1 SPECI FI CATI ON METHOD OF MANUFACTURI NG SUBSI RATE TECHNI CAL FI ELD [ 0001]
The present invention relates to a nethod of manufacturing a substrate
having a m croscopic structure by formng the microscopic structure on a
gl ass substrate, a resin substrate, a netal substrate or a ceramc
substrate. BACKGROUND [0002] In order tg forma mcroscopic structure of a
m cronmeter or |less order on the surface of a glass substrate, the surface
of the glass substrate is processed via |lithography and thy etching since
mechani cal processing exhibits prqﬁgﬁﬁhg Atp@@rror accuracy (for exanple,
Pat ent Docunent 1, and Patent Docu ? 03] Dry etching is a nethod
by which a substrate is processed with reactive ions or radicals, and is
acconpanied with chem cal reaction. For this reason, a high-purity glass
contai ni ng no inpurity MEIHQDQEMANYEAGTERIN uartz substrate is
utilized. [0004] Synthetic quartz is synthesized from powder having been
chemcally prepared in order to reduce inpurity quantity. The synthetic
quartz sYMOHESICAMFIELIhi s way exhi bits high transparency, heat resi stance,
o chenmical.s, since it contai little inmpurjty. However,
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quartz sebgemigtsebstrgtet o be unsuitable for an el ement at |ow cost. [0005] On
the other hand, there is an exanple of a glass subslrate containing
inpurities, previ ously having been subjected to dry etching. A glass

-subst r at BA((]KQRmUNbby Coming Inc.) as Pyrex (registered trademark) has
been specrfrcally subjected to dry etching (For exanple, Patent Docunent
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of those being
accompanied with chemical reaction. ~ For this reason, a high-purity glass containing no impurity is

desired to be used, whereby a quartz substrate is utilized.

[0004] Synthetic quartz is synthesized from powder having been chemically prepared in order to
reduce impurity quantity. The synthetic quartz synthesized in this way exhibits high transparency, heat
resistance, and resistance o chemicals, since it contains little impurity.  However, since impurities are
to be removed from the synthetic quartz, a quartz substrate can not be manufactured by a method in high
productivity.  As aresult, use of the quartz substrate results in high cost.  Therefore, the quartz
substrate is to be unsuitable for an element at low cost.

[0005]  On the other hand, there is an example of a glass substrate containing impurities, previously
having been subjected to dry etching. A glass substrate (produced by Coming Inc.) as Pyrex
(registered trademark) has been specifically subjected to dry etching (For example, Patent Document 1).
[0006] However, in the case of conventional glass such as Pyrex (registered trademark) glass, it is
difficult to bring about chemical reaction with reaction gas during dry etching, since the glass contains
impurities such as boron, sodium, potassivm and so forth.  As a result, there appeared problems such
that etching did not proceed; an etching rate thereof was low; a selectivity ratio could not be taken with
an etching mask; and the surface was roughened since impurities are deposited because of those being



2 nonvol atile. For this reason, it was not possible to be industrially
utilized that an inexpensive glass substrate containing inpurities is

m croscopically processed via thy etching. [0007] Incidentally, inmpurities
can be contained in a glass subshate to increase productivity of the glass
substrate, to adjust a refractive index2of the glass substrate, and to

adj ust a thermal expansion coefficient thereof For exanple, since sodium
carbonate or potassium carbonate is capable of dissolving a silicic acid as
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since a gl ass substrate containing iInpuri e processed
via dry &ughernipce abaliesrid édapablerof decogasiog & themred enpension cdeffidient est résistahee dfdenmed
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react ed bptical didnivat, by edeninginpurites itthagladsyatedate A trial to manufacture the
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substrate. Since it is difficult to formfine pattérns used for the
pat t er ne@l hemsimsilaiehe | i ke on the resin substrate via mechani cal

pr ocessi th '! ne L1 e e . be fo viag .t etching. 3 [,0012]
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resulting, jn difficult formation of a desired mcroscopic structure on the
resin suBi&tpmaputacture the microchip with the resin substrate is made by forming fine patterns on the resin

substrate.

