueous solution 30 was _stopped_after
0.5 m n, CaneR¥ hecndrlorrens dlig i srnd Mk i°rraafaread Wiath mezhyilgite &daen
after additional 1 mn. The graph of Fig. 5 26 confirnmed that: nethylene

bl ue in tée lagusdudi sod wWndlavasnaesahposed phictle istradt adfi dgvolfi ghtrous
irradi ation; deconposition of nmethylene blue stopped for 1 min after the W

light irgagdhgati on was stopped; and after that, deconposition of nethylene
bl ue began with a resunption of the U/ light irradiation. In this way, the

;glsg'cz isngé’gébf med  tRAL & SUPSt §RGEROXhAREAQTh LI, (S If f BBk 1 Y
and absorbance at 665 nm of a methylene blue aqueous solution 30
left standing obtained by using the experimental apparatus shown
in Fig. 1 in the case where a high pressure mercury lamp 20 was
not turned on. The aqueous soclution 30 contains methylene blue and
nitrous oxide dissolved therein, but the results confirmed that
the absorbance at 665 nmdidnot change evenafter the agqueous 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 agueous solution at 665 nm obtained by using the
experimental apparatus shown in Fig. 1 in the case where the aqueocus
solution 30 was irradiated with UV light by the high pressure mercury
lamp 20, the UV light irradiation of the agqueous solution 30 was

stopped after 0.5 min, and the agueous solution 30 was irradiated

with UV light again after additional 1 min. The graph of Fig. 5
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UV light irradiation tinme. [0062] The experinents (shown in Figs. 2 to 5)
descri bed above were all conducted at roomtenperature (about 24C). The
results confirnmed that in the present invention, the substance oxidation
time can be controlled by selecting the UV light irradiation tine. 1In the
present invention, the life of atom c oxygen is very short, and generation
of atom c oxygen stops when the W light irradiation stops. Thus, stopping
of the W/ light irradiation substantially indicates stopping of oxidation.
In the experiments, the high pressure nmercury |anp 20 was used as a |ight
source f@PREIE8EEtAAtigne HIY YRR boYRd@ LI ATHCPI§HOIHUIIEWaR degompg Sefe

hi gh pressure nercury |anp can be used as long as the light source emts

| i ght hawing stamaeé| @ndtlhtf 1 2radhat bent ekssonpees iltEnm hidnetrhplepe b lok
1,200 Whbut nmay have a different output for realizing oxidation

deconpositbpped! fiot he ngias @ ftler eneheyvsaight aird &l asksh Wil @tdidddnand
deconposition rate is generally affected by the output. That is, a small

| am out ut o Py e aeBohBANG Y oAX) R0 14REOTPAS Uk [i3LE o +AAANR L BLOE

'a
| anp out put provides an fncreased oxi econposition 27 rate. The | anp

out put na bi ily be selected in _accor.dance Lth_the.desired.oxidation
decomos?¥i%erﬁglq%ﬁﬁrﬁﬁt%o?s atang(r% R %%E&BP&%SOHO eclFY of a
nitrous oxide aqueous solution (nitrous oxide content of about 1,000 ppm

under W Fh@ht2siksansorplPision tHE SaPedmemrdrodgsar usedrcting. a1. " In

this case, the container contains no nethylene bl ue.
UV light irradiation time.

[0062] The experiments (shown in Figs. 2 to 5) described above
were all conducted at room temperature (about 24°C). The results
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. In the experiments, the high
pressure mercury lamp 20 was used as a light source for dissociating
nitrous oxide, but a light 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 is used, anoxidation
decomposition rate is generally affected by the output. That is,
a small lamp output provides a reduced oxidation decomposition rate,

anda large lamp output provides an increased oxidation decomposition
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A horizontal 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 of nitrous oxide (N2O). C3 represents an
absorbance after an irradiation tine of 3 mn, C2 represents an absorbance
after 1 mn, and Cl represents an absorbance in the absence of irradiation.
The graph revealed that the absorbance was zero with |light having a

wavel ength of 240 nm or nore and the |light was not absorbed at all. That is
, 1t was revealed that dissociation of nitrous oxide by |ight energy

i rradi at Yahe wasThendrameo mirfgEivdd map0 @841 tralid vl behewd eatekladge acronidenees

oxi de concentration determ ned fromthe absorbance at a wavel ength of 205
nm of Figith6thdotiesihatl tRedattonudeosmgestcaneaniagation was cal cul ated by
mul tiplying a concentration at an irradiation time of 0 as a saturated

concent [ g og) (val Uepsd . 8 NRLGIdABREAHE 1o R orDipact £h &lF ¥ Birvale of

each absorbance. The results revealed that the nitrous oxide concentration

absor ! > revealed th : |
Change | A0 HoIRERT S b kel e bhilecPhadnl & Fot Tnpod B S 1

Irradi ation tine Absorhance N2Q concentratiaon Rel ative value) O mn
0_11855(3@@§§¢gvf@@ﬁﬁbﬁﬁgadlatlon by using the experimental apparatus of