[0011]  Further, a trial to use the resin substrate as a magnetic recording medium substrate is made.
Proposed is a so-called discrete medium or patterned medium with which grooves are formed in the
circumferential direction of the magnetic recording medium, and physically separated by a nonmagnetic
region (non-recording region) incapable of writing data between tracks. A trial to manufacture the
patterned medium with a resin substrate is made by forming fine patterns on the resin substrate.  Since
itis difficult to form fine patterns used for the patterned medium or the like on the resin substrate via
mechanical processing, the fine patterns have to be formed via dry etching,



[0013] Formation of a mcroscopic structure on a netal subsli ate is also
demanded. For exanple, a trial to manufacture a patterned nedi um or the
like is made by formng fine patterns on an al um num substrate. However, it
is difficult to formfine patterns via mechanical processing. On the other
hand, fine patterns are fornmed via dry gtching, but it is difficult to form
fine patterns on a netal substrate via thy etching. Patent Docunent 1:
Japanese Patent O P.l. Publication No. 11-218631 Patent Document 2:
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to solve the abhove-descrjbed problem and it is an object of the present

i nvent i oMUETBSCAPIB TR Ry KBRS fanuf act uring a substrate, which is
capabl e orsP" Pifhish FaHHiSSGRR SnRhddii dth8al Abeftalfls RS dBHAHES. 2'Fr bS]
substrate, a netal substrate or a ceramc substrate containing | npurities.
MEANS  TOtBloviranTitEfeR@Bldmds niddfhber that lika dtruade b fofirolfiee patiese oh ai diwainton: A

met hod of nuf g¢cturing, a. substrate, conprising the steps of fornng an
Si 02 fil ﬁﬂf%'ﬁatja %Wea%fel%?]ﬂiw&f%@ng%gﬂﬂﬁ BRI FOC e | 9 e aﬁsrgﬁ{l%f
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substrate via a liquid phase deposition process, formng an etching nask
havi ng pdecéhéngn ned patterns on the Si02 film and thy-etching the Si02
filmafter forgin he etchin Sk t t.tern e, Sl film [0016]
Structure 2 of i%tﬁrgﬂﬁ?‘ﬁ%@&]f‘%ﬁ?ﬁ?%ﬂ:&ﬂ@%ﬁ%iﬁo}lﬁ%&ture 1, wherein
the I'iquid phapgedepashdnt 2aihee PaEntCOPP PiliRaioh MR, 2008AS74p | mrersing the
subshate in an_aqueous_ sol uti on, and hydrol y2|(£1(%éa netal -fluor conplex in

t he aqueous soNgePatantipcepernt Jepworsingd Aciuptorn s @MW) Bdrfidée of the substrate.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0014] The present invention is made to solve the above-described problem, and it is an object of the
present invention to provide a method of manufacturing a substrate, which is capable of forming a
microscopic structure on a glass substrate, a resin substrate, a metal substrate or a ceramic substrate

containing impurities.

MEANS TO SOLVE THE PROBLEMS

[0015] Structure 1 of the present invention: A method of manufacturing a substrate, comprising the
steps of forming an Si0O; film on a surface of a glass substrate having an impurity content of 10 —50%
by weight, a resin substrate, a metal substrate or a ceramic substrate via a liquid phase deposition
process, forming an etching mask having predetermined patterns on the SiQ; film, and dry-etching the
510, film after forming the etching mask to pattern the SiO» film.

[0016] Structure 2 of the present invention: The method of Structure 1, wherein the liquid phase
deposition process comprises the steps of immersing the substrate in an aqueous solution, and
hydrolyzing a metal-fluoro complex in the aqueous solution to form the Si0, film on the surface of the
substrate.

[0017]  Structure 3 of the present invention: The method of Structure 1 or 2, wherein the glass
substrate comprises at least one selected from the group consisting of boron, sodium, potassium, lead,

aluminum and lithium as an impurity.



[0017] Structure 3 of the present invention: The nethod of Structure 1 or

2, wherein the glass subshate conprises at | east one selected fromthe
group consi sting of boron, sodium potassium |ead, alumnumand |ithium as
an inpurity 4 EFFECT OF THE | NVENTION [0018] In the present invention, it
I's possible to forma mcroscopic structgure on a substrate by form ng an
Si02 filmon the surface of the substrate via a |iquid phase deposition
process, and dry-etching the Si02 filmto pattern the Si02 film even

t hough a gl ass substrate, a resin substrate, a netal subsliate or a ceramc
substrate containing inpurities is used as the substrate. BRI EF DESCRI PTI ON

OF THE DRAHGSOFOHPINFENTIONa, Ib, 1 ¢ and Id each are a cross-sectional

view of a substrate to explain_a nmethod of nmanufacturing the subsliate in
an enbodil¢fHfl &rthe preseprisention, it innepiblot forpnisaPPONr LR IOMERBEBI 0 20] 1

Substi at g, il &b A on dfeshithda G fB Sttt ANE RYRT AR EHosiIR Bfocess, and dry-
etching the Si0O, film to pattern the Si0O, film, even though a glass substrate, a resin substrate, a metal
substrate or a ceramic substrate containing impurities is used as the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Figs. la, 1b, lc and 1d each are a cross-sectional view of a substrate to explain a method of
manufacturing the substrate in an embodiment of the present invention.

EXPLANATION OF NUMERALS
[0020] 1 Substrate

2 SiO, film

3 FEtching mask

4

Concavo-convex shape

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] A method of manufacturing a substrate in an embodiment of the present invention will be
described, referring to Figs. 1a, 1b, 1cand 1d.  Figs. 1a, 1b, 1¢ and 1d each are a cross-sectional view
of a substrate to explain a method of manufacturing the substrate in an embodiment of the present
invention.  Fig. 1a shows a cross-sectional view of a substrate, and Fig, 1b shows a cross-sectional
view of a substrate of which an SiO; film is formed on the surface. Further, Fig. 1¢ shows a cross-
sectional view of a substrate having an SiO» film thereon, wherein an etching mask is formed on the
S10; film, and Fig. 1d shows a cross-sectional view of a substrate having an SiO- film thereon, wherein
concavo-convex shape 4 corresponding to an etching mask is formed on the surface of the SiO; film.
[0022] A glass substrate, a resin substrate, a metal substrate or a ceramic substrate containing
impurities is used as substrate 1 as shown in Fig. la. For example, substrate 1 is plate-shaped. The
shape of substrate 1 is not specifically limited. Substrate 1 may be disk-shaped, and may also be
rectangle-shaped.

[0023] Soda glass, crystal glass, borosilicate glass or the like is used for a glass substrate.
Components other than SiO; as a main component of glass are designated as impurities. Examples of



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0021] A met hod of manufacturing a
substrate in an enbodi nent of the present invention will be descri bed,
referring to Figs. la, Ib, 1 ¢c and |Id. Figs. la, Ib, 1 ¢ and I d each are a
cross-sectional view of a substrate to explain a nmethod of manufacturing
the substrate in an enbodi nent of the pmesent invention. Fig. |la shows a
cross-sectional view of a substrate, and Fig. | b shows a cross-sectional
view of a substrate of which an Si02 filmis fornmed on the surface.

Further, ;Fi.g. 1. c. shows a cross-sectional. view of ubstrate 1ng an
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Fig. |d #2908 Ricdies Fomeddrstipabnsistityofthe @oSeiRséribad SoniRvibridis fite) Sbritdnddithan
t her eon, wherei n concavo-convex shape 4 correspondi ngoto an etching mask is

formed oBlagsiebsiates ateiguritrentsntdrethe glass splortiate s preferpldy £0 s e by eight. aFeesi n

substrat . . C i e LM i ities
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Substrate | .ma e di sk-shaped,  and may al so, be rectangl e-shaped. [0023]
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are designated as inpuri np I es 1 nclude

conponen{mlywarbbnates, A (polyetisdahe tengphihalate) syainpoly@elth (CAIPYFI (rotpiratde), dridishi um At
| east on | ected fromthe. grqu nsi sting of the above-described
corrponen?@g@g%ﬁpﬁené%‘?rﬁ'%ﬁgmﬁﬁ?ﬁ&eﬁ% sugstrate. An inpurity content in
the gl asmozss“%%gﬂmm&h&mﬁ%g&ﬂagé@ﬁ WARINGEEn), ST (sBMHREE behe like is