Fig. 1. In this case, the container contains no methylene blue.
A horizontal axis represents a measurement wavelength region of
200 to 340 nm, and a vertical axis represents an absorbance. Each
of curves C1l 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 Cl 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 1light was not absorbedat all. That is, it wasrevealed
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
multiplyingaconcentrationat 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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1 mn 0.06427(54.2% 579 ppm 3 mn O. 02227(18 8% 201 ppm *Cal cul ated by
mul-tiplying concentration at O mn as saturated concentration (determ ned

t hrough cal cul ation at water tenperature of 25C) by relative value of each
absor bance. [0066] Fromthe experinental results shown in Fig. 6,
substantially no by-product of ozone (03) was detected. That is, a maxinum
wavel ength (omax) of ozone is 260 nm but the absorbance at 260 nm was at
detection limt or less. [0067] <Oxidation of silicon wafers Next,

experinmental results of oxidation of a silicon wafer w | be described.
Fig. 7 ig gﬁ:hematl ¢rdbagram of an oxidation apparatus for conducting
oxi dation o? licon wafer. An oxidation apparatus 1 includes a container

40, and Iow1 es nmer cur 50, arranged di.rect above
cont ai ne?hﬁﬁgeTi‘iB ﬁ%lév %9%%%%1}2/&}%} Al ?% %ﬁ’%rﬁqsoﬁa@g’% iHel ug'zeos T
wavel engt h o441 i3Mion tigeSs and hagggrHdaut of 110 W FrET‘raBIy, the
| owpressure nercury lanmp 50 is ﬁéﬂgg%béﬁ%éﬂ e a¥:H698FBRETESICRe”
S, a bottom

cont ai ner 4 ' 1

contai ner 40. 29 | The contad rbe6r4 C 3

surface, and an opr1* per surface, di’s Tq rmed of Tef E%Qistered
tradenmark), ] are
formed onchheuhgtbamsurhacs (ofyihe @&%&hﬂ?&(tﬂﬂl &doanhaclks saturated

he

concentration (determined through calculation at water temperature

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

[0066] From the experimental results shown in Fig. &6,
substantially no by-product of ozone (03} was detected. That is,
a maximum wavelength (Aamax) of ozone is 260 nm, but the absorbance
at 260 nm was at detection limit or less.
[0067] <Oxidation of silicon wafer>

Next, experimental results of oxidation of a silicon wafer
will be described. Fig. 7 is a schematic diagram of an oxidation
apparatus for conductingoxidationof asiliconwafer. &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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surface of a silicon wafer Wis supported by the protrusions 42. An aqueous
sol'ution 60 containing nitrous oxide to be filled in the container 40
cont ai ns about 0.16 (1,068 ppm of nitrous oxide. The silicon wafer Wis
arranged in the contai ner 40, and then the nitrous oxi de aqueous sol ution
60 is filled in the container 40 such that the silicon wafer Wis entirely
and sufficiently imersed. In this exanple, as a silicon wafer to be
oxi di zed, an oxide present on its surface has renoved with a hydrogen
fluoride aqueous solution in advance is used. [0069] Fig. 8 is agraph

showi ng resgdit s of 1 Eleht @n&f 48 iFidIhGRE s W 8hir ehtakneth by MEEN9r L BE,
oxi dati on apparatus shown in Fig. 7, and shows a relationship between

phot oi rrgdi at.i o i r a :hord I i j A) of
an oxidéﬁ?#?%#f%?%%gﬁgﬁggagé??%ggh %é eﬁgédi acéﬁfﬁgﬁgégn ed%%%@ggﬁggﬁé
axis. The thickness_ of the_oxide fil mwas determ ned,through wavef orm
anal ysi SEACREDH < FRE EAMR-0uBROXE Fa Y OBRGCHAEER B8 St TG ibPy - PRPS)
This nmethod is described in Kazuaki Ckuda, Akio Ito, "Measurenent of a

t hi cknesgsreofformead ety baltoac sustpge Pifl Fhey cxnEaynghot el abdr anback
spectroscopy”, Bunseki Kagaku, vol. 40, (1991), pp. 691-696. The graph of
Fig. 8 canffacmedft katsidn con defferd W wist huppbhiteknbgstbé pBO6tabsubné 42 was
formed after a photoirradiation tinme of 1 min, and an oxide filmwith a

t hi ckness f el d v Y@s 4 @radek fd Big a1 PROLS1 6% gk atbOPet ETEIO/ SnMi n.
[ 0070] Flg.cﬁ is a graph showing a rel ationship between

the container 40 contains about 0.1% (1,068 ppm) of nitrous oxide.