borosilicate glass contalning 3 a20 or K20, and Al 203 ot hér than Si 02
as wel | zsedddrageetal gubsigia baighepreed inventiim is 1o4 imitedtheretoher i mpurities is used
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(pol ynet hacryl ate), PC (pol ycarbonate), PET (polyethyl ene terephthal ate),
cyclic péheﬁﬂ-efi n (COP), PI (polyhnide), and so forth, but the present
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[0027] And, as shown in Fig. |Ib, Si film2 is formed on the surface of
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surface of substrate 1. [0028] The |iquid phase deposition process is a

process bjepjsilaracionfermalla@xi de filmis directly formed on a substrate by

utilizing equijjdkinm reagthon of regal - f o conplex in an aqueous
sol ution. This réaction ggﬁbbéﬁrgﬁgésentéﬁ %g?{he foll ow ng chem cal

f or mul aeChemical reaction formula (2)
H;BO;+4H +4F — HBF;+3H,0

Chemical reaction formula (1) exhibits the main reaction, and symbol M represents a metal.
[0029] The metal-fluoro complex is hydrolyzed to produce a metal oxide. In this case, as shown in
chemical reaction formula (2), fluoride ions are consumed by adding a boric acid into the system.
When the fluoride ions are consumed, the equilibrium reaction in chemical reaction formula (1) is
shifted to the right side, whereby deposition reaction of the metal oxide is accelerated.  As shown in
Fig. 1b, high-purity SiO; film 2 is formed on the surface of substrate 1.



Chem cal reaction formula (1) MFP-2n)- + 1il-120 -> MOn + )(W + Ifir

Chem cal reaction formula (2) H3BO3 + 4H+ + 4F -> HBF4 + 3H20

Chem cal reaction forrmula (1) exhibits the main reaction, and synbol M
represents a nmetal. [0029] The netal -fiuoro conplex is hydrolyzed to
produce a netal oxide. In this case, asgshown in chem cal reaction formla
(2), fluoride ions are consuned by adding a boric acid into the system
When the fluoride ions are consuned, the equilibriumreaction in chem cal
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And, as shown in Fig. |Ic, etchi lr~1'E?gsl4mask 3 havi ng predeterm ned patterns is
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met hod ot her tc%%&%lf ectron beans. [0031] And, after forning etching mask 3
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[0033] Further, in the case of a liquid phase deposition process, it is possible to form a metal oxide

film in a hquid phase at room temperature, whereby resin and metal may also be used in addition to
glass as a material used for substrate 1, as described above.

[0034] For example, it is difficult to form fine patterns on the surface of a resin substrate via dry
etching, but it is possible to form desired patterns on a resin substrate by dry-etching SiO; film 2 after
forming Si0; film 2 on the surface of a resin substrate (substrate 1).  In this way, the resin substrate is
possible to be applied to a magnetic recording medium substrate used for an optical element, a
microchip for analysis, a patterned medium or the like, since a microscopic structure can be formed on
the resin substrate.

[0035] Further, also in the case of metal, it is possible to form desired patterns on a metal substrate by
dry-etching SiO, film 2 after forming SiO; film 2 on the surface of a metal substrate (substrate 1). In



[0034] For exanple, it is difficult to formfine patterns on the surface of
a resin substrate via dry etching, but it is possible to form desired
patterns on a resin subshate by thy-etching Si02 film2 after form ng Si02
film2 on the surface of a resin substrate (substrate 1). In this way, the
resin subshate is possible to be applied to a magnetic recordi ng nmedi um
substiate used for an optical elenent, a mcrochip for analysis, a
patterned nmediumor the like, since a mcroscopic structure can be forned

on the resin sybstrate. [0035]. Further | so in.the case aof tal, it._.is
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to be effectively prepared without increasing the number of film-forming processes to be carried out.

In addition, in Fig. 1b, for ease of explanation, Si0; film 2 provided on one surface of substrate 1 is
shown.

[0040] Further, the surface is possible to be smoothed by forming SiO, film 2 on the surface of
substrate 1 via a liquid phase deposition process.  For example, SiO; film 2 is filled in fine grooves and
so forth formed on the surface by forming SiO film 2 on the surface of substrate 1, even though
substrate 1 has a large surface roughness Ra, for example, so that surface roughness Ra is lowered,
resulting in smoothness of the surface possibly achieved.



[ 0040] Further, the surface is possible to be snoothed by formng Si02 film
2 on the surface of substrate 1 via a liquid phase deposition process. For
exanple, Si02 film2 is filled in fine grooves and so forth four ed on the
surface by formng Si02 film2 on the surface of substrate 1, even though
substrate 1 has a |l arge surface roughnegs Ra, for exanple, so that surface
roughness Ra is |lowered, resulting in snoothness of the surface possibly
achi eved. 8 EXAMPLE [0041] Next, specific exanples of the foregoing
enbodineggéﬂﬁ%k%ibe descri bed. (Substrate 1) In the present Exanple,

a plate- ass substrate is used as substrate 1. Borosilicate gl ass
is used fleo41] hmx@pa&ﬁc&uﬁﬁksaﬁt&foﬁg@ﬁg(erﬁﬁﬁﬁhﬁﬁsﬁhﬂ@eﬁés&%ﬂiﬁr k) glass,
produced by Coming Inc. is specifically used. This Pyrex (registered

t r ademar kU b contains 81% by wei ght of Si02, 13% by weight of B203, 4%

b i ght of i £.ion.
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(Film formation of SiO, film 2)

Si0; film 2 was formed on substrate 1 (glass substrate).  Specifically, substrate 1 was

immersed in a mixture solution in which 0.5 mol/L of an aqueous (NI1y) 2Sils sofution and 0.2 mol/L of
an aqueous H3BO; solution were mixed, at room temperature for one hour.  In the present
embodiment, substrate 1 was immersed in the mixture solution having a volume of S00 mL.. Asa
result, a 100 nm thick SiQO, film was formed on the surface of substrate 1.

[0044]  In addition, when an SiO; film is formed on a plurality of substrates at once, a larger volume
of a mixture solution is arranged to be used, and substrate 1 is immersed in the mixture solution while
circulating the mixture solution.

(Dry etching)

Next, concavo-convex shape 4 is formed on SiO; film 2 via dry etching. In Example 1, SiO;
film 2 was etched via inductive coupling type reactive ion etching (ICP-RIE; Inductive Coupled
Plasma-Reactive Ton Etching) employing an ICP-RIE etching apparatus.  SiO; film 2 was etched by
plasma-discharging CHF gas at a pressure of 2.66 Pa to form a pillar array structure.  Specifically,
formed was a pillar array structure in which a pitch between piltars was 100 nm, and each pillar had a
height of 50 nm.

[0045]  As described above, in the present Example, the same etching property as that of a quartz
substrate was possible to be obtained by forming an SiO» film on the surface of a substrate, even though
a glass substrate containing impurities is used as substrate 1.

{0046} In addition, Pyrex (registered trademark) glass produced by Coming Inc. was used in the
present Example, but the same etching property as that of a quartz substrate was possible to be obtained,
even though employing TEMPAX glass (produced by SCHOTT AG) having the same composition as
that of Pyrex (registered trademark) glass.



[0044] In addition, when an Si02 filmis forned on a plurality of
substrates at once, a larger volune of a mxture solution is arranged to be
used, and substrate 1 is imersed in the mxture solution while circul ating
the m xture solution. (Dry etching) Next, concavo-convex shape 4 is
formed on Si02 film2 via dry etching. bn Exanple 1, Si02 film2 was etched
via inductive coupling type reactive ion etching (ICP-RIE, Inductive
Coupl ed Pl asma- Reactive lon Etching) enploying an I CP-RIE etching

apparatu i 0 i e | - dJ ) a

pressur eﬁ}g# ﬁ2 . %érh“ﬁ‘laﬂt%‘* or %%8%5@1 ]%\rfosglﬁﬁ%g%s? ?%‘%%‘P@? %ﬁl a%ﬁ'é%glg%f ’%ﬁﬁsq.‘%/%m\gor med
was a pi ktcling property as thatf b Yitzistbsitdite cda ba obtainedbydeintiggss 0O} fila] oh thesrfd@fam
and each pillar had a_height_of 50 nm_ [0045] As described above, in the
present EPalY smilarydo the mrescat Bxample. pres Jrovgly elass othgrthandrorosiligriaelass istisedfor ait e