The silicon wafer W is arranged in the container 40, and then the
nitrous oxide agueous solution 60 is filled in the container 40
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 Kazuakil Okuda, Akio Ito, "Measurement of
a thickness of a thinmetal 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 tinme and thickness of an oxide filmformed on a silicon
wafer surface by using the oxidation apparatus showmn in Fig. 7 in the case
where the silicon wafer Whas been oxidi zed using water (heliumcontent of
about 16 ppm containing helium (He) dissolved therein. For conparison with
ni trous oxi de-dissolved water, heliumwas forcibly dissolved in the water
for renoving air conponents (such as N2, 02, and 002) dissolved in the
water to be used. The graph of Fig. 9 revealed that an oxide filmwth a
thickness of only about 1 A was forned after an irradiation tine of 1 mn
and an @kRcHé i Pnt'dst RoameRi ekRessaoPhehPiTapduRt 20n hasef of nbdninf tadan
irradiation time of 3 mn. Conparison with Fig. 8 confirmed that the oxide
fil m cannefokiicieerftillyn vel thoravethiorkrtdres suf fametofl10 thevass | foomeded EretVa
brought into contact with the water by irradiating nitrous oxide in the

wat er Wighlbtldighad06H thhe: @od datdian, (shown in Figs. 8 or 9) of the
silicon wafer was all conducted at roomtenperature (about 24C). In the

oxi dati qpg7lohe | ow pigssu ei%Erapug%z?%ﬁngh%qu gs?&&?ﬁégn{shg%f pSELe for

di ssoci ati ng nitrous oxide, but a t source exc OW pressure
mercury _lLanp.can he used.as |on .the light source. epits Light having a
el engtR B Baiants e U BikiRerentr 815REgeafbit EoPRSA IR hanged
and may have an output excluding 110 Wfor realizing oxidation '
deconpos§iltliieen Mt fite BEFRGMdNe UHa S dhe e GO SRPAER Wi hadnin

deconposition rate is generally affected by the output. That is, a snmall
| anp ouffdgt. priovictescase ethexsdthe silicon wafer W has been oxidized using

water (helium content of about 16 ppm) containing helium (He)
dissolved therein. For comparison with nitrous 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. Thegraphof Fig. 9 revealedthat anoxide filmwithathickness
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
afteran irradiation time of 3min. ComparisonwithFig. 8 confirmed
that the oxide film can efficiently be formed on the surface of
the siliconwafer 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 light source

emits light having a wavelength of 240 nm or less. The lamp output
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oxi dation deconposition rate, and a |arge | anp out put provides an increased
oxi'dati on deconposition rate. The lanp output may arbitrarily be sel ected
in accordance with the desired oxidation deconposition rate. [0072] Fig. 10
is a graph showi ng a behavior of the oxide film on the silicon wafer W by
usi ng the oxidation apparatus of Fig. 7 in the case where an aqueous

sol ution containing various gases dissolved therein was used. A horizontal
axis represents W light irradiationtinme (mn), and a vertical axis
represents oxide film thickness (A . An ozone-less high pressure nercury

| amp wasm&ﬁeﬂrbﬂgrarhughbesenaﬁged[QQaShaynhbbe ghaphicpt, eﬁ%auaamﬁgn4064
are sol utions contalnlng N20 air, and an inert gas (such as

, N2,
Ar) N2
1 i 11 ey Hhaind SR o SL BB e R R e Bphe
gas- dlss€lved mater The thlckn s of the OXIde filmafter |rrad|at

time of 1P AHS WESds A PEIREGONFRCPBPODEE TR AFST 15i9S Y p&t5c %r

He, N2, or Ar. [0074] One factor for reduction in oxidation rate curve with
i rradi atPBnthe nBUFBUEeduBE*bnif n @oABRHLr SEMBNOBEPHA BXPHALPEn2agedieeds?
species present in water. Thus, injection of unused nitrous oxide into the
cont ai nesxifaf bon pievemposit T @uuctieon aivd eohsege rmproutyiut percoxiddat Ban
active species in water presumably suppresses reduction in oxidation rate.
increased oxidation decomposition rate. The lamp output may
arbitrarily be selected in accordance with the desired oxidation
decomposition rate.
[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 agqueous solution containing various gases
dissolved therein was used. A horizontal axis represents UV light
irradiation time (min), and a vertical axis represents oxide f£ilm
thickness (A). BAn 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,Q, 0., 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-O, 3 A for 0,, 2 & 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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[0075] Next, experimental results of silicon wafer oxidation by using an
aqueous solution containing nitrous oxide, a hydrogen peroxide solution,
and ozone water in the case where a region subjected to photoirradiation
and a region subjected to no photoirradiation were provided will be
described. Fig. 11 is a schematic diagram of an oxidation apparatus for
conducting oxidation of a silicon wafer. An oxidation apparatus 2 incl udes
a container 45, an ozone-less high pressure nercury |lanp 55 arranged
directly above the container 45, and a |ight shielding plate 56 for

shi el di n§PEFABERFRREMRIITOHASETa dBRIAed IR GIPBHPO L HBUSPA RHRr Qs 1Xidme
ozone-less high pressure nercury lanp 55 emts light including a wavel ength
of 240 nimbp kbsscohiadnexakpl doshpwsvantisy weshettilon in glncshitetadi i

pl ate 56 was arranged above an aqueous solution 65 as shown in Fig. 11, but

the |ighbfshhel dixigiadiaire &b Ord yspeelss i shterdplieghinabo ybeuggadisdsed to
t he aqueous solution in contact wth a substrate. Thus, the Iight shielding

plate 56r€8¥9@ ghraggngdb@lbgergqgeous solution 65, or the light shielding
pl ate 56 6e arrange in contact with the substrate. Oxidation of the

substr at the pr inveniion ovrd no | i ght ener to i,

subst et hgythe AT T i ?rsae e A R on
solution 33 in contact with the substrate Thus, ght does not necessarily
have to P¥a@HiBTISAHAFIRVISS ﬁPfléJGéonaﬁenFﬁénaaae’éh’ér@‘éF WRFHE T R ETRRgen wi th

the substrate may be irradiated with |light horizontally such that no |ight
i s direcpkyokidadicdted arn am@osahstedes Juthaceseoherearegionsubjected

to photoirradiation and a region subjected to no photoirradiation
were provided will be described. Fig. 11 is a schematic diagram
of an oxidation apparatus for conducting oxidation of a silicon
wafer. 2An 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 agueous sclution in contact
with a substrate. Thus, the light shieldingplate 56 may be arranged
in the aqueous solution 65, or the light shielding plate 56 may
bearranged incontact withthe substrate. Oxidationofthesubstrate
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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di ssoci ate nitrous oxide and oxidize the substrate, for exanple. |In this
case, the light shielding plate may be arranged on a side of the substrate
for shielding light. In any case, the present invention is realized even if
i ght eventually reaches the substrate surface as |ong as no chemi cal
reacti on suppressing oxidation occurs on the surface of the substrate
itself. [0076] The container 45 includes side surfaces, a bottom surface,
and an open upper surface, and is formed of Teflon (registered tradenark),
for exanple. Protrusions 43 each having a certain height are fornmed on the

bot t om sunf a6t 9t ther 8 OMhal ghsbat&nd 18 RACK i gHE TR ofodt bR &iddagan ywaf er
Wis supported by the protrusions 43. An aqueous solution 65 to be filled

in the Cﬂgﬁgoth%efde cr’hhssxﬁ{%&%‘{geggégfégé”%‘n%“ck?@&%ﬁé@h@%oai orQiI]I_ffh gl rous

oxi de, rogen ~ peroxi pm 0Zone wa |con
waf er Vvls arran d in the container 45 nd. then, the a eous utlo 65
e o Bt U R R tro e D R e AR e AL s

and suff|C|entIy i mmersed. Then, the light shielding plate 56 |s arranged

above t hehagueoubiglt uts o e tsky asrraiipred o i SuRstratg e fagieeto | n
this exanple, as a silicon water to be oxidized, an oxide on its surface

has renodedswcthata hydrogsnoiiﬂeramueaxﬁﬂﬂngsthb4snﬁsﬂﬂanej If cad exao@ lies
used, and all oxidation treatnents are conducted in roomtenperature for 1

mn. [0074]tHhe ddueknass 1afgHthenaxde nl bmaee hhe Béld LRy &n elieer sed

in about 0. 1% N20- di ssol ved water was 4.5 in a region
of the substrate for shielding light. In any case, the present
invention is realizedeven if light eventually reaches the substrate
surface as long as no chemical reaction suppressing oxidation occurs
on the surface of the substrate itself.
[o076] The container 45 includes side surfaces, abottomsurface,
and an open upper surface, and is formed of Teflon (registered
traderﬁark) , fTorexample. 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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subj ected to photoirradiati on. However, the thickness thereof was a
detection [imt (0.1 A or less in a region subjected to no

phot oi rradi ati on, and oxidation did not proceed at all. The thickness of
the oxide filmin the 31% hydrogen peroxide solution was 3.7 Ain the
regi on subjected to photoirradiation and 2.7 A in the region subjected to
no photoirradiation. The thickness of the oxide filmin the 4 ppm ozone
water was 1.9 Ain the region subjected to photoirradiation and 3.2 Ain
the region subjected to no photoirradiation. That is, ratios of the oxide
filmthiseKnesison i tint Advaageornd ssubett eand oaphobeiird=adicat i Ored tméies oxi-de
film thickness in the region subjected to no photoirradi ati on were 45

tines orcdmiftdd hibotn G- eissedved water, 1.4 times with 31%

hydr ogen peroxi de solution, and 0.6 time with 4 ppmozone water. Wth the

ozone t he oxi L] i re 0t he_regiop. |.e to
photoi¥fﬁ§ﬁzﬁﬁ on. Tﬁgﬁ?égﬂg%éﬁg%ﬁgﬁfﬁgg ﬁ#g?gakgé%f grgﬁ%eg%%§§§#d§éfgﬁ
power between the region subjected tq phot%;rradiation and the re%ion