0
was poss e ﬂ@%@ghﬂ@mﬁﬁ RRed r a
substratgg&gy%ﬁw?hgﬁghégﬁggggém%%%strate co %é?%?ﬁgﬁlnpdgﬁ??@%%%gﬁﬂgéﬁ as
subst r at er ctystd] flas6q ustdfoaslgladsisabatrate?y riexthéry ia diepraaers Examyslel dheaidsd subbtateds used,
produced. by, Com ng | nc. sed . in the present EX | e, but, the sane

et chi ng BF@E@@F?G “Fﬁ%?g@ﬁeéﬂﬁﬂﬁF?§B§ﬂ- PW%W@éﬁE§%g§§§?Bﬁ€W?%ﬁﬁ%ﬂobtained,
even t hoyghyRR bl ifsta\FPA¢eghRSRbstrgE 0duced by SCHOTT AG having the same
conposition as that of Pyrex (registered trademark) glass. 9 [0047]
Further, in the present Exanple, borosilicate glass is used for a gl ass
substiate, but the sane etching property as that of a quartz substrate can
be obtained by formng as Si02 filmon the surface of a substrate simlarly
to the present Exanple, even though glass other than borosilicate glass is
used for a glass substrate. For exanple, the sane effect as in Exanple can
be produced even though soda glass or crystal glass is used for a gl ass
substrate. Further, in the present Exanple, the glass substrate is used,

but the sanme effect as that of the glass substrate can be produced even

t hough enploying a resin substrate, a netal substrate or a ceramc
subsliate. 10 CLAI M




1. A nethod of manufacturing a substrate, conprising the steps of: _
formng an Si02 filmon a surface of a glass substrate having an inpurity
content of 10 - 50% by weight, a resin substrate, a netal subsliate or a
ceram c substrate via a |liquid phase deposition process, form ng an etching
mask havi ng predeternined patterns on the Si02 film and thy-etching the
Sio2 filmafter formng the etching mask to pattern the Si02 film 2. The
met hod of Claim1l, wherein the |iquid phase deposition process conprises
the steps of. imrersing the substrateciAl®% aqueous sol ution, and

hydrol yzing a netal -fluoro conplex in the aqueous solution to formthe Si02
filmon the surface of the substrate. 3. The method of Caiml1,

wherein tlhe gl %%eﬁ%)&%ﬁhﬁﬁc : Jﬁﬁﬁ%te%ﬁgﬁﬁﬁé%%ﬁgs%@ ected fromthe group

consi sting of boron, Ssodi assi um nuim and lithiumas an
inpurity 4. Theonwsigdm®iof filfd caiarnZace of a glass swlseiehating Ae inghdisScoftltsi 1@L 80%
conprises at .| east one selected fromthe group consisting of borgn, sodium
pot assi urly Weks 2 resinFHPSH iR A Aeial Subisiiite o aSTagNc ﬁugﬁ@rqveagﬂ liquid'phase deposition

process,
forming an etching mask having predetermined patterns on the SiO; film, and
dry-etching the Si0; film after forming the etching mask to pattern the SiQ, film.

2. The method of Claim 1,

wherein the liquid phase deposition process comprises the steps of:

immersing the substrate in an aqueous solution, and

hydrolyzing a metal-fluoro complex in the aqueous solution to form the Si0, film on the
surface of the substrate. |

3. The method of Claim 1,
wherein the glass substrate comprises at least one selected from the group consisting of boron,

sodium, potassium, lead, aluminum and lithium as an impurity.

4, The method of Claim 2,
wherein the glass substrate comprises at least one selected from the group consisting of boron,

sodium, potassium, lead, aluminum and lithium as an impurity.