subj ect &l {FeREEshforPrati At Hol¥-Ondd seelyerargkeni Y&S the® Rod dRsEe¥ ver
wat er conpared to that with the hydrogen peroxide solution or the ozone
wat er, avbianitedtpiplort ol rradibat bom on Hangveat etihed phwitng 33 &dieasicdnwas one
can be oxidized 35 by controlling the photoirradiation region wthout
oxi di zi ng déte=ct gh obisib] éot ed Ajo ovo Pt olmr adirayiion GEjtddextico Ao
silicon wafer oxidation experiment enploying an exciner |anp as a |ight
source WHdtderdesddgd. A8 USQHLNGN®AId not proceed at all. The
thickness of the oxide film in the 31% hydrogen peroxide solution
was 3.7 A in the region subjected to photoirradiation and 2.7 A
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-dissclved 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
was very large with the N;0-dissolved water compared to that with

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

in the region subjected to photoirradiation alone can be oxidized
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| anp emts |light having a wavel ength of 172 nm but use of the excinmer |anp
i n"an at nosphere causes extensive ozone generation. That is, light is
absorbed by the atnosphere. Thus, photoirradi ation was conducted while a
nitrogen gas was purged for preventing light attenuation by the atnosphere.
[ 0079] Photoirradiati on was conducted for 1mn during purging of about 5

m n under experinmental conditions including: an inner volunme of a chanber
of 8 1; a nitrogen flowrate of 12 1/mn; a water tenperature of 23C, a

wat er amount of 50 ml; and a distance between the excinmer lanp and the

cont ai nasy aford 160 1 iy ethe yhes oinfraajuedus selgulonons thieed berk dilze ngxpeei ment
i nclude a helium aqueous solution (heliumcontent of about 16 ppm , a

ni trous %f@nW@te@%é‘tﬁ8nplﬁ@té{9§§d%tg&lcoment of about 1, 000 ppm
, an oxygen aqueous solution oxygen content of about 40 pprr) [ 0080] The

t hi cknes he oxi il m .t . _Wimersed hel i um
agueous Eoﬁfﬂt on vvasl\ge%(g' S?f‘ﬁe %)% W?ﬁ‘l‘e'c HeSEP ﬁ/a%“‘snﬁ E\”‘Rttfgttlt‘ﬁe

ni trous oxi de aqueous sol ut | on, the oxide filmthickness was 0.5 A with
the oxydeheXGiBEES a5 af |ao%19hErﬁémF€§Jf1t]sl b fesrEPachat THRI W] SRCAERE| y
proceeded with all aqueous solutions. Further, the thickness of the oxide
filmdi dlar@@eméttsc]tﬁegtgtehevéngimweneleaseh\mfe&éztm butadieactdrhe ereinas
extended for 3 mn with respect to the nitrous oxi de agueous sol ution.
[0081] Phahpiinr adi stirhasphese condiest edtwhislhecdsophetgerafatlich. mMrhatet e,

pl aced on the silicon wafer and the droplets were in contact

light is absorbed by the atmosphere. Thus, photoirradiation was

conducted while a nitrogen gas was purged for preventing light
attenuation by the atmosphere.

[0079] Photolrradiation 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 agqueous
solution (helium content of about 16 ppm), a nitrous oxide agqueous
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 agueous 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
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with the excinmer |anp. Photoirradiati on was conducted under purging of a
nitrogen gas in the same manner as that described above. The results
confirned that the oxide filmthickness was 0.6 A with the nitrous oxide
aqueous solution and the oxide filmthickness was 0.4 A with the oxygen
aqueous solution and that oxidation hardly proceeded with both aqueous
solutions. [0082] The experinental results suggested that: light (172 nm
emtted fromthe exciner |anp was nostly absorbed by water; nitrous oxide
was hardly deconposed; and the oxide filmhardly grew on the surface of the
si | i con neff ethangeraxenuin alsorbarcehofe wiicet riraddtt ianwained engd kxokndied nm
and thus light to be irradiated to the aqueous solution nust have a

vavel engtdr- | 9nges DR Ac¥puet epgt hhat nibi-ehs bhegabashpange sehupaber. is
sufficiently small. At the same tine, the absorbance "of |ight by nitrous

oxi de mu short 40. I i . Lr | e r.ange
of 1ight ﬁﬁ?ﬁ@e i rragélqa(%{;%&{%&f%e Al t"\;r‘lioshg °§9¥Y§§eggﬁg§§§ @%?%?%’%% ?C(ysjft ?7 n%
or nore and 240 m or. | ess. (%1(%%%] I n_the oxidatjon apparatus, 1 shown in
Fig. 7, Ts¥sreRI2pet Wehle hrasetrdchehe d4yPR BET &P CREtact

container 40, and between the | ow pressure nmercury |lanp 50 and the silicon
waf er WwB7htheexcimer lampy e Bt plarinaEia tardrywasfdoneic e wih@e t pREgdner e
the sane light source is used, a small distance between the |ight source
and nit rofisas editdegeexgati hg the anmedmaceet 4o aitaoxdakadrdred algete sulfakance
very cl osely
results confirmed that the oxide film thickness was 0.6 A with the
nitrous oxide aqueous solution and the oxide film thickness was
0.4 A with the oxygen aqueous sclution and that oxidation hardly
proceeded with both aqueous solutions.
[0082] The experimental results suggested that: light (172 nm)
emitted from the excimer lamp was mostly absorbed by water; nitrous
oxide was hardly decomposed; and the oxide £ilm hardly grew on the
surface of the silicon wafer. A maximum absorbance of water is at
a wavelength of 167 nm, and thus light tobe irradiated to the aqueocus
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 light tobe irradiated
to the nitrous oxide agqueous 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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generally allows efficient dissociation of nitrous oxide with increased
il 'um nance and i ncreases an oxidation rate of the oxidation target
substance. In contrast, a |arge distance between the |ight source and
nitrous oxide existing in an adjacent to the oxidation target substance
very cl osed degrades efficient dissociation of nitrous oxide with reduced
illum nance and reduces the oxidation rate of the oxidation target
substance. The above-nentioned di stance may be changed in accordance with
the desired oxidation rate of a substrate. [0084] <Al um num oxi dati on>
Next, expes hoeilaadt resudtis, o f onedat i DNt hé cakeabhut Uik Haaieel 1 Bt eshufrgean
aqueous solution containing nitrous oxide, a hydrogen peroxide solution,

andozone; i c i syubj Ql at kan and
e g R e D R R e s e b A

o dat | o Spen o EHERE e B w g S Fade RRRaRRER Y GodEr e

container 45 includes the side surfaces, the bottom surface, and the open
upper s¥IRREA L BAdALSOVSr R It eRdt | ST RF SeRr 84 T AdEHS K9X1E®r Wakhnpl e.
The protrusions 43 each having a certain height are formed on the bottom
surf ace Dicrtérsednidlpnminaggeismndngncheabask agurdat@apionheagleundhuthpl at e
is supported by the protrusions 43 . The aqueous solution 65 to be filled
in the coniddtnbsn tdrdet anbaguaces SDh Wdmtraeant ai nge @idtar(tel Yeoiedint r ous

oxi de,

the light source and nitrous oxide existing in an adjacent to the
oxidation target substance very c¢losed degrades efficient
dissociation of nitrous oxide with reduced illuminance 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.
[C084] <Aluminum oxidation>

Next, experimental results of oxidation of an aluminum plate
by using an aqueous 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 gilicon wafer W of the oxidation apparatus 2 shown
in Fig. 11 to the aluminum plate.
[0085] The contailner 45 includes the side surfaces, the bottom
surface, and the open upper surface, and is formed of Teflon

(registered trademark), forexample. Theprotrusions 43 eachhaving

a certain height are formed on the bottom surface of the container
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a 31% hydrogen peroxide solution, or 4 ppmozone water. The alum num plate
is-arranged in the container 45, and then the aqueous solution 65 is filled
in the container 45 such that the alumnumplate is entirely and
sufficiently inrersed. The light shielding plate 56 is arranged above the
aqueous solution so as to partly cover the alumnumplate. In this exanple,
for confirmng reproducibility of experinental data, the alumnumplate to
be oxi di zed had a thickness of a natural oxide filmon the surface of the
al um num pl ate before oxidation treatnment of about 17 A through

pretreat gent ;i tihe bW ERAFEIE BE] Qhé%ﬂ#ﬁl&@'fﬁlt&@-i_s%h}f_ﬁékgéﬁi the
treatnents were conducted in roomtenperature for 1 mn. e effect of the

Cdat i . . . . . . with
espoct  PECEREBIRT S uHEeRTI T APLRR Bl B ok IR s e A it ness
i ncrease of the alum num plate inmrersed . n about 0.1%)N20-dissolve%xﬂgter

was 10. 94R if AP rEPHTNMS S HADY CHHFHAT AEGUEt Poh® POWRYETOUS IR

t hi ckness thereof was a detection limt (1.4 A or less in a region

subj ect ed 31% hydrpaendreratide FOALLARY, O dATTOAZERE WedtEepr ofBed lamigiym  The
oxide filmthickness increase in 31% hydrogen peroxi de solution was 2.5 A
in the redaee sSskjrecrectd onphet oontadnatiof, and tihel thd aghbeusegilottion

subj ected to no photoirradiation. The oxide filmthickness increase 39 in 4

ppm ozongsWwakek i WaaaldndtRel fohbgihei 99 Subh eched i1 DNARQiunk gshi Ald ans and
2.7 Ain the region subjected to no photoirradiation. That is, ratios of

the oxi deentciiE@lEhiaﬁEngéfficiently immersed. The light shielding plate 56

is arranged above the agueous solution so as to partly cover the
aluminum plate. In this example, for confirming reproducibility
of experimental data, thealuminumplatetobeoxidizedhadathickness
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 £ilm thickness increase of the aluminum plate
immersed in about 0.1% N,O-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 photoirradiationand 1.8 A in the region

subjected tonophotoirradiation. Theoxide filmthickness increase
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increase in the region subjected to photoirradiation to the oxide film

t hickness increase in the region subjected to no photoirradiation were 7.8
times or nore with about 0.1% N20-dissolved water, 1.4 tinmes with 31%
hydr ogen peroxide solution, and 3.9 tines wth 4 ppmozone water. The
results confirnmed that a difference in oxidizing power between the region
subjected to photoirradiation and the region subjected to no

photoi rradi ati on was very large with the N20-di ssol ved water conpared to
that with the hydrogen peroxide solution or the ozone water, and that

al um nunmihn 4t ket egkzones W et edast A hot Ai imadiiad | ek gdlopnesaiatle bee@Xitdi zed
by controlling the photoirradiation region w thout oxidizing the region

subj ect eght0oi PLaBNRL PbAT aghatiom [R0084] The pr&fsshedexpumieas ofo thg

present invention are described in detail. However, the present invention
is not | . sp c,exa o cati.ons and
changes bﬁ%E 9rré§1§95$ﬂ efh%%nég o%gggéss?ﬁgf%$% gyf%%egkilngéﬁgﬂgﬁss

descri bed |n clajms. [0088] The, exanpl es descri bed the experinments of
oxi dat i ohn%Fea%‘ﬁel%|"41'iec6ﬁ9w§*PeFu9ﬁﬁcFﬁ€ 5P RHMAA Prateat Hpie teduiie §x1de

confirmed that the present invention can also be applied to | ocal oxidation

of a subBitmtetbickugissg timersidseconimaf eheandegional lanbieriptdt eto 400The

selectively formed oxidi zed regi on may obvi ously serve as a selected

i nsul at i pigot @Yt vAd bat hos wester al £t dfhes cxoncbe it dmd et Dal ¥ N,ardekebilngd

protective film (mask) pattern with excellent chem ca
water, 1.4 times with 31% hydrogen peroxide solution, and 3.9 times
with 4 ppm ozone water. The results confirmed that a difference
in oxidizing power between the region subjected to photoirradiation
and the region subjected to no photoirradiation was very large with
the N,0-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 contreolling the
photoirradiation region without oxidizing the region subjected to
no photoirradiation.
[0087] 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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resi stance, or a pattern of an ornament, simlar to the oxidized region
formed by the conventional nethod. [0089] The nitrous oxi de aqueous sol ution
to be used for oxidation had an N20 concentration of about 0.1%in the
exanpl es, but the N20 concentration is not Iimted thereto. For obtaining

a certain effect, the N20 concentrati on nust be 10 ppmor nore. A high
concentration | eads to an increased oxidation rate, but in consideration of
effects of concentration change due to generation of bubbles or dissipation
of N20 into an atnosphere under photoirradiation at an atnospheric

pr essur ethd heslomricend Iat farmed opt @f eedbtygbon 008y pphy doukRgSserDECas a
preferably 100 ppmto 4, 000 ppm and nost preferably 500 ppmto 3,000 ppm

[0090] Asdmeidrach 9hseaBEAO 891 bAS PAM A St Ad ALIFON JREh R e mABErial,
particularly limted. Exanples of the nethod include: a nmethod of arranging

‘ 2 T o ; ‘
ol it oL oiEhthe BraPBegidel 8 th" Bpdh) Mh e AP At Excr Sih R Bar
and a nethod of irradiating.the %&{gﬁtore ion alogne_wth coIIecteg%narrow

light, I'Z&SErS1aiR, Or & REUHRKE MR tr 8T GRE, T8I hPFaPtydtsed

general photolithography. Use of those nethods of controlling the

phot oi r readl ign ofpresd i dthovweeondwretenahdnedhedt i ve oxi dation of the

desired region without a 41 photolithography step enploying a resist.

[ 0091] Tl gdltrous Hedendipreossosdbiat ixameamays comlwt fowt her be used for

oxygen-contai ning precursors in water as long as a function of
oxidation had an N0 concentration of about 0.1% in the examples,
but the N;O concentration is not limited thereto. For obtaining
a certain effect, the N;0O concentration 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;0 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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generating dissociated atom c oxygen (0) under photoirradiation is not

i nhibited. For exanple, 02 and the |like nmay be m xed as described referring
to Fig. 10. Industrial Applicability [0092] The present invention relates to
a nmethod of oxidizing a substance and an oxi dation apparatus therefor, and
the present invention has wide industrial applicability. For exanple, the
present invention may be used for: oxidation of a silicon wafer, another
conpound sem conductor substrate, a circuit substrate, or the liKke;
sterilization, disinfection, surface treatnment, deodorization, and

di scol oPhef a3l thosinestah Gt suEnRkovi metal refista. resin; deconposition of a
toxi c organi c substance (such as trihalonethane or dioxin); and the |iKke.
Fur t her ,[oofsa]pr esentThel nierbuenoalidewagueanti solaehbhnohabyceonainl dtimgrt he
presence or absence of UV light irradiation or controlling W |ight

i rradi atdx%}@;erﬁ%ﬁﬂ&@ﬁngar&éiwﬁs&@é‘ Pe waedrfas @Bn@x'a%ata! i3 0(5‘15 of a
substance’i'n a liquid by u3|ng a mcroreactor or the |ke 42 CLAI M5 . A

met hod en%)gaq:ll éﬂ gstssoli:t%I o%é}f ab(\ﬁgc}giﬁ ﬁ?)byuné; ggr%a% ‘?Q}%O

substance into ¢ a so ution us oXli e

irradiating the solution with W |I%ht and controlllng atine perlod of t he
OXIdIZIﬁ@ e diHERIHES padfeF example, O: and the like may be mixed as

described referring to Fig. 10.

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,
decdorization, 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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on a time period of the irradiating the UV light. 2. A nmethod of oxidizing a
subst ance according to claiml1l, wherein: the solution is an aqueous

sol ution containing nitrous oxide dissolved therein; and the UV |light to be
irradi ated has a wavelength of 173 nmto 240 nm 3. A nethod of oxidizing a
substance according to claiml1l or 2, further conprising controlling a W
light irradiation region. 4. A nmethod of oxidizing a substance according to
any one of claims 1 to 3, further conprising bringing the substance into
contact wth the solution by imersing the substance in the solution. 5. A
met hod of oxidizing a substance acco?Hgﬁﬁsto any one of 43 clainms 1 to 3,
further conprising bringing the substance into contact wth the solution by
di ssol vi ng thé.swbshanbedi mft hexsdi zinona Guibstmidewd chaoricteziizgda by
subst ance according to any one of «clains 1 to 3, further conprising

bringi ngchpeisybgtance into contact wth droplets of the solution. 7. A

nmet hod of oxidizing a substance according to claim6, further conprising

I e e A R il
subst ance accordingthﬁgﬁraone of clains 1 to 7, further conprising

ar r angi AgTACHEsR* ing W light irradiation above the substance.

irradiating the solution with UV light; and
controllinga time periodof the oxidizing the substance based

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 agueous 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 sclution by immersing the substance in the solution.

5. A method of oxidizing a substance according to any one of
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9. A nethod of oxidizing a substance according to any one of claims 1 to 8,
wherein the Wlight is convergent light. 10. A nethod of oxidizing of a
substance according to any one of claims 1 to 9, wherein the substance is
one kind of substance selected fromthe group consisting of silicon,

al um num copper, iron, zinc, titanium tantalum silver, zirconium
tungsten, chromum nolybdenum nickel, hafnium ruthenium niobium
yttrium scandi um neodym um |anthanum cerium cobalt, vanadi um
manganese, 44 gal lium germanium indium tin, rhodium palladium cadm um
ant i monyladme JzaFJIC)o?yfs fPﬁé%@élQ@“RWnﬂ@rlmwgm subekadreiimf aceubatance
according to any one of clains 1 to 10, wherein the substance is a

sem coneuchort heukstinatieon 2 .diksgwhioty afheoxdubatagra subshanselactondi ng to
any one of clainms 1 to 11, further conprising irradiating the solution with
Wlight in an inert gas atnosphere. 13. A nethod of oxidizing a substance
according to any one of clains 1 to 11, further conprising irradiating the

solution wthg W o&%f‘o%&‘&i‘é{i‘n? QPémE’Q%E%%c% fbf%{gg? Conpgfbgézéf‘g a

subst ance accordlng 0 any one | ai s i Si'ng

conduct i oxi dation arranging a ht sour d the sybstance in the
conduct 19,9 St on by acranglng Al Lalt seurse 2 B HECE kS TR o
clainms 1 to 14, wherein a concentratlon of nitrous oxide in the solution is
10 ppm tath cdoopgdmhs of the solution.

7. A method of oxidizing a substance according to claim 6,
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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16. A substance oxidation apparatus, characterized by conprising: 45 a

container for imersing a substance in a solution containing nitrous oxide;
means for irradiating the solution in the container with W Ilight; and

means for changing a distance between a |ight source and the

existing in adjacent to the substance very closely. 17. An oxidized

subst ance which is obtained by the nethod

to 15. 46

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 1 to 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 wvacuum 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.

16. A substance oxidation apparatus, characterized by

comprising:

45

ni trous oxide

according to any one of clains 1



a container for immersing a substance in a solution containing
nitrous oxide;

means for irradiating the solution in the container with UV
light; and

means for changing a distance between a light source and the

nitrous oxide existing in adjacent to the substance very closely.

17. An oxidized substance which is obtained by the method

according to any one of claims 1 to 15.
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